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ABSTRACT
 

Coastal ecosystems of the Virgin Islands Biosphere Reserve, St. John,
 
are subject to stress of sedimentation from watershed erosion, both
 
natural and man-induced. A pilot study was initiated at Mandal Pond and
 
Reef Bay mangrove swamp on the southern coast of St. John to determine
 
sedimentation rates and to discover if the rates have changed in response
 
to man's historical activity in the watershed. The results reveal the
 
deposits are ordered in time, display horizons and preserve components
 
produced in the pond/swamp or derived from the watershed. Radiocarbon
 
ages of intertidal peat indicate that both sites have submerged at a
 
uniform rate of 0.08 cm/yr. Submergence exceeds sediment infilling at
 
Mandal Pond whereas infilling exceeds submergence at Reef Bay.
 
Consequently, the swamp size at Reef Bay and water depth decrease with
 
time, depositional units change And watershed-derived alluvium
 
encroaches on the swamp. Despite man's activity,no massive effect of
 
sedimentation on the swamp is observed. Man's effects are 
relatively
 
small in comparison to the long-term natural evolution of the system.
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INTRODUCTION
 

Coastal ecosystems on Caribbean oceanic islands are 
subject to stress
of sedimentation produced by watershed erosion. 
Part of the sediment is
 
a natural input whereas another part can be caused by man's varied use of
 
the land dating back 270 years to deforestation and sugar agriculture.

As 
tropical forests were destroyed, soil erosion likely set in, 
soil
 
composition changed, stream loads increased and sedimentation in coastal
 
sinks likely accelerated. 
The present status of the coastal ecosystems

therefore, can be 
partly a product of past mismanagement as well 
as
 
present-day use. 
 The effects of man are superimposed on the natural
 
processes. The central problem poses 
three key questions for management:

(1) What is 
the status of present-day sedimentation rates in relation to
 
natural or 
"baseline" rates prior to man's intervention? (2) Are the
 
present rates increasing or decreasing in comparison 
to the recent past?

(3) If 
recent trends continue, what future sedimentation rates are
 
predicted?
 

Much research has been done on erosion rates and sediment yield

induced by deforestation, farming and mining, for example Gilbert 
(1917),

Douglas (1967) and Meade and Trimble (1974). Very little has been done
 
however, to measure changes in the rate that sediment goes into storage

in coastal sinks. 
 Most erosion or yield rates are determined from
 
measurements of stream sediment loads at time scales of years 
or a
 
decade, for example, Lugo et al. (1980). 
 A few data come from weizs or
 
reservoirs, before and after a change of land-use 
(Wolman, 1967; McCall
 
et al. 1984). 
 Much less is known about rates ol 
erosion and sedimenta
tion at time scales of decades and centuries, a scale at which much human

activity prevails. The gap in knowledge is widened by the 
fact that most
 
erosion and sedimentation rates are determined for continental areas
 
whereas few data are available for oceanic islands. 
 This gap is
 
amplified by recent findings of Milliman and Meade 
(1983). On a world
wide basis, oceanic islands, for example in 
the western Pacific, have
 
higher rates of sediment yield than elsewhere, 1,000 tons/km 2 /yr, a rate

2.5 times greater than the 
Asia mainland. This is attributed to steep

slopes, heavy rainfall and intense human activity.
 

Although the island of St. John has an undeveloped appearance today,

its past contained a cultural landscape. Like other islands in the
 
region there are mountainside terraces, plantation ruins, an old road
 
network, impoverished soils and secondary or 
introduced vegetation (Lugo

et al. 1983). Watersheds are dissected into narrow 
guts and steep stream
 
banks. 
 It remains to determine where the eroded sediment goes. 
 Does it
 go into storage in 
stream valleys and coastal sinks? 
As the coastal
 
systems evolve by sediment infilling and streams dominate, flowing into
 
the sea, 
are coral reefs threatened by sedimentation?
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SITE DESCRIPTION
 

The study sites are located in coastal environments that are likely
 
sinks for sediment supplied from their watersheds, a mangrove swamp and
 
a salt pond. The sites lie on the south coast of St. John (Figure 1)
 
where annual average rainfall on the watersheds ranges 114 to 140 cm
 
(Bowden, 1970). The watershed of Reef Bay mangrove swamp covers 5.63 km2
 

and the average slope is 19%. The main valley is filled with alluvium
 
and vegetated in lowlands with dry evergreen thicket and in uplands with
 
gallery and basin moist forest. Higher slopes are covered by dry ever
green woodland (Woodbury and Weaver, 1984). The watershed of Mandal Pond
 
covers 1.33 km2 and has an average slope of 40% (Hubbard et al. 1985).
 
Dry evergreen woodland is the dominant vegetation. Choice of the Reef
 
Bay site provides an example of watershed having a history of substantial
 
human activity. Changes of land use are marked and these are well
 
documented by Tyson (1984;1985). In contrast, the Mandal Pond watershed
 
and vicinity is relatively free of historical human activity (Tyson, 1986).
 
Therefore, natural conditions likely prevailed while settlement proceeded
 
elsewhere on St. John.
 

The environment of deposition in the Reef Bay mangrove swamp and
 
vicinity consists of four zones that vary with distance seaward from the
 
river valley and with decreasing elevation: (1) An alluvial lowland of
 
dzy evergreen thicket. (2) A zone of Laquncularia racemosa (white rnn
grove) 75 to 100 m wide and a canopy height of 7 to 9 m with numerous
 
dead and dying trees. (3) Farther seaward, a zone 60 to 80 m wide and
 
30 to 50 cm below zone two, is Avicennia germinans (black mangrove) with 
heights less than three meters. The "scrubbiness" of this zone and the 
open areas of dead trees indicate this zone lacks vitality. Scrubbiness 
is characteristic of mangroves subject to high soil salinity (Cintron
 
et al. 1978). (4) Behind the barrier along the seaward swamp edge is a
 
fringe of Rhizophora mangle (red mangrove) in a band 5 to 8 m wide at
 
elevations of 20 to 40 cm below zone two. The trees are mainly less than
 
2 m high.
 

Water in the mangrove swamp is stagnant and circulation is restricted
 
by the numerous dead trees. During rainy periods tile swamp receives
 
intermittent inflow mainly from a stream along the northwest side and
 

secondarily from an intermittent stream that enters on the east side.
 
Swamp water discharges across the barrier through a channel 110 m long
 
and 8 to 20 m wide (Figure 1). During normal conditions the entrance is
 
blocked by littoral sand and therefore, fine fluvial sediment is likely
 
retained in the swamp. Because the channel is straight for a considerable
 
distance and its sand bed attains depths of 1.5 to 2.0 m below sea level,
 

it is likely a man-made cut. Examination of aerial photography dated
 
1947, reveals that the swamp once contained a small pond in eastern
 
reaches. Additionally, a U.S. Coast and Geodetic Survey Chart dated 1919,
 
reveals the swamp contained a small lagoon connected to Reef Bay, in
 
western reaches. The swamp and enclosed pond or lagoon reportedly were
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Figure 1. Location of study sites and configuration of Reef Bay
 
mangrove swamp and Mandal Pond. 
 Dots are probe sites and sediment
 
thickness in meters. 
 Triangles are core locations.
 



used as places to dump sugar factory wastes. Edges of the swamp are
 
inhabited by numerous land crabs, Cardisoma guanhumi. By burrowing
 
into the near-surface sediments 30 to 35 cm, the crabs mix the upper 30
 
to 70 cm of sediment and thus can destroy sediment stratification and
 
the recent geologic record.
 

Mandal Pond occupies a drowned stream valley of Cob Gut. This is
 
evidenced by alluvium that underpins the filling of pond deposits.
 
Additionally, teentrant "arms" of the pond lead into small tributary
 
streams. The drowned appearance of the shoreline is interrupted by a
 
very small delta protruding pondward at the entrance to Cob Gut. On its
 

seaward side the pond is enclosed by a sand and cobble barrier about 1.8
 
to 2.5 m high. The barrier is dissected in its central part by a channel
 
84 m long, 7 m wide and 0.3 to 1.2 m deep. This channel is likely an
 
artificial cut and its course is displayed in a 1947 aerial photograph
 
as well as on a 1919 U.S. Coast and Geodetic Survey Chart. Although the
 

channel is choked with mangroves it likely allows discharge of overflow
 
flood water into Grootpan Bay. In contrast, seawater likely enters the
 

pond from the ocean through the channel during infrequent periods of high
 
waves and storm surge. During normal conditions the pond is essentially
 
a closed system and provides a good trap for sedimentary materials.
 

Water depths in the pond after rainy periods range 0.6 to 1.3 m. In
 
aerial photographs dated 1965 however, the pond floor displays a white
 
tone. This is indicative of salt efflorescence and hence, subaerial
 

exposure during drought periods. When the pond is full, local wind waves
 
can stir up fine "soupy" bottom sediment and render the water turbid.
 
Therefore, near-surface sediment is subject to physical mixing. Biotur
bation of the sediment however, is limited by the scarcity of macrofauna.
 
The pond fauna consists of numerous microfauna less than 2 mm size, mainly
 
gastropods, of the species Assiminea succinea or Littoridine
 

sphinctostoma. Since the shores are steeply sloping, mangroves are
 
limited to a narrow irregular fringe along the pond edge.
 

Both sites are subject to infrequent disturbances as droughts and
 
hurricanes. Droughts can last 2 to more than 20 years or 66% of the
 
time according to the Palmer Drought Severity Index (Bowden, 1970).
 
Drought weakens the protective vegetal soil cover and provides favorable
 
conditions for fires. Droughts are often terminated by rainstorms or
 
hurricane floods which are conducive to rapid soil erosion and sediment
 
discharge. Landfall hurricanes on St. John have an estimated recurrence
 
interval of five per century (Mills et al. 1964). Most sediment in
 

fluvial systems is transported during short periods of infrequent storms.
 

Consequently, flood deposits are likely to have sharp lithologic changes.
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OBJECTIVES
 

This study aims to determine if the sediment deposits of the
 
mangrove swamp and salt pond contain an 
interpretable record of long
term changes in response to natural processes and human disturbance in
 
the watershed. 
This broad objective resolves into four sub-objectives:

(1) to determine if the record of sediment accumulation is ordered in
 
time, forms horizons and is sufficiently complete for stratigraphic and
 
geochronologic analyses; 
(2) to determine what constituents are
 
preserved in the deposits that bear a relation to watershed source; 
(3)

to date horizons that exhibit a significant vertical change in
 
composition or 
lithology and to determine the rate of sedimentation
 
between dated horizons; 
(4) to document the sedimentation impacts on the
 
salt pond and mangrove systems.
 

RATIONALE AND APPROACH
 

An initial premise for study is 
that the mangrove swamp and salt
 
pond systems are essentially closed systems and sinks for sediment
 
supplied from their watersheds. This is 
likely because they are near,
 
or slightly below, the fluvial base level and 
they lie behind barriers
 
protected from wave action. 
 Additionally, submergence by the relative
 
rise of sea level in 
the past several thousand years enables sediment to
 
accumulate and be preserved. 
Data on submergence is provided in a
 
subsequent section. 
Therefore, depositional processes in the sinks
 
should produce an accumulation of sediment that is ordered in time.
 
Further, the deposits should naturally archive the time history of
 
sediment input that varies with climate, streamflow, vegetal cover, and

watershed land use. 
 Changes in accumulation rate of watershed-derived
 
sediment in the sink are 
likely proportional to changes in the watershed
 
sediment input. 
The resulting changes in the deposits therefore, can be
 
keyed to prospective causes 
in the watershed. In some instances these
 
are known from historical information or can be determined from pollen

analyses. Instead of comparing volume or mass 
of sediment in the sink
 
with that of source in a mass balance context, this study deals with
 
changes in rates of sedimentation. Therefore, it is 
an inverse solution
 
to detecting historical changes in the watershed. 
The approach focuses
 
on long-term changes recorded in cores at time-scales of centuries 
to a
 
few millennia. It provides 
a means to explore whether present rates are
 
unique or continuous with the past, unidirectional or cyclic. 
 The
 
approach is a potential research strategy that can strengthen watershed
 
management and development of a Biosphere Reserve on 
St. John.
 

Success of the approach depends on 
several initial assumptions. It
 
assumes direct delivery of sediment from the 
source to the sink without
 
extensive storage or secondary erosion from stream valleys. 
 Further,

it assumes that watershed-derived sediment in the sink 
can be differen
tiated from sediment produced in the sink. 
It assumes that sedimentary
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components are preserved in the deposits and that they are free of post
depositional redistribution and extensive mixing. The validity, or
 
fallacy, of these assumptions is indicated by results of this study.
 

Pollen grains from terrestrial plants are particularly useful for
 
stratigraphic and geochronologic studies. They enter coastal sinks from
 
the atmosphere and are transported like fine sediment, eventually
 
deposited, buried and preserved in sediment deposits. Once diagnostic
 
pollen assemblages or species ratios are determined, the vertical change
 
of pollen composition in the deposits can be linked to changes in the
 
history of a watershed vegetation, which is associated with changes of
 
land use. If the time of the land use change is known from historical
 
information, then pollen horizons provide a means to date the deposits.
 
Once dates are assigned to pollen horizons, or acquired by radiometric
 
dating, then sedimentation rates can be determined between dated
 
horizons. The relative concentration of pollen per unit volume between
 
dated horizons indicates the relative rate of sedimentation, assuming
 
constant input of major marker pollen. Because the range of radiometric
 
isotope analyses is limited, pollen analyses is the chief means of
 
dating deposits in the time span of about 80 to 400 years before the
 
present (B.P.).
 

The geochronologic and stratigraphic approach employing pollen
 
analyses has been successful for detecting effects of land use on small
 
lakes, for example, Davis (1976) and Haworth et al. (1984), and in
 
estuaries, Brush (1984); Brush and Davis (1984). Application to other
 
coastal systems and to subtropical environments remains to be explored.
 

METHODS
 

Field Methods
 

The thickness of soft or loose sediment above a firm base or layer
 
in the deposits was determined by manual probing with a 4.3 m length
 
steel rod. Depths of refusal to penetration and thickness of interlayers
 
along transects or at points were noted and recorded. 

Borings were made at selected stations with a Davis peat sampler.
 
This is essentially a small piston corer that takes 30 cm long sections
 
in a 3.8 cm diameter core barrel. By adding extensions, relatively
 
undisturbed replicate cores (2 to 4) were obtained to 2.6 m depth.
 

Short cores were obtained by driving a 7.6 cm diameter PVC pipe into
 
the sediment to depths of 53 cm. Replicate cores were cut lengthwise,
 
photographed, X-rayed for structure and subsampled at 1 to 3.8 cm
 
intervals for analyses of water content, grain size and coarse fraction.
 
Other subsamples were frozen for geochemical and radiometric analyses.
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Stations were positioned by pacing, ranging and compass bearings

using topographic maps and aerial photographs for base reference.
 

Laboratory Methods
 

In the laboratory, water content was determined gravimetrically by
 
weight loss on drying following procedures of Dawson (1959).
 

Davis cores were examined under a binocular microscope noting the
 
gross lithology, color, relative firmness, minor structures and
 
composition including organic and carbonate content. 
Subsamples were
 
washed over a 63p size sieve to 
separate sand and mud. 
The fine fraction
 
was 
further analyzed for silt and clay content by pipette following

Folk (1961). 
 The coarse fraction was analyzed for composition of
 
components by a frequency count of at least 200 grains under a binocular
 
microscope.
 

The chronoiogy of the lower core 
section was determined by assaying

horizons for radiocarbon activity. The radiocarbon ages reported here
 
were made by Geochron Labs and Beta Analytic using the C02 method. 
The
 
material reportedly was pretreated by first removing rootlets and
 
concentrated by dispersion in a large volume of water whereby the clays

and organic matter were eluted away from any sand and silt by decanta
tion. 
The clayey organic fraction was then dispersed in dilute HCl to
 
remove carbonates, filtered, washed, rinsed to neutrality, dried and
 
roasted in oxygen to 
recover carbon dioxide from the organic matter.
 
All counting was normal and sample size was adequate. In collecting

samples for radiocarbon analysis, efforts were made to avoid contamin
ation following handling procedures of Polach and Golson (1966). 
 To
 
minimize errors due to compaction,samples were initially obtained near
 
the top of an alluvium base. Subsequent samples were obtained to avoid
 
sediment disturbance, physical mixing and root contamination. All ages

are calculated using a half-life value for C-14 of 55% and stated in
 
years before the present, 1950 A.D. (B.P.).
 

The 13 7Cs activity of near-surface sediment was determined by gamma

ray counting using a lithium-drifted germunium detector and multichannel
 
analyzer. The 1 3 7Cs radio-isotope is a product of nuclear weapon

testing and fallout activity. The sediment chronology is derived from
 
activity peaks in vertical profiles assuming the first appearance of
1 3 7Cs coincides with 1950 and peak activity represents 1963, the year of
 
peak nuclear testiig.
 

Pollen was extracted at the Johns Hopkins University following basic
 
procedures of Fraegriand Iversen 
(1969). In brief, this involves first
 
weighing a 1.5 ml subsample wet and dry and then treating it with dilute
 
hydrochloric and hydrofluoric acid. 
 The samples were then acetylyzed

using a mixture of sulfuric acid and acetic anhydride. Following

extraction the entire residue of the sediment used was stored in 25 ml

of tertiary butyl alcohol, Aliquot- of the stored residue (0.1 ml) were
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mounted in silicone oil on microscope slides. The slides were examined
 
for pollen at 400 x magnification with counts of 150 or more. Values
 
for total pollen are expressed as concentration, number per gram dry
 
sediment and individual types as percentage of total pollen. Average
 
rates of sedimentation in cm/yr were obtained by dividing the length of
 
the core between the dated horizons by the number of2years between the
 
horizons. Mass rates of sediment accumulation, g/cm /yr, were calculated
 
by dividing cumulative dry weight of sediment between the dated horizons
 
by the number of years. Additionally, pollen concentrations in the
 
sediments were used to calculate sedimentation rates for individual
 
increments of the core. The average sedimentation rate was adjusted
 
according to the concentration of the pollen in the sediment. by assuming
 
that the average pollen concentration in the cores is proportional to the
 
long-term average sedimentatcon rate. Therefore, changes in sedimentation
 
rate for a singrle increment, x, can be estimated by dividing the average
 
pollen concentration, 7, by the pollen concentration in a single increment,
 
Pi, and multiplying by the average sedimeitation rate (obtained from radil
carbon dates), Ms, as follows:
 

X - . s 
Pi 

RESULTS
 

Thickness
 

The thickness of soft deposits lying above a firm base, which is
 
usually alluvium, is illustrated in Figure 1. Thickness in central
 
reaches of Reef Bay swamp is greater than 4.0 m and landward of the
 
barrier it attains 4.3 m. Thickness decreases landward toward the west
 
stream entrance. Near station 5 interlayers of shell and sandy gravel
 
are encountered between 1.6 and 2.7 m depth. In Mandal Pond the fill of
 
soft sediment ranges from more than 3.1 m thick in central reaches to
 
1.0 m and 1.2 m in landward and seaward zones. Cores from station 1 and
 
2 reveal that the firm base is alluvium.
 

Depositional Units
 

By examining the gross lithology of cores that penetrate the deposits
 
beneath the Reef Bay mangrove swamp, four units are recognized:
 

1. 	Alluvium, the deepest and most landward unit consists of poorly
 
sorted gravelly clay or mixturas of sand and clay with angular rock
 
and quartz fragments. A few fragments are iron-stained or weathered.
 
The sediment is non-calcareous and structureless except for root
 
structures r:hat depart a mottled appearance of dark grey in a matrix
 
of light grey.
 

2. 	Lagoonal, the central unit in lower core sections consists of dark
 
grey silty clay with abundant organic debris. Shell layers are
 
pronounced and fossil fauna is abundant. The shells consist of
 
oyster, clam, mussels and lagoonal foraminifera including species of
 
Streblus and Nonionella.
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3. 
Mangrove peat, an intermediate unit at mid-depth, is the most
widespread unit. 
 It is dark brown or rec~dish brown and spongy

in consistency. 
Fauna is scarce except for a few 
arenaceous

foraminifera. 
Organic debris, roots and leaves dominate. Since
living red mangroves normally inhabit the lower intertidal zone,
this peat is 
a good reference of former sea level positions.
 

4. Swamp clay, the topmost unit is inhabited by white mangrove.

consists of dark grey silty clay with one 

It
 
to five percent organic
debris. 
 A few arenaceous foraminifeia are present. 
The clay is
 very firm and structureless except for light grey color mottles.


This sediment is likely deposited in ponded water following

periods of high stream inflow.
 

Stratigraphic Relations
 

When the buried depoitional units 
are compared from core 
to core in
a section with distance seaward from the alluvial lowland, vertical and
lateral relationships are displayed as shown in Figure 2. 
The most
significant features are: 
 (1) Along the seaward edge of the alluvial
lowland, core 
4, alluvium overlies mangrove peat in 
a seaward prograding
relationship. 
(2) Buried mangrcve peat in core 
4 between 1 and 2 m depth
overlies alluvium in 
a transgressive relationship, a trend indicating
that peat extended farther landward in the past. 
(3) In central reaches,
core 3, lagoonal deposits are 
replaced upward by mangrove peat and then
by mangrove swamp clay. 
 This change denotes shoaling conditions.
 

I NE Alltivium Mrrrve$im\erk
 

01amp M3, o 5b 5a SW 

c I 

2 
1690". 

Figure2 ta r 7icog fs sh n m-eajsore 
l a g o o n a- de p o s i tsoer r d n . b o e s 
.. .____-.- - - _ .- -,,- -... . ..'.:' '..'. 

deoiioanis
5'0 eltoshpand radocaboloom age 

Figure 2. Stratigraphic section through Reef Bay deposits showing major
depositional units, relationships, and radiocarbon age.
 

(4) Along the landward edge of the barrier, 
cores 5a, 5b, mangrove peat

overlaps barrier sediment near the surface whereas barrier sediment

underlies peat at depth. 
 The overall relation is a slight onlap of
lagoonal deposits over barrier sediment. At intermediate depths tongues
of barrier sediment locally protrude into lagoon deposits in 
a relation
 
indicative of storm washovers.
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Submergence
 

Changes in the elevation of sea level relative to the land over
 
hundreds to several thousand years may be inferred from radiocarb n
 
dates of the peat. This assumes that formation of the peat has occurred
 
in the intertidal zone and that mean range of the tide ha-
 been the same
 
during the time span under consideration. Prior study of the Mangrove
 
Lagoon, St. Thomas, by Nichols et al. (1977), shows that the elevation
 
of red mangrove is close to 
(±8cm) mean low water referred to local
 
tidal datum, a site where the mean range is 27 cm. Although part of the
 
mangrove peat may have developed in ponds isolated from the tide, which
 
are subject to seasonal changes of pond level produced by precipitation
 
and drought, over the long term the peat level is likely linked to sea
 
level rise. 
The data obtained from radiocarbon age determinations of
 
peat and organic debris contained in near-basal strata, which is
 
relatively free of compaction effects, is illustrated in Figure 3.
 
Depths are corrected to approximate mean low water level. Table 1 lists
 
the age and depth of samples analyzed. The data are relatively consis
tent in indicating a continuous rise of sea level since 3,300 years B.P.
 
at a rate of 0.08 cm/yr.
 

AGE, Years B. P 
4,000 3,000 2,000 1,000 0 Approx.

0 MLW 

7 

71.0 
E
 

7a. 
32.0-


Reef Bay3.
 

Mandal Pond 

4.0
 

Figure 3. Radiocarbon age and depth below approximate mean low water of
 
samples from Reef Bay, dots; and Mandal Pond, triangles. 
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Table 1. 
Age and Depth of Samples Dated by Radiocarbon Analyses
 

Sample 
Field 

Lab Number 
Midpoint 

Depth 
Below 

Sediment 

Surface. 
m 

Midpoint 

Depth Character of 
Below Material 

Approximate 

Low Water, 
m 

Age 
Years B.P. 

lb Beta-19521 0.35 0.99 Organic 560 ± 90 

fragments 
in silty 
clay 

lb Beta-18849 0.53 1.17 Organic 880 ± 120 

debris in 
silty clay 

1 Geochron-GX12606 2.39 3.03 Organic 3,300 ± 165 

peat 

debris in 
clay 

2 Beta-18848 1.24 1.88 Organic 2,090 ± 110 

fragments 
in sandy 
clay 

3b Beta-19522 0.36 0.66 Peaty clay 530 ± 60 

3 Beta-18847 1.09 1.39 Peat 1,170 ± 100 

3 Geochron-GX12607 1.73 2.03 Peaty clay 1,430 ± 80 

4 Geochron-GX12608 1.74 1.54 Peat 1,830 ± 140 

4 Geochron-GX12609 2.82 2.62 Organic 3,085 ± 135 

fragments 
in clayey 
gravel 

5b Beta-19524 0.50 0.72 Peat 720 ± 60 

5a Beta-19523 1.45 1.67 Peat 1,690 ± 90 
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Sedimentation Rates
 

Radiocarbon dates also provide valuable information on the rate of
 
sedimentation assuming sediment accretion is vertical. Because the
 
sediment is dominately fine-grained and subject to compaction with
 
time as accretion proceeds, the sediment volume deposited between
 
ddted horizons is converted into weight per unit area. This avoids
 
the uncertainties of compaction inherent in the use of thickness
 
(cm/yr) as an expression of rate of sedimentation. The conversion
 
starts with the average water content on a dry weight basis between
 
the dated core horizons. Then the porosity is determined and in turn
 
the percentage volume of solid grains assuming a grain density of 2.65
 

3
g/cm 3 for sand, silt and clay, and 1.3 g/cm for peat. Subsequently,
 
the product of the percentage volume of solid grains and the grain
 
density times the sedimentation rate in cm/yr, yields the sedimentation
 
,:ate in g/c 2 /yr.
 

The sedimentation rate derived for Mandal Pond averages 0.042
 
g/cm 2 /yr whereas for central reaches of Reef Bay swamp (cores 3 and 4) it
 
averages 0.082 g/cm 2/yr, two times greater (Table 2). Relatively young
 
material from the upper part of Mandal Pond core 1 has about the same
 
sedimentation rate as older material from the lower part of the core.
 
However, in relatively young material from cores 3 and 4 in Reef Bay
 
swamp, the rates are faster than for older material in lower parts of
 
the cores, a fivefold increase in core 4. The young material in core 4
 
however, does not allow determination of an age younger than 1830 years
 
B.P. because it is mixed by land crabs and lacks organic matter.
 
Radioactivity of 1 3 7 Cs for surface material is relatively low, 0.1817
 
pci/g, indicating an age older than 35 year7s.
 

Sediment Characteristics
 

The results of textural and compositional analyses for core 1,
 
Mandal Pond, are shown in Figure 4. Sand, silt and clay percentages
 
vary within narrow limits, mainly 8%, 23% and 69% respectively. Water
 
content diminishes from a peak of 92% in "soupy" surface sediments to
 
41% in relatively firm sediment at 65 cm. Organic content is relatively
 
low, less than 2% dry weight, except of thin layers and laminae at 0-2,
 
40-41, 51-57 and 111-121 cm depth that are enriched 5% or more. Most of
 
the enriched layers are in the form ot algal deposits whereas elsewhere
 
detrital fragments of leaves, twigs and seeds are common. Algal laminae
 
are prominent and interlayered with carbonate sand layers in bands 1 mm
 
to 2 cm thick between 200 and 260 cm depth.
 

The coarse fractions, i.e. sand fractions more than 6211, consist of
 
calcium carbonate particles, quartz and feldspar, organic detritus and
 
shells or tests of microfossils including ostracods, foraminifera,
 
diatoms and gastropods. Although the coarse fractions generally make up
 
less than 10% of the total sample by weight, they are a useful indicator
 
of changes in pond conditions or sediment input. Carbonate particles
 
make up higher percentages of the coarse fractions in the upper 60 cm and
 
lower 90 to 260 cm of core 1. The distribution of carbonate percentage
 
displays a peak at the 25 cm depth, an estimated date of 1600 A.D.
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Table 2. Sedimentation rates 
for cores from Mandal Pond and Reef Bay
 
mangrove swamp based on radiocarbon age determinations.
 
Average is integrated average from zero age to oldest age.
 

Core Depth Age 
 Sedimentation Sedimentation

Number Interval, cm Span, yrs Rate, cm/yr 
 Rate, g/cm2/yr
 

lb MP 0 - 35 560 0.063 0.032 
lb MP 
1 MP 

1 Average 

35 

53 

0 

- 53 

- 239 

- 239 

320 

2,420 

3,300 

0.056 

0.077 

0.072 

0.027 

0.037 

0.042 

2 MP 0 - 124 2,090 0.059 0.030 

3b 
3 

3 

RB 
RB 

RB 

0 
36 

109 

-
-
-

36 
109 

173 

530 
640 

260 

0.068 
0.114 

0.246 

0.056 
0.069 

0.048 
3 Average 0 - 173 1,430 0.119 0.064 

4 
4 

RB 
RB 

0 
174 -

174 
282 

1,830 
1,255 

0.092 
0.088 

0.173 
0.032 

4 Average 0 - 282 3,085 0.091 0.101 

5b RB 

5a RB 
5a Average 

0 - 50 

50 - 145 
0  145 

720 

970 
1,690 

0.069 

0.098 
0.086 

0.016 

0.014 
0.011 

MP is Mandal Pond; RB is Reef Bay mangrove swamp.
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(Figure 4) whereas in more recent time percentages are less. The
 
carbonate is likely produced by precipitation in the pond or in
 
near-surface sediment during periods of drought and high evaporation.
 

Microfossils are dominated by ostracods throughout core 1.
 
Percentages are more than 20% in silty clay zones in lower parts of the
 
core, for example at 148 cm, 185 cm and 215 cm. Foraminifera tests are
 
abundant in lower parts of the core, 145-250 cm depth, but absent or
 
scarce in upper parts above 145 cm. In contrast, gastropods, mainly
 
species of Assiminea succinea or Littoridina sphinctostoma, make up
 
about 0.5 to 1 percent of the coarse fraction in the upper 90 cm or last
 
1,400 years. At the 35 to 42 cm depth they form a distinct horizon with
 
percentages of 1 to 6%.
 

Coarse fraction composition in cores from Reef Bay is characterized
 
by large percentages of organic debris and less than one percent
 
carbonate. Quartz, feldspar and rock particles make up 2 to 11 percent
 
of the particles. The upper one meter of sediment is devoid of
 
microfossils except for a few arenaceous foraminifera. Below one meter,
 
in a zone including the lower lagoon deposits, shell, ostracods and
 
calcareous foraminifera are present in addition to traces of coral
 
debris.
 

Pollen grains in core I, Mandal Pond, are preserved in the sediment
 
and they are relatively abundant and diverse. Fifty-one different
 
types are tentatively differentiated and classified according to morpho
logical characteristics. Pollen descriptions by assigned artificial
 
names are given in Appendix I. A minimal number of only four types irregu
larly increases upward in the core from 16.5 cm reaching 15 in surface
 
sediment. Between 24 cm and 50 cm depth, or 1600 to 1150 A.D., five to
 
twelve types occur. The trends in the upper 50 cm of core 5 from Reef
 
Bay, are similar to these in core 2 from Mandal Pond.
 

The abundance of pollen grains in core 1 ranges 5,200 to 29,000
 
grains per gram of sediment per square centimeter (Figure 4). The
 
concentrations are minimal at the 16.5 to 17.0 cm depth, an estimated
 
time 1720 A.D. The abundance irregularly increases upward in the core
 
reaching a peak at 3 to 3.5 cm depth or about 1930 A.D. (Table 3).
 
Pollen abundance in core 5, from Reef Bay, is similar to core 1 except
 
the upward increasing concentrations begin at the 50-51 cm depth
 
(Table 4).
 

An extremely abundant, small (12 to 16 microns) smooth spheroidal
 
pollen grain with no apertures occurs in sections of the core from
 
Mandal Pond, but was virtually absent from Reef Bay. This taxon may
 
belong to members of Cupressaceae which includes the genus Juniperus.
 
An abundance of this component is found in core 1 between the 15.5 and
 
40.5 cm depth. The most abundant pollen type with the widest
 
stratigraphic range is a tricolporate pollen grain in the J-group, which
 
may include the genus Rhizophora (red mangrove). Pollen type D-4
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Table 3. 


Depth cm 


Top 


1.5-2.5 

2.5-3.0 


3.0-3.5 

3.5-4.0 


4.0-4.5 


11.0-11.5 


11.5-12.0 


15.0-15.5 


15.5-16.0 

16.0-16.5 

16.5-17.0 


17.0-17.5 

17.5-18.0 


18.0-18.5 


18.5-19.0 
19.0-19.5 
19.5-20.0 

23.0-23.5 
23.5-24.0 

29.5-30.0 

40.5-41.0 


50.5-51.0 


Pollen data from Core 1, Mandal Pond, in 
terms of abundance, average and adjusted

sedimentation rate. Average sedimentation rates based on 
14C dates at 35 cm
 
(560+90yrBP) and 52 cm (880+120yrBP).
 

Dry (bulk) 
 Average Adjusted

density 
 Pollen accumulation sedimentation sedimentation
 

2 
 2
g sed/cc no/sq cm no/g sed/sq cm
 rate cm/yr rate cm/yr
 

0.502 6167 12285 0.06 0.06
 
0.438 3167 
 7230 0.06 
 0.12
 
0.457 11667 25529 0.06 0.03
 
0.511 15000 29354 0.06 0.02
 
0.452 8000 17699 0.06 0.05
 
0.473 9333 19732 0.06 
 0.04
 

--- 5000 
 --- 0.06 0.08 
0.487 3333 6845 0.06 0.11
 

0.511 2667 5218 0.06 0.14
 
0.557 
 8667 15559 
 0.06 0.04
 
0.546 7000 12820 0.06 
 0.05
 
0.449 2333 5197 0.06 0.16
 
0.521 3333 6398 0.06 0.11
 
0.607 5000 
 8237 0.06 
 0.08
 
0.405 8000 19753 0.06 0.05
 
0.461 12333 26753 0.06 
 0.03 
0.535 4000 7477 0.06 
 0.10 
0.354 5667 16008 0.06 
 0.07 

0.359 3333 9285 0.06 
 0.11 
0.551 7000 12704 
 0.06 0.05 

0.550 4000 7273 
 0.06 0.10 

0.577 4000 6932 
 0.05 0.06
 

0.414 
 6000 14492 
 0.05 0.04
 



Table 4: 
 Pollen data from Core 5, Reef Bay, in terms of abundance, average and adjusted

sedimentation rate
 

Dry (bulk) 
 Average Adjusted
Depth density 
 Pollen accumulation 
 sedimentation 
 sedimentation
 
cm g sed/cc no/sq cm no/q sed/sq cm rate cm/yr rate cm/yr
 

0-1 0.4731 6333 
 13387 
 0.07 
 0.05
1-2 0.4465 
 5833 13064 
 0.07 

2-3 0.5135 5000 9737 0.07 

0.05
 
0.06
3-4 0.3129 
 4750 15180 
 0.07 
 0.06
 

20-21 0.3625 
 3833 10575 
 0.07 
 0.08
 

40-41 0.3225 3000 
 9302 
 0.07 
 0.10
 

50-51 0.3192 2167 
 6788 
 0.07 
 0.14
 



which resembles the grass Sparganium (burreed) is common in sediments 
from Reef Bay, but is found only rarely in Mandal Pond sediments.
 
H-4, which resembles pollen of Quercus (oak) is common in Mandal Bay,
 
but not in Reef Bay, core 5.
 

Rates of sedimentation based on the concentration of pollen between 
radiocarbon dated horizons and the surface are shown in Figure 4, Tables 
3 and 4. Whereas the average rates are 0.06, 0.05 and 0.07 cm/yr in 
Mandal Pond, core 1, the adjusted rates are highly variable ranging from
 
0.02 to 0.16 cm/yr in the upper part of the core, and from 0.03 to 0.24
 
cm/yr in the section of the core from 200 to 300 cm. 
 In core 1, Mandal
 
Pond, the most orominent feature is 
a peak, 0.16 cm/yr, at the 16.5-17.0
 
cm depth, or an estimated age of about 1720 A.D. 
 Near-surface sedimenta
tion rates are similar to those at depths of 11 to 15 cm as well as those
 
at 16.5-17.5 cm, and 19-19.5, 29.5-30 cm.
 

The average rate is 0.07 cm/yr in 
core 5 from Reef Bay, with adjusted
 
rates ranging from .05 to 
.14 cm/yr. Rates in Reef Bay decreased in
 
recent years relative to Mandal Pond.
 

INTERPRETATION
 

The results show that deposits accumulating in the coastal sinks meet
 
most of the requirements for stratigraphic and geochronologic analyses. 
Many of the assumptions noted in the approach hold. That the record of
 
sediment accumulation is ordered in time is revealed by the radiocarbon
 
age versus depth plot whereby points follow a linear trend. This trend
 
not only holds for near-basal material from core to core (Figure 3) but
 
for material from mid-depths in individual cores except for peat deposits

of core 3, 1.5 to 2.0 m depth. This peat is subject to compaction because
 
of its high initial water content. Therefore, peat of a certain age lies
 
below the depth at which it was originally produced. The cores do not
 
exhibit discontinuous contacts between layers or depositional units
 
indicating hiatuses. Instead, most contacts 
are gradational and surface
 
sediments are continuous with deposits of the recent past.
 

Although the deposits lack distinct stratification and appear
 
homogenous, except for banding in the lower part of core 
1, analyses

reveal that horizons are present. They are evident in 
some of the X-ray

radiographs as subtle changes of tone which reflect changes of sediment
 
density associated with variations of sediment compaction, texture and
 
composition. 
Some horizons consist of an abundance of gastropods; others
 
consist of organic layers, changes in the ratio of carbonate to quartz
 
and feldspar grains and vertical changes in the abundance and composition

of pollen types. Sediment mixing therefore, must proceed within narrow
 
vertical intervals, except for the upper part of Reef Bay core 4 which is
 
heavily bioturbated by land crabs.
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Preservation of sedimentary components in the deposits is relatively

good. Although pond-produced algal layers diminish just below the sur
face in core 1, peat is preserved in layers 1 to 2 m thick in cores from

Reef Bay. 
Carbonate grains are preserved throughout cores 1 and 2 despite

the anoxic and reduced state of the sediment indicated by the black and

dark grey color. The vertical variations of percentage carbonate grains

likely result from variations in dilution of carbonate by input of
 
terrigenous clay and in supply of carbonate by precipitation from pond
water or sediment pore water. Precipitation can be induced by excess
 
evaporation during drought. 
Alternately, precipitation can be caused by

contact of calcium-rich fresh water with saline pond water during fresh
 
water inflow. Post-depositional carbonate dissolution is likely limited

because ostracod valves occur throughout pond cores 1 and 2. Pollen grains

are not only preserved in the deposits but bear a relation 
to watershed
 
sources. 
 Many types of pollen, other than mangrove types produced in 
or

around the swamp and pond, occur in the deposits. Of note is the increase

of diversity since about 1600 A.D., 
the variable number of types during

the "sugar era", and the marked increase of diversity since about 1850
 
A.D. which is evidence of additional species introduction.
 

Clay is the chief sediment supplied from the watershed. Sand and

gravel layers indicative of intense stream flooding caused by hurricanes
 
are limited to the lower part of core 
1, below 214 cm. Although the
watershed source of the clay has not been confirmed by mineralogic

analyses, supply from marine 
areas is unlikely since marine clay sources
 
are unknown and the systems are 
largely isolated from the sea. Clay

content increases upward in 
core 1 about 17 cm depth, or since 1690 A.D.,

a trend paralleling higher coarse 
fraction percentages of quartz and
 
feldspar. 
Some of the feldspar grains are angular and weathered

indicating a watershed source. 
 In Reef Bay core 3, clay content is high,

68-78%, in near-surface sediment about 90 cm depth. 
Watershed influence

in recent years is also evidenced by stratigraphic relationships in cores
 
3 and 4 whereby alluvium overlies peat and progrades seaward over swamp

clay. 
 These deposits however, include accumulation during both pre
settlement and post-settlement periods.
 

The long-term change in thickness of the deposits, 
core lithology,

sediment composition, stratigraphic relations and in radiocarbon
 
chronology are part of the natural evolution of the system. 
However,

the rate and degree of evolution vary with location. Both Mandal Pond

and Reef Bay mangrove swamp occupy valleys excavated by ancestral streams
when sea level was lower prior to 3,000 years B.P. 
 The streams likely

flowed through valleys to a shoreline located farther seaward than at
 
present. 
 By 3,000 years B.P., the global sea level rise inundated the

valleys forming a narrow estuary at Mandal and an embayment at Reef Bay.

Longshore drift of material 
across entrances to these systems formed

spits or barriers, thus partly isolating them from the sea. At Mandal a

pond formed though it must have had intermittent exchange with the sea

allow introduction of marine microfauna. 

to
 
At Reef Bay a lagoon formed


with an open connection to the 
sea allowing lagoon fauna and occasional
 
introduction of reef debris.
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Continued rise of 
sea level after 3,000 years B.P. flooded and
 
enlarged both systems. At Mandal Pond the enlargement is maintained
 
today since the rate of sea level rise proceeds faster than the rate of
 
sediment infilling. If the pace of infilling and sea level rise continue,
 
the pond may be expected to increase its present water depths and continue
 
its natural condition. In contrast, enlargement of Reef Bay lagoon was
 
arrested about 2,000 years B.P. by growth of mangroves and lateral
 
infilling. The infilling consisted mainly of mangrove peat which likely
 
segmented the lagoon into ponds and thus reduced tidal exchange and
 
promoted barrier growth further isolating the system. By about 1000
 
years BP. isolation from the sea was nearly complete and vertical
 
sedimentation reached an elevation that converted the red mangrove
 
habitat to a black and white mangrove habitat. Peat development was
 
replaced by silt and clay from the watershed and alluvium prograded into
 
the swamp further reducing the swamp 'Aze,drainage and capacity to
 
absorb and store sediment. Owing to the erratic nature of flood discharges
 
near base level, the depocenter or focus of sedimentation within the
 
system has likely shifted with time and location. Low zones behind the
 
barrier and eastern reaches must receive some accumulation while western
 
reaches, which are very shallow, likely by-pass part of the clayey
 
sediment load into Reef Bay during high freshwater discharge. In summary,
 
the long-term pace of infilling in landward zones of Reef Bay swamp in the
 
last 2,000 years has slightly exceeded the pace of sea level rise. Today

the swamp is at the brink of extinction. It is no wonder that the swamp
 
is stagnant and mangrove stands are dying or dead.
 

The influence of human activities on sedimentation rates in the upper
 
part of cores from Reef Bay is slight compared to the long-term natural
 
variations over 3,000 years. Although rates at Reef Bay are one 
and
 
one-half to two times greater than at Mandal Pond, the ratio of pond sink
 
area to watershed area is much smaller (0.01) compared to Mandal Pond
 
(0.07). Therefore,the relative storage capacity of Reef Bay swamp is 
less
 
per unit area of watershed than Mandal Pond. 
 The most marked increase in
 
sedimentation rates is noted in the upper part of core 4 but short-term
 
changes cannot be separated from the long-term trends at present. Core 5
 
reveals little change in sedimentation rate over the last 350 years. It
 
is evident however, that release of upland sediment during the sugar era
 
did not eliminate the mangrove swamp though it may have accelerated
 
sedimentation in some sectors.
 

A speculation is that sediment released by sugar agriculture may have
 
been partly stabilized in terraces near its source. Another part may be
 
stored in the stream valley behind plantation impoundments, boundary line
 
walls or in alluvial bars. 
 That is, the main "wave" of sugar era sediment
 
may be stored in the valley fcr decades or a century, until the next large
 
hurricane capable of eroding it again and transporting it into the coastal
 
sink. This threat is especially critical because the mangrove swamp is
 
nearly filled with sediment and offers little buffering capacity against
 
massive flood inputs. Thus, despite man's concern the system appears
 
doomed as a long-continued natural mangrove swamp. With its demise will
 
come a further contraction in the remaining coastal resources of the
 
Biosphere Reserve. 
Only a major effort can hope to arrest the decline
 
and,in turn, conserve nearshore coral reefs.
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MANAGEMENT STRATEGIES
 

Since one of the aims of developing a Biosphere 2eserve on St. John

is to provide a scientific basis 
for managing the Reserve, several
 
strategies are 
offered to illustrate prospective application of
 
results. 
 It is assumed that maintaining the integrity of St. John's
 
nearshore coral reefs is of priority importance.
 

1. 	Manage from an evolutionary baseline. 
Despite man's historical use
 
of the watershed at Reef Bay (Tyson, 1986) 
and 	possible "mismanage
ment", the 
findings indicate no massive sedimentation effect. From
 
the perspective of a century and millennium time scale, man's
 
activity in the watershed and resultant change in coastal systems

are part of a long-term evolutionary process. Therefore, the Bio
sphere Reserve needs to be managed essentially as a "natural area"
 
rather than managed "back" toward pristine conditions. Human
 
management efforts can 
relieve stress temporarily on coastal
 
ecosystems and postpone daitage 
to coral reefs, but evolution of

the systems is likely, to continue so long 
as rate of sedimenta
tion exceeds the global rise of 
sea level. The following strate
gies therefore are 
offered to slow the pace of natural processes

rather than to interrupt or 
reverse their direction.
 

2. 	Manage to improve entrance exchange. Although both systems have
 
former man-made channels 
to the sea, these are clogged by mangroves,

and 	littoral drift. As a result, swamp water is 
stagnant and pond,
 
water "dead" especially during periods of drought and lzw water.
 
Subaerial exposure and hypersalinity place an 
added stress on the
 
swamp system, one 
that has already lost its vitality at Reef Bay.

Any measure 
that would open the existing channels and create a

"valve" to control exchange with the 
sea 	during extreme conditions
 
would be of benefit. The valve is needed not only to reduce sub
aerial exposure during drought but 
to retain fine sediment during

floods by "ponding" water and sediment and thus mitigate the 
threat
 
of sedimentation on coral reefs. 
 A small effort could produce a
 
large improvement and help postpone the 
long-term consequences.
 

3. 
Manage to stabilize bottom sediments. Although Mandal Pond has 
a
 
capacity to absorb more watershed sediment, shoaling water depth

allows wind waves to resuspend clayey bottom sediment and render
 
the wate.: turbid. Contact sports such as 
water skiing would
 
amplify turbidity. 
Turbidity reduces light penetration as well as
 
growth of benthic algal that stabilize 
the bottom sediments.
 
Resuspension can be minimized ty any measure 
that will calm the
 
water for longer periods, and zeduce wave 
fetch. Benthic algal

growth can be encouraged by improving light penetration.
 

4. 	 Manage to control sediment input at its source. Since the Reef
 
Bay swamp has 
little capacity to absorb and store sediment, it is
 
important to minimize man-produced sediment sources, i.e. 
to
 
stabilize sediment near its 
source in the watershed, in stream beds,
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on exposed banks and alluvial slopes. Former impoundments and retaining
 
walls that are eroded through, or back-filled to capacity, should be
 
renovated. Vegetation types with good stabilizing capability should be
 
encouraged. Techniques are provided by Black, Crow and Eidsness, CH2M
 
(1979).
 

CONCLUSIONS
 

1. 	The record of sedimentation in the coastal sinks studied is ordered
 
in time and displays horizons defined mainly by vertical changes in
 
the composition of components.
 

2. 	Constituents of the sediment are relatively well-preserved.
 
Watershed-derived sediment is distinguished by the type of pollen
 
grains, the clay content, quartz and feldspar grains, and
 
stratigraphic relationship between alluvium and coastal deposits.
 

3. 	The sedimentary record of Mandal Pond atchives a time-history of
 
submergence by global sea level rise and infilling for 3,300 years.
 
Submergence exceeds infilling and the pond may be expected to persist.
 
Composition of the deposits changes with respect to percentages of
 
clay, carbonate and organic content in response to changes of
 
watershed and pond-produced sediment input. These changes are likely
 
caused by alternate wet and dry periods varying irregularly over time
 
spans of 20 to 500 years.
 

4. 	Surface sediments of the pond are not unique but exhibit character
istics similar to those deposited over the last 100 years. Sedimen
tation rates for the last 300 years are relatively low and vary within
 
narrow limits, a feature consistent with the history of little human
 
activity in the watershed.
 

5. 	The sedimentary record of Reef Bay mangrove swamp reveals a history
 
whereby sediment infilling rates exceed submergence. Consequently,
 
depositional units change with shoaling and contraction in size of the
 
system over the last 3,000 years. They proceed from old alluvium to
 
lagoon deposits, to peaL, swamp clay and young alluvium.
 

6. 	Near-surface deposits on the landward edge of the swamp are changing
 
from swamp clay to alluvium as sedimentation rates in the last 1,800
 
years accelerated fivefold. Despite man's substantial historical
 
activity in the watershed, no massive effect of sedimentation on the
 
swamp is observed. Man's effects are small in view of the long-term
 
natural evolution.
 

7. 	If recent sedimentation rates continue or increase, the swamp is
 
doomed as a natural mangrove swamp. With its loss of storage
 
capacity comes a threat to nearshore reefs. Human efforts can only
 
postpone the long-term consequences.
 

22
 



LITERATURE CITED
 

Black, Crow and Eidsness, CH2M, 1979. 
 A sediment reduction program.

Gainesville, Florida contract report for the Government of 
the
 
U.S. Virgin Islands, 100 p.
 

Bowden, M. J. and Fischman, N., 1970. 
 Climate, water balance, and
 
climatic change in the Northwest Virgin Islands. 
 St. Thomas,

U.S. Virgin Islands, Caribbean Research Institute, 127 p.
 

Brush, G. S., 1984. 
 Patterns of recent sediment accumulation in

Chesapeake Bay (Virginia-Maryland, U.S.A.) tributaries. Chem. Geol.
 
44:227-242.
 

Brush, G. S. and Davis, F. W., 
1984. Stratigraphic evidence of human
disturbance in an estuary. Quaternary Research, 22:91-108. 

Cintron, G., Lugo, A. E., 
 Pool, D. J., and Morris, G., 1978. Mangroves

of xeric environments. Biotropica 10:110-121.
 

Davis, M. B., 
 1976. Erosion rates and land-use history in southern
 
Michigan. 
Environ. Conserv. 3:139-148.
 

Dawson, R. F., 1959. 
 Laboratory manual in soil mechanics. 
 Picman, New
 
York.
 

Douglas, I., 1967. Man, vegetation and the sediment yields of rivers.
 
Nature 215:925-928. 

Folk, R. L., 1961. 
 Petrology of sedimentary rocks. 
 Austin: Hemphill's;
 
Texas, 154 pp.
 

Fraegri, K. and Iversen, J., 1964. Textbook of pollen analysis. Haerner,
 
New York, New York. 

Gilbert, G. R., 1917. Hydraulic mining debris in the Sierra Nevada.
 
U.S. Geo. Survey Prof. Paper, 105 p.
 

Haworth, E. Y. and Lund, J., 
 1984. 
 Lake sediments and environmental
 
history. Minneapolis, University of Minnesota Press.
 

Hubbard, D. K., Stump, J. D., 
and Carter, B., 1985. Sedimentation and
 
reef development in Hawksnest, Fish and Reef Bays, St. John,
 
USVI. VIRMC Research Series, Subtask 6, 172 p.
 

Lugo, 4. E., Quinones, F., and Weaver, P. L., 1980. 
 Erosion and
 
sedimentation of Puerto Rico watersheds. 
Caribbean
 
Jour. Sci. 16:143. 

Lugo, A. E., Schmidt, R., 
 and Brown, S., 1983. Tropical forests in the
 

Caribbean. Ambio 
10:318-324.
 

23
 



Meade, R. H. and Trimble, S. W., 1974. Changes in sediment loads in
 
rivers of the Atlantic drainage of the United States since 1900:
 
Proceedings of symposium on the effects of man on the interface of
 
the hydrological cycle with thec physical environment; Paris, France.
 
Int. Assoc. Hydrol. Sci. Pub. 113:99-104.
 

McCall, P. L., Robbins, J. A., and Matisoff, G., 1984. 1 3 7Cs and 2 10 Pb
 
transport and geochronologies in urbanized reservoirs with rapidly
 
increasing sedimentation rates. Chemical Geol. 44:33-65.
 

Milliman, J. D. and Meade, R. H., 1983. World-wide delivery of river
 
sediment to the oceans. Jour. Geol. 91:1-21.
 

Mills, F., Lewis, L., and Hall, P., 1964. Hurricane data analysis for 20
 
Caribbean Islands, 1492-1963. Caribbean Research Institute, 15 p.
 

Nichols, M. and Towle, E., 1977. Water, sediments and ecology of the
 
Mangrove Lagoon and Benner Bay, St. Thomas, Tech. Report 1.
 
St. Thomas, Virgin Islands: Island Resources Foundation, 159 p. 

Polach, H. A. and Golson, J., 1966. Collection of specimens for
 
radiocarbon dating and interpretation of results. Manual
 
No. 2. Canberra, Australia: Australian Institute of Aboriginal
 
Studies: Australian National University, 42 p.
 

Tyson, G. F., 1984. A history of land use on St. John, 1718-1950
 
(Preliminary report), St. Thomas, Virgin Islands, U.S. Department of
 
Interior, National Park Service, 91 p.
 

Tyson, G. F., 1986. Historic land use in the Reef Bay, Fish Bay and
 
Hawksnest Bay watersheds St. John, U.S. Virgin Islands, 1719-1950. 
Report, St. Thomas, Virgin Islands: VIRMC II Research 
series. U.S. Department of Interior, National Park Service, 49 p. 

Wolman, G., 1967. A cycle of sedimentation and erosion in urban river
 
channels. Geogr. Ann. 49:385-395.
 

Woodbury, R. 0. and Weaver, P. L., 1984. The vegetation of St. John and 
Hassell Island. U.S. Virgin Islands, Report to the Virgin Islands 
National Park Service. 

24
 



APPENDIX I 

KEY TO POLLEN TYPES, ST. JOHN 

A: Spores with trilete marks 

A-i: spherical; punctate to verrucate; 23 microns 
A-2: Lycopodium 
A-3: punctate; with spines; 70 microns 
A-4: smooth; 60 microns 

B: Spores of pollen without apertures; spherical 

B-i: smooth with a central indentation; 14-16 microns 
B-2: punctate; 14-16 microns 
B-3: large, regularly spaced spines; 14-16 microns 
B-4: smooth; 46 microns 
B-5: verrucate; 35 microns 

C: Monolete spores or monocolpate pollen 

C-i: thick, smooth exine; 37 microns 
C-2: smooth; furrow with a well-developed margo; 74x23 microns 
C-3: irregularly spaced short spines; 60 microns 
C-4: punctate; 14 microns 
C-5: reticulate; 32 microns 

D: Monoporate pollen 

D-l: pore not well defined; Cyperaceae type; 27 microns 
D-2: well defined pore; no annulus; 16 microns 
D-3: pore with well defined annulus; Gramineae type; 48 microns 
D-4: Sparganium type 

E: Diporate pollen 

E-l: smooth; 14 microns 

F: Triporate pollen 

F-i: smooth to striate and regulate; shape and pore structure 
resembles Betula; 16 microns 

F-2: non-aspidate pore; well developed annulus; resembles Celtis; 
16 microns 

F-3: Corylus type 
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APPENDIX I (continued) 

G. Multiporate pollen
 

G-l: pores with annuli located along the equator; 21 microns 
G-2: 3 to 5 pores; smooth; resembles Carva; 45 microns
 
G-3: many discrete pores; without annuli; smooth; resembles
 

Caryophyllaceae; 57 microns
 
G-4: many pores; striate; 14 microns
 
G-5: 3 to 4 to 5 pores; regulate; resembles Ulmus
 
G-6: 4 to 5 pores; resembles Alnus, but without arcs; 12 microns
 

H: Tricolpate pollen
 

H-l: smooth; 16 microns
 
H-2: striate; 18 microns
 
H-3: finely reticulate; 16 microns
 
H-4: verrucate; resembles Quercus; 20 to 40 microns H-4-a: same as
 

above but with possible pore; resembles Fagus
 
H-5: geminmate; resembles Ilex
 
H-6: coarsely reticulate; 40x18 microns
 
H-7: distinct spines irregularly and sparsely distributed; 23 microns
 
H-8: Acer type
 
H-9: thick, smooth exine; 37 microns
 
H-10: smooth; 45 micrors
 

I: Four-furrowed pollen
 

I-1: punctate; resembles Fraxinus; 30 microns
 
1-2: striate; 23 microns
 

J: Tricolporate pollen
 

J-l: smooth; pores of varying size; 16-20 microns
 
J-l-a: same as above but sparsely punctate
 

J-2: smooth to punctate; "Rhizophora" type; 23 microns
 
J-3: reticulate to striate; 23 microns
 
J-4: Anacardiaceae type
 
J-5: short furrows with annular pores; punctate; Tilia and/or
 

Nyssa type
 
J-6: punctate; beaded-type ornamentation; long thin furrow with
 

very small pore; 30 microns
 

K: Six furrows and pores
 

K-l: smooth; 16-20 microns 

Acacia
 

Ambrosia type
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ABSTRACT
 

Recreational 
 uses 
 of the wate.rs 
 and beaches of Virgin
Islands National Park and Biosphere Reserve on St. 
 John, U.S.
Virgin Islands, have increased dramatically 
in the last 10 years.
Recreational visits 
to the park have risen from less 
than 100,000
prior to 1967 to 
 over 750,000 in 
1986. Annual visitation to
Trunk Bay beach, the most heavily used beach 
 in the park, has
risen 
from under 20,000 people in 
1966 to almost 170,000 in 1986.
The average number of boats per day in park waters 
increased from

less than 10 in 1966 to about 80 in 1986.
 

One consequence 
has been the degradation 
 of the park's
marine resources, particularly 
 some 
 of the coral reefs and
seagrass beds along 
the north shore of 
the island which receives
the heaviest use. Anchor damage 
 and damage 
 from boats striking
or grounding 
 on reefs is evident. Seagrass 
beds in popular bays

have deteriorated.
 

Based on 
field work and examination of National Park 
Service
(NPS) records, this 
 report documents some of 
the trends and
 consequences 
 of increased recreational 
 uses of the park's
resources 
and some 
recent efforts to protect them. 
 Its purpose
is to provide a basis for 
 future management 
 actions designed to
balance increased visitation 
with protection of fragile marine
 
resources.
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INTRODUCTION
 

Throughout 
 the Caribbean, 
 tourism and coastal development

are exerting severe pressure on 
 the natural resources of many
islands and countries. More and 
more tourists are visiting parks
and protected areas in 
the region. The purpose 
of this study was
to document 
 the trends in recreational uses of 
 the waters and
beaches of Virgin Islands 
National Park and Biosphere Reserve on
St. John, U.S. Virgin Islands, and to 
assess the degradation of
the marine 
 resources attributable 
 to recreational activities.
Robinson (1973, 
 1976) drew attention to environmental damage
associated with recreation in Virgin 
Islands National Park in the
1970's, prior to 
the dramatic 
increase in visitation.
 

Virgin Islands National Park 
(VINP) consists of 2,816 ha of
federally owned land 
on St. John, 
and 2,287 ha of marine waters
(Fig. 1). The terrestrial area of the park was 
established in
1956. 
 In 1962, the park boundaries were expanded "...in order to
preserve for the 
benefit of 
the public significant coral gardens,
marine life, and seascapes..."(16 U.S.C. 398). 
 Both northern and
southern waters 
were added to the park 
at this time.
 

This study focused primarily on documenting tile increase in
the number of boats visiting VINP and on evaluating the
environmental damage 
 associated 
with 
 boating. Recreational

fishing can adversely affect not only 
 fish and shellfish

populations 
but also the reefs themselves, e.g., 
when fish traps
land on and smash coral colonies and 
divers overturn corals to
extricate lobsters. 
 Unfortunately, 
lack of information 
on the
magnitude of recreational fishing and changes in 
the intensity of
fishing over 
 time preclude its evaluation here. 
 This study was
 one of several 
 Virgin Islands Resource Management Cooperative
(VIRMC) projects conducted between 1984 
 and 1987 which were
designed to provide the 
information necessary 
to manage the coral

reefs, seagrass beds, 
and fisheries of 
St. John.
 

METHODS
 

Assessment of 
 trends and impacts from boating and other
recreational 
uses of marine resources was based on 
 fieldwork at
selected sites 
 around St. 
 John and analysis of National Park

Service documents, specifically Boat Patrol Logs, 
 Monthly Public
 
Use Reports, Case 
Incident Records, and Lifeguard Logs.
 

Field observations of 
dam age to marine resources
 

Study sites Recreation 
 in VINP waters is concentrated most
heavily in 
the northern and northwestern bays. Consequently, we
selected 
 Solomon, Honeymoon, 
 Caneel, Scott, Hawksnest, Trunk,
Cinnamon, Maho, Francis, 
and Leinster Bays (Fig. 1) 
 for studies
 
of anchor damage (see below).
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Observations by 
 park staff and others i;idicated that
 
Windswept Reef and Hawksnest 
 Bay patch reefs (Fips. 1, 2) have
suffered severe damage from 
boats striking or 
running aground on
 
the reefs. Windswept Reef fringes 
 the point which lies between

Trunk and Cinnamon Bays, two of 
the most popular bays in the
 
park. Hawksnest Bay has become an increasingly popular anchorage,

particularly for day sailors. An increase in the number of
 
snorkelers is also resulting in more 
 damage to coral colonies.

These reefs are extremely 
 shallow, making them particularly

vulnerable. Windswept Reef and 
 four petch reefs in Hawksnest
 
were examined on 
a monthly basis for evidence of physical damage.
Boats do not generally anchor on the Windswept and Hawksnest
 
Reefs, and most 
damage is from boats running aground or from
 
snorkelers.
 

Breakage of coral colonieb: Windswept and Hawksnest It is very

difficult 
to quantify physical damage to coral reefs, whether

from anchors, boat groundings, careless snorkelers, or other
 
causes, because of their 
 structural complexity. The shallowest
 
reef areas, where much of 
the damage occurs, are especially hard
 
to survey because they are impossible to swim 
over. We estimated
 
damage by swimming parallel 
 transects across 
the reef areas and

counting the number of 
freshly broken branches of elkhorn coral,
 
Acrop.ra palmata, and by measuring the "length" and "width" of
each fracture area or stump (Rogers et al., 1982). 
 (No attempt

was made to 
swim the same transects on 
each survey, although the
 
entire reef was surveyed each time.) Because most 
 fracture areas
 
were elliptical, the length 
 and width measurements were used to

calculate ereas using the formula for an ellipse (Area = length x

width x 0.8). Acroporap almata 
 is the most abundant coral on
these study reefs and suffered the 
most breakage. We considered
 
it important to estimate the area of 
the branch fractures because
 
physical damage is function of
a both number and size 
 of breaks.
 

Making observations 
 at monthly intervals proved most
 
effective in assessing damage. 
 With greater frequency, it is

often 
not possible to differentiate fresh breaks 
from older ones,

and breaks could be counted more than 
once. Algae rapidly grow

over 
freshly broken areas (sometimes within one week), and if 
the
 
observation intervals 
exceed a month, breaks 
 occurring since the
 
last observation will 
no longer be discernible.
 

In addition, from June 1985 
until January 1987, Rafe Boulon,

from the V.I. Division of Fish and Wildlife, kept records of the

number of 
 boats which struck or grounded on Windswept Reef which
 
lies below his house on Windswept Point.
 

Anchor damage survey The purpose of 
the anchor survey, performed

between January and March 1987, was to 
 assess damage and
 
potential damage caused 
 by boats anchoring in National Park
 
waters. For 
 each bay surveyed, the 
following information was
 
collected: time of surver,, boat length, type 
 of boat, type of
anchor, length of anchor 
 chain, amount of chain resting on the
 
bottom, bottom type 
(coral, seagrass, sand, rubble, pavement, and
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mud). Damage observed was given a subjective rating of negligible
 
to severe.
 

Examination of National Park Service records
 

Boat pat ro1 los and 
 monthly public 
 use 1o. National Park
Service rangers patrol 
 the northern and western waters of
park almost daily, recording the number of 
the
 

boats in each of the
several bays. 
 The data 	 are summarized and incorporated into
monthly public 
use logs. Unfortunately, boat 
 patrol logs for
individual 	days are available only 
from 1084-1986, and 
we can not
trace trends in the number of 
 boats in specific bays prior to
these years. However, we used figures for 
the total number of
visitors 
on boats in park waters each month 
 from the public use
logs to calculate the average number of boats 
per day in 	the park
from 1966 	 to 1986. 
 In most cases, rangers estimated the total
number of 	 visitors using 
a formula which assumed five passengers
per boat. 	 However, 
 the same formula was 
 not consistently used
prior to September, 1981, and we can 
not determine 
the actual
number of boats 
each mcnth 	because the raw 
 data were discarded.
(The different factors used for 
 passengers per 
 boat could
possibly result in 
discrepancies of 
as much as 20% in 
 the final
totals.) Consequently, graphs of 
the data presented below should

be used only as indicators of trends.
 

Aerial photographs 
taken over several years were used to
discern the 
 trend in numbers of boats in several St. John bays.
For most years, photographs were taken on 
just one day. Clearly,
this method has many biases, e.g., inconsistencies in 
time of day
photographs were 
taken or season of the year, but 
it is another
 
source of 
historical information.
 

Monthly public 
use logs 
were also used to estimate the total
number of visitors to the park from 
 1971 through 1986 and to
obtain information on the uF, 
of Trunk Bay beach, the beach on
the north side of 
 the island which has the 
heaviest use. For
1980 through 1986, 
 we added 	 figures for land-based tours
(transportation 
 of people in large taxi-buses) and 
 other
individuals 
 on the beach (derived from logs 
 kept by the
lifeguards) to arrive at 
a figure for total number of visitors to
Trunk Bay each month. The format for 
the monthly report 
was
changed in 	1979. 
 Consequently, 
for the years prior to 1980 we
estimated the 
 use of 
 Trunk Bay by adding 56% of the total beach
visitors for 
several park beaches to 
visitors associated with the
land tours. 
 (We derived this percentage from the 1980 
data which
had specific values 
for Trunk Bay as well 
 as totals for 2ll
beaches 
 which were considered.) 
 Once again, the figures are
approximate and based 
on some assumptions, 
 but the trends are
 
evident.
 

Case incident records 
 National 
Park Service employees use Case
Incident Records 
to document 
 the circumstances 
 of a variety of
non-criminal events. 
 We reviewed records 
from 1976 to 1987 for
evidence of damage 
to natural 	resources (for example, taking of
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reef organisms as souvenirs) or of conflicts arising from the
 
different uses of park waters and violations of regulations
 
designed to protect natural resources.
 

Lif aLifeguard logs are filled out daily at Cinnamon
 
and Trunk Bay beaches. They are available only for certain
 
months from 1981-1986. Because the logs were not filled out
 
consistently and completely, they provide limited information on
 
such things as removal of marine organisms, number of boats
 
entering restricted areas, and number of people standing on coral
 
colonies near the underwater trail at Trunk Bay.
 

RESULTS
 

Coral breakageat Windswept and Hawksnest Reefs
 

Graphs of the number of broken coral branches and the mean
 
area per break at Windswept and the Hawksnest reefs indicate
 
damage to A. palmata colonies from careless snorkelers, boat
 
strikes, and heavy swells (Figs. 3, 4). In the winter of 1986,
 
northern swells appeared to be the major cause of damage,
 
particularly at Windswept Reef. Many of the elkhorn colonies had
 
small fractures at the tips of their branches. Larger breaks
 
seemed to be associated with boat damage and frequently bore
 
patches of anti-fouling paint from the bottoms of boats which had
 
struck or grounded on the reefs. In some cases, for example in
 
October, 1986 on Hawksnest patch reef 3. a boat had caused so
 
much structural damage (over an area of about 100 m2 ) that it was
 
impossible to quantify it. Also, on Windswept Reef in December,
 
one boat remained on the reef for four days, after which it was
 
dragged off across the corals.
 

Three large marker buoys were installed along the seaward
 
edge of Windswept Reef on May 30, 1986, to warn boaters of the
 
reef's location. Observations following placement of the buoys
 
indicated a decrease in the number of broken coral branches until
 
December when heavy northern swells rolled into the reef.
 
Records provided by Rafe Boulon showed that at least 23 boats hit
 
the reef from June 1985 until May 1986, while only 2 boats were 
observed to hit the reef following installation of the marker 
buoys (Appendix I). 

Anchor da mane su rv e
 

Of the 186 boats surveyed, 32% were anchored in seagrasses
 
and 14% in coral communities, with the remainder on sand, mud, or
 
pavement. Many sites which now have barren sand or pavement
 
could previously have had seagrass beds or coral communities
 
which deteriorated with an increase in anchor damage. Of the 26
 
anchors found on coral bottoms, 7 (27%) were causing minor damage
 
and 3 (12%) were causing moderate or severe damage, with the rest
 
causing no apparent damage. Of 60 anchors in seagrasses, 18
 
(30%) were causing minor damago, and 17 (28%) moderate or severe
 
damage, with the rest causing n, apparent damage.
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About 56% of the boats were anchored in 5 m or less, 39% in
 
6-10 m, and 6% in 11 m or deeper water. In general, the deeper
 
the anchor, the less likely it was to be found on sensitive coral
 
or seagrass communities (Figs. 5a, 5b, 5c) which tend to occur
 
near shore in most of the bays surveyed.
 

More disturbance to benthic communities is often associated
 
with the chain attached to the anchor 
 than with the anchor
 
itself. As the winds and currents shift, a boat can swing
 
through a complete circle with concomitant disturbance to the
 
bottom from the sweep of the anchor chain. Consequently, there
 
is the potential for 60 ha of bottom to be damaged each year at
 
current use levels, based on an average chain length of 7.7 m,
 
and almost 30,000 boats per year.
 

Trends in uses of park beaches and waters
 

Park visitation The estimated number of recreational visitors to
 
the park climbed from less than 100,00u prior to 1967 to over
 
750,000 in 1986 (Fig. 6). Comparison of the number of
 
recreational visitors on a monthly basis for 1966, 1976, and 1986
 
clearly shows a dramatic increase and, at least for 1976 and
 
1986, some seasonality in use patterns (Fig. 7). Most people
 
come to St. John in 
the winter with March the peak month. There
 
is a decrease in the spring, with a jump in July corresponding to
 
the 4th of July weekend. September and October are the slowest
 
months.
 

Trunk BaX beach and underwater snorkeling trail Trunk Bay beach
 
is the most heavily used beach on St. John. Estimates indicate
 
an increase in annual visitation from just under 20,000 people in
 
1966 to almost 170,000 in 1986 (Fig. 8). Sometimes over 1,000
 
people are on the beach on a given day. One of the main
 
attractions is the underwater snorkeling trail established in the
 
early 1960's. According to park staff and residents of the
 
island, the trail has deteriorated substantially as a result of
 
people standing on corals, areaking coral branches while
 
snorkeling, and 
 removing organisms as souvenirs. Lifeguards
 
report frequent removal of sea fans and corals, although
 
examination of their logs reveals few formal records 
 of such
 
incidences. In one month alone, lifeguards observed over 200
 
people standing on corals, most of them 
 near the underwater
 
trail. The logs do not indicate if they were on living or dead
 
coral, but even standing on dead coral can be detrimental because
 
it is a good substrate for new coral settlement and growth. The
 
cruise ship "Norway" began visiting St. John in December 1986,
 
and a few hundred passengers are transported one day every week
 
to Trunk Bay, where they snorkel on the reef in the western
 
portions of the bay and down towards adjacent Jumbie Bay. 
 The
 
impact from snorkelers is consequently no longer concentrated
 
only at the underwater trail. Some people have recommended
 
closure of the Trunk Bay trail to allow it to recover. However,
 
we do not think it advisable to close this trail now and open
 
another trail for visitors. Robinson (1973) noted 14 years ago
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OTHER (48.2X)
 

SEAGRASS (34.6X) 

Figure 5a. Bottom type 
for boats anchored in 0 - 5 meters in northern and
 
western bays of St. John.
 

CORAL (7.8X) 

SEAORASS (25.6X) 

Figure 5a. 
 Bottom type for boats anchored in 6 - 10 meters in northern and
 
western bays of St. John.
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SEAGRASS (9.1X)
 

OTHER (al.6%) 

Figure 5c. 	 Bottom type for boats anchored in 11 meters and deeper in northern
 
and western bays of St. John.
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Figure 6. Recreational visitors 
to VINP from 1957 - 1986.
 

MONTHLY RECREATIONAL VISITS 
100 VIRGIN ISLANDS NA1ONAL PARK 

90

80
 

70 

60

50 

~40
 

30 H
 
20 H 
10 -.
 

0 - - - I
 

JAN FEB APR
MAR MAY JUN JUL AijJ SEP OCT NOV DEC 

= 966 1976 1EI986
 

Figure 7. Monthly recreational visits 
to VINP in 1966, 1976, and 1986.
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Figure 8. Annual visitation to Trunk Bay beach from 1966 -1986. 
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that the trail is 
"not all within a proper reef, but 
rather in an
area where coral growth occurs directly on hard 
 rock bottom and
boulders". 
 He also noted poor conditions for reef growth here
because of consistently heavy 
 seas during winter months. While
the trail has undoubtedly suffered from extensive 
use, the amount
of deterioration over 
the years has 
 probably been exaggerated,

and it still provides a good 
 snorkeling experience for most
 
visitors.
 

BoatinginVirpin 
Islands National Park waters The 
average

number of boats per day in 
 park waters, estimated from boat
patrol logs 
and monthly public use reports, ranged from less
10 in 1966 to about 80 in 1986 (Fig. 9). There 

than
 
was a fairly


steady increase beginning in 
 1977 and a sharp increase between
1981 and 1982. There was some 
evidence of leveling 
off between
1982 and 1985. 
but another marked increase in 1986. Examination
 
of aerial photographs reflects the dramatic 
increase in boating
 
as well (Table 1).
 

A closer look at 
the number of boats in northern and western

bays from 1984-1986 (the only years for which there are daily
data), 
shows at least a slight increase for all months in 1986
except October (Fig. 10). 
 Caneel Bay and Francis Bdy, the two
most heavily used bays 
in the park, had increases for most months
in 1986 
 (Fig. 11). Examination of the distribution of boats
along the northern and western 
 shores of St. 
 John (Fig. 12)
indicates the popularity of Caneel 
and Francis Bays. It should

be noted that Caneel Bay here refers to not 
 only Caneel Bay
proper, 
 but also Solomon, Honeymoon, and Scott 
Bays as well,
because 
 all of these were combined on boat patrol logs.
Consequently, Francis 
 is probably the single 
most heavily used
 
anchorage in the park.
 

Mini-cruise ships 
 In addition 
to the increased calls by large

cruise ships such 
 as the "Norway" --
anchor in park waters 

which generally do not

but which discharge passengers who use the
park beaches -- there has been an 
increase in 
the number of minicruise ships which 
actually anchor 
 in the park, particularly


since 1984. 
 The Newport and Nantucket Clippers are 207' 
long and
sometimes anchor in 
very shallow water as they 
 draw only 9'.
Their anchors, 
 which weigh one 
ton each, have been observed in
coral communities and seagrass 
 beds in Maho, Francis, Cinnamon,

and Leinster Bays. The skipper of 
the "Newport Clipper" met with
the Research Biologist and Concessions Specialist to discuss park

concerns 
 over damage to bottom communities. There is
evidence that some


single large anchors actually do more damage than
several small anchors, 
at least to seagrass beds. 
 The skipper
was very accommodating, and voluntarily began 
 to anchor in less
sensitive areas 
 which were 
far less convenient. Understandably,

he expressed concern 
 over all the other boats which are

continuing to anchor 
on 
coral and seagrass communities.
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Figure 9. Average number of boats per day in park waters from 1966 - 1986.
 

Table 1. Boat count made 


CANEEL BAY 


CORAL BAY 


SALTPOND BAY 


LAMESHUR BAYS 


CRUZ BAY 


Total 


from aerial photographs of St. John 

1946 [965 1971 1978 1983 
1 11 4 12 53 

2 0 3 1 24 

1 0 0 0 3 

0 1 1 3 0 

2 12 18 32 53 

6 24 26 48 133 
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NORTHERN AND WESTERN BAYS OF ST. JOHN 
1984-1986110 
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Figure 10. 
 Average number of boats per day in northern and western bays 

of St. John, 1984 - 1986. 
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Incidences of 
 damae and 
 violation of park re~ulations from NPS
loss Based on case incident records, boat patrol 
 logs, and
lifeguard logs, the 
 number of incidences of damage 
to marine
ecosystems or 
possible conflicts among different groups using the
resources were 
very low (Table 2). 
 These numbers are undoubtedly
underestimates and reflect 
inconsistencies in 
filling out the NPS
forms. Unless observations of 
these violations are recorded more
rigorously in the 
future, the NPS 
 records can not be 
 used to
provide data on environmental degradation and conflicts among
 
resource 
users.
 

Table 2. Incidences of 
damage and violations
 

INCIDENT 
 1976 1977 1978 
1979 1980 1981 1982 1983 1984 1985 1986 TOTAl.
 

OIL SPILL & POLLUTION 
 1 2 2
2 1 5 0 41 2 4 24BOATS ON REEFS 
 2 5 5 3 3 5 06 3WATER SKIING 7 7 463 6 2 31 8ILLEGAL REMOVAL OF CORAL, ETC. 0 0 
3 0 3 4 1 34 

1 2 5 34 5ILLEGAL FISHING 1 1 1 23
2 5 1 4 1 19 13 7 7SPEARFISHING 1 3 631 3 31 1 1 6 52 1 2 26SPEARGUN POSSESSION 
 1 3 4 14 1 2 17 3 4 3 43 
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BOAT DISTRIBUTION 
NORTHERN AND WESTERN BAYS 1984-1986 

LEINSTER (I17.3X) 

CANEEL (38.OX) 

FRANCIS (24.1X) 

HAWKSNEST (4.7X) 

UAHO (15.8X) 

Figure 12. Boat distribution in northern and western bays of St. John.
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DISCUSSION
 

There 
 is a growing recognition of the severity of damage
associated with increased recreational 
 uses of marine resources
in the Caribbean, and a realization that tourism and 
resource
protection are intrinsically interdependent. 
 However, few
systematic reports 
 on trends in recreation or its consequences

are available. Johannes' (1975) 
 review of "Pollution and
degradation of 
 coral reef communities" does not 
refer to this
type of destruction. Examination of 
 the subjects of papers
presented at the International 
 Coral Reef Symposia from 1977 to
1985 shows an increase in the 
 number of presentations on reef
conservation 
 and management, 
 with, in some cases, specific
references to 
degradation accompanying increases in 
 tourism and
 overuse. Tilmant (1987) recently reviewed adverse effects of
recreation 
on coral reefs, 
 citing examples from Australia and
Florida. For the British Virgin Islands (BVI), Jackson 
(1981)
stated 
that, "As far as water-borne tourism is 
 concerned, there
 are indications that the 
 British Virgin Islands is 
approaching

her physical saturation levels". 
 The fleet of charter boats
alone increased 
 10 times between 
 1969 and 1980 (Figure 13;
 
Jackson, 1980).
 

There are numerous examples of severe, localized damage to
marine 
 ecosystems attributable 
 to recreation. In a survey of
stresses affecting Caribbean reefs, 
 many resource managers and
scientists reported damage from 
 anchors (e.g., from 
cruiseships
and dive boats), from boat groundings, 
and from people walking on
reef flats and removing corals as souvenirs (Rogers, 1985). Most
respondents felt 
that the reefs were deteriorating from a variety
of causes. Construction 
 of marinas and boatyards to support
recreational boating have had 
serious environmental consequences,

particularly in mangrove areas.
 

Tilmant 
 and Schmahl (1981) attempted to assess visitor
damage to patch 
reefs in Biscayne National Park by counting the
number of damaged corals observed in 
timed visual surveys.

of the eight study reefs received three 

Four
 
or more times the number
of visitors 
 as the control reefs. 
 They estimated annual
visitation 
to all of the reefs 
at about 3600 people. Six boats
grounded on 
 the reefs during the 
 3 year study, damaging large
individual coral colonies. Although Tilmant 
 and Schmahl (1981)
found a linear correlation between reef 
use and physical damage,
damage from natural causes such as sea 
swells appeared to mask
damage from 
people swimming and spearfishing near the reefs.
 

In comparison, 
 within Virgin Islands National Park, adverse
effects of recreational activities are 
 far more evident and
dramatic. Single 
boat groundings have frequently caused 
several
 square meters of destruction. 
 Four boats hit Windswept Reef in
 one afternoon. 
 In one week, the underwater snorkeling trail 
at
Trunk Bay receives more visitors than 
 the Biscayne study reefs
receive in one year. 
 Perhaps the Biscayne National Park study
reefs are deeper than 
 the St. John reefs and therefore less
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Figure 13. Growth in British Virgin Islands charter boat fleet from 1969 

(Data from Jackson, 1980). 

- 1980. 
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vulnerable to 
 damage from snorkelers who tend 
to remain near the
 
surface of the water.
 

As in the Biscayne National Park study, 
it was not always

possible to differentiate "natural" 
 from visitor damage on the
St. John reefs (see Robinson, 1973). Examples of natural damage

include 1) scraping away of tissue 
 and sometimes underlying

skeletal material by fireworms (Hermodice carunculata), snails

(Coralliophila abbreviata), 
 and some fish species, 2) weakening
of coral skeletons through action of 
 boring bivalves and other

organisms, 3) abrasion from 
 transportation and 
deposition of
sediment particles, and 4) overturning and smashing of corals
during heavy 
 seas. Numerous small 
fractures in the shallowest
 
zones, especially in inaccessible areas, generally indicate
 
damage from heavy swells and waves.
 

White band disease and other coral diseases have not been

directly correlated with human activities although 
 Peters (1984)

suggests that injuries to corals 
from snorkelers and divers

adverse environmental conditions, such as 

and
 
high turbidity and
sediment, could increase the 
frequency of occurrence. White band
disease occurs throughout the Caribbean (Rogers, 1985). National


Park Service photographs 
 from the early 19 7 0's at Buck Island

Reef National Monument, St. Croix, 
 and a diagram appearing in
Robinson (1973) indicate presence of white band disease 
on Virgin

Islands reefs at that time. 
 It is not known if the dramatic
increase in visitation to Caribbean coral reef 
areas and damage

resulting from recreational activities 
 have been accompa.nied by

increases in 
coral diseases.
 

Sometimes damage 
 is clearly the 
 result of recreational
activities. On a number of occasions, we saw dinghies go up on

the Hawksnest patch reefs 
 and larger boats hit Windswept. We
also observed blue or red anti-fouling bottom paint on coral

colonies during 
 our surveys, 
clearly indicating destruction by
boats striking or grounding on the reefs. 
 Divers and snorkelers

damage corals by bumping into them or standing on them, and 
by
overturning colonies 
to reach lobsters. Isolated, 
broken branches
 
a few feet below the surface of the water usually are a sign of

careless or inexperienced snorkelers. 
 Collection 
of hard corals

and sea fans as souvenirs, and black corals in deeper water for
 
making jewelry also takes place.
 

Residents and tourists who walk 
 on shallow reef flats do
considerable damage in some areas. 
 A particularly glaring

example is 
Buccoo Reef, Tobago. In a 1986 
letter to the Director

of the Conservation Monitoring Centre, 
International Union 
for
th., Conservation of 
Nature and Natural Resources, the President
 
oi the Crusoe Reef Society wrote: "Buccoo 
Reef has been under
 severe pressure over the last 
20 years. Storms have uprooted
large sections of 
 coral and disease has further killed off
complete colonies. 
 Man, with apparent ignorance, has put the
final touch, plowing areas with different types of anchors,

carving channels with the indiscriminate 
use of outboard engines
 

23
 



and with the protection of various footwear, trampled whatever
 
was left into the sand. Approximately 95% of the shallow reef
 
area has been destroyed. The remaining 5% will disappear within
 
the next two years."
 

Recently, con. ern over the enormous 
 quantity of plastic

entering the ocean's 4aters 
from many sources, including pleasure
 
boats, has increase,, (Laist, 1987). 
 Fish and birds ingest
 
plastic particles iLnd die. Plastic bags wrap around corals and
 
suffocate the tissues underneath. Reefs in Haulover Bay, St.
 
John. receive large amounts of plastic and other trash from
 
passing boats and probably from Road Town Harbor, Tortola. Large

plastic bags full of trash from cruise ships have been found in
 
USVI waters.
 

In 1977, Gladfelter et 
al. (1977) assessed human influences
 
at the Buck Island Reef National Monument off St. Croix by

examining disturbance from mooring chains and 
from boats striking
 
the reef. Surprisingly, they found a higher percentage of 
live
 
coral in areas swept by the chains, concluding that the chains
 
reduced cover by benthic 
 algae which compete with corals for
 
space. One would expect that abrasion by these chains would kill
 
at least small coral colonies. (The authors do not provide

information on size or 
 number of corals in their study plots.)
 
At least in the seagrass beds on 
St. John, anchor chains scour
 
out large areas of the bottom. Scars from boat propellers, and
 
presumably from anchors as well, can take decades 
to recover
 
(Zieman, 1976). 

In a recent VIRMC study, Williams (1987) noted an apparent

decrease in the extent of the seagrass beds in Francis and Maho
 
Bays over the last 30 years judging from a series of aerial
 
photographs and comparison of recent benthic maps with a map from
 
1959 (Kumpf and Randall, 1961). Although the relatively large
 
population of green sea turtles (an estimated 50 
individuals)
 
which grazes on these grasses may be stressing them, much of the
 
damage observed in 
these bays and the general deterioration of
 
the grasses are at least partially attributable to anchoring. As
 
noted above, Francis Bay is probably the most popular anchorage
 
in Virgin Islands National Park. Williams (1987) recommended
 
prohibiting anchoring 
in as large an area as feasible in Francis
 
and Maho Bays. The present study showed that 46% of 
 the boats
 
surveyed in park waters were 
damaging seagrass or coral bottoms.
 

To date, VINP has been spared the extensive damage
 
associated with anchoring of commercial boats such as the shrimp

boats in Dry Tortugas, Florida (Davis, 1977) and dramatic
 
groundings of large ships such as the "Wellwood" which damaged an
 
estimated 7.53 ha (75,275 m ) of
2 coral reef bottom off the
 
Florida Keys (Jaap, 1984). However, the amount of damage to park
 
resources currently associated with mini-cruise ships and smaller
 
boats is unacceptable and will only increase unless some
 
management actions are taken.
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Some positive steps have 
been taken:
 

1. Recent research by 
 the Virgin Islands Resource Management

Cooperative has 
 focused attention 
 on the degradation of

marine ecosystems 
 in Virgin Islands National Park, and the

park's Research 
 and Resources Management staff has
developed 
 a Shoreline Management 
 Plan in an effort to
 
balance protection of 
the park's resources with increased
 
pressure 
from visitors. Installation of moorings 
in Francis
 
Bay and other critical, sensitive near 
shore areas 
 is a key

element in this plan. 
 Benthic maps produced in 1984 for the
bays in VINP have been an especially good basis for the plan

(Beets et 
 al., 1986). As described above, marker buoys 
are
helping to reduce 
damage to vulnerable 
 reefs. Also, small

portions of the seagrass 
beds in Francis and Maho Bays have
 
been marked off as "no 
anchoring zones".
 

2. Wayside 
exhibits and brochures 
are being developed to
 
educate visitors as 
to the fragility of reef 
areas within
 
VINP. Interpretive programs 
are focusing more and 
 more on
 
marine 
resource degradation and 
possible solutions. NPS is

producing 
a short educational film 
for cruise ship
 
passengers.
 

3. The British Virgin 
Islands National 
Parks Trust cooperated

with dive tour operators to establish moorings 
at the Wreck

of the Rhone Marine Park to decrease anchor damage 
at this
 
very popular dive 
site near Salt Island.
 

4. Looe Key National Marine Sanctuary in Florida has 
 a very

effective mooring system (see Halas, 1985), 
 and Billy
Causey, the Sanctuary Manager, wrote 
that "the installation
 
of the buoys has the
been most beneficial 
 effort that we
could have undertaken 
 to protect our reefs". Similar

moorings are 
 being considered 
 for VINP. Educational
 
brochures have been 
especially helpful.
 

Recommendations 
for monitoring and documentation of trends in
 
recreational 
uses 
of marine resources
 

The following recommendations may be useful to people

responsible 
for managing marine protected areas.
 

1. Record number of visitors, number 
of boats, and patterns of
 
resource use.
 

2. 
 Record number of new breaks of branching coral colonies 
on
 
shallow, heavily visited reefs.
 

3. Record number of conspicuous anchor 
scars in seagrass beds.
 

4. At a minimum, record 
bottom communities in popular
 
anchorages. When feasible, produce benthic maps.
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5. 	 Take sequential underwater photographs from the same
 
locations to document changes in reef structure. e.g.. along
 
underwater snorkeling trails.
 

6. 	 Use aerial photographs to discern large scale changes over
 
time (especially useful for seagrass beds).
 

7. 	 In some instances it may be feasible to establish transects
 
of seagrass beds and reefs to provide quantitative
 
information for documenting trends in density and amounts of
 
living cover.
 

Specific recommendations for Virgin Islands National Park
 

1. 	 Implement the new Shoreline Management Plan; consider
 
further zoning of park waters for certain activities
 
(e.g., fishing) to avoid conflicts among resource users (see
 
Kelleher, 1985 
on zoning for Great Barrier Reef, Australia;
 
see Putney, 1987, on resource users in VINP).
 

2. 	 Consider minimum depth or minimum distance from shore
 
requirements for anchoring in areas where anchoring is
 
allowed.
 

3. 	 Increase awareness of park regulations and environmental
 
concerns within the park through a series of seminars 
at
 
the new Virgin Islands Biosphere Reserve Center, through
 
production of more informative brochures for visitors and
 
throgh further development of interpretive programs
 
(snorkel trips, evening programs, shorewalks); brochures
 
could include information on locations of particularly
 
vulnerable reefs for distribution to charter boat companies
 
and others.
 

4. 	 Continue long-term monitoring of selected reefs and initiate
 
monitoring of other reefs as necessary; use underwater video
 
cameras to document conditions at the Trunk Bay underwater
 
trail and other key reef sites.
 

5. 	 Monitor recovery of anchor scars in seagrass beds.
 

6. 	 Establish a water quality monitoring program in VINP to
 
determine if sewage, oil, and fuel from boats are
 
causing deterioration of water quality in park waters.
 

7. 	 Consider excluding mini-cruise ships from park waters, or
 
limit them to one or two bays and require that they
 
establish and use moorings.
 

8. 	 Work toward closer cooperation between the Division of
 
Research and Resources Management and rangers and
 
interpreters to ensure accuracy of information presented to
 
visitors; devise new 
forms which will be more useful in
 
documenting environmental damage.
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Conclusion
 

The National 
 Park Service has the responsibility and the

obligation to manage Virgin Islands National 
 Park not only as a
national park but 
 as a biosphere reserve. 
 As a biosphere
 
reserve, VINP should 
serve as a protected area for comparison

with unprotected 
 areas to allow assessment of environmental

trends. Currently, marine resources of 
 Virgin Islands National
Park and Biosphere Reserve are 
suffering unacceptable degradation

from development and tourism. 
More effective management measures
 
are urgently needed 
to increase protection of these resources.
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DATE TIME 


JUN-23-85 1400 

JUL-14-85 0915 

JUL-26-85 0600 

JUL-26-85 1500 

JUL-27-85 1820 

JUL-31-85 1700 

AUG-04-85 0900 

AUG-04-85 1700 

AUG-18-85 1700 

SEP-02-85 1320 

SEP-04-85 1530 

SEP-04-85 1615 

SEP-08-85 0945 

SEP-08-85 1517 

DEC-08-85 1100 

DEC-08-85 1535 

DEC-08-85 1630 

DEC-08--85 1702 

DEC-24-85 1930 

FEB-21-86 1900 

APR-30-86 2030 

MAY-04-86 1040 

MAY-04-86 1605 

NOV-05-86 1530 

JAN-18-87 2030 


APPENDIX I
 

WINDSWEPT REEF
 
Boats that struck or grounded
 
on reef from Jun 1 985-Jan 1987
 

BOAT BOAT
 
STRUCK GROUNDED
 

BOAT TYPE REEF ON REEF
 

POWER BOAT (16') x
 
POWER BOAT (22') X
 
POWER BOAT (25') X
 
POWER BOAT (16') X
 
POWER BOAT (401) X
 
SAIL BOAT (36') X
 
POWER BOAT (50') X
 
POWER BOAT (25') X
 
POWER BOAT (20') X
 
POWER BOAT (18') X
 
POWER BOAT (14') X
 
SAIL BOAT (26') X
 
POWER BOAT (14') X
 
SAIL BOAT (36') X
 
POWER BOAT (26') X
 
POWER BOAT (22') X
 
SAIL BOAT (28') X
 
SAIL BOAT (45') X
 
SAIL BOAT (36') X
 
POWER BOAT (18') X
 
POWER BOAT ( ? ) X
 
POWER BOAT (12') X
 
POWER BOAT (10') X
 
POWER BOAT (10') X
 
SAIL BOAT (30') X
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ABSTRACT
 

Over the past two decades, there has been a serious
decline in the seagrass beds in Francis and Maho Bays, St.
John, U.S. Virgin Islands. These beds provide habitat and
food for one of the largest populations of the endangered
species of sea turtles, Chelonia mydas L., 
the green sea
turtle, in U.S. jurisdiction. The population size was
estimated at 
50 subadult turtles. 
 These turtles exert
heavy grazing pr'3ssure on the 
leaves of their preferred
food, the seagra.-s Thalassia, in the bays. In addition to
grazing pressure, the seagrass 
beds are seriously
disturbed by the increasing number of boats that anchor in
the seagrass, damaging roots and rhizomes. 
Up to 10% of
the seagrass beds in 
the bays is presently damaged by

anchors.
 

The effects of the grazing and anchor 
damage were
evident in the extremely low productivity of the fragile,
achlorotic, short and 
narrow Thalassia leaves. A carrying
capacity for the turtle population was calculated based 
on
this productivity 
and the feeding requirements of the
turtles, estimated by observing turtles 
directly and
remotely using radiotelemetry. 
The carrying capacity was
estimated at 
11-31 subadult turtles, indicating that the
population may be 
in danger of decline. The grazing
behavior of 
the turtles differed from 
the patterns
reported previously in that the turtles fed throughout the
day without taking characteristic midday breaks in
feeding. This difference may be in response to the poorquality and quantity of food provided by the seagrasses in
the bays.
 

Although anchor scars in the bay 
recovered little
during the course of the study, some recovery of Thalassia

occurred inside 
fences that excluded anchor damage and
turtles. 
 After 3 months, Thalassia blades 
inside the
fences were significantly longer than 
outside and the

productivity per shoot 
increased.
 

In order to protect the turtle population from
further habitat degradation, 
it will be necessary to
reduce the damage done by boats in anchoring the seagrass

beds in the bays.
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INTRODUCTION
 

Seagrass beds are 
valuable natural resources that are
easily disturbed by virtue of 
their 
coastal location.
Once disturbed, seagrass beds 
can take decades to recover
and important functions provided by seagrasses are lost.
Such functions include: 1 ) provision of food, shelter, andnursery areas manyfor animals including commercially
valuable and 
endangered species; 2) stabilization of
sediments and 
thus protection of coastlines 
from storm
damage; 3) 
active recycling of elements including heavy
and trace metals; 4) ecological linkages with 
other
ecosystems, including mangroves, coral reefs and the deep
sea. Mitigation Drocedures that have been developed for
disturbed seagrass beds are imperfect, costly, and labor
intensive. 
 This report will discuss disturbances to
seagrass beds 
in Francis 
Bay and Maho Bay (hereafter
referred to as FB and MB respectively) within the National
Park on St. John, U.S. Virgin Islands. This study 
was
undertaken to assess whether 
the seagrasses in FB and MB
require protection in order to preserve their ecological
functions and the large population of endangered green sea
turtles which 
 reside in the 
bays and utilize the
 
seagrasses for 
food.
 

Caribbean seagrass beds growing 
in less than 15 m
water depth, 
are typically mixed species assemblages of
the seagrasses Thalassia 
testudinum 
Banks ex Konig,
Syringodium filiforme, 
Kutzing, and Halodule 
wrightii
Aschers. and various macroalgae. 
Thalassia (turtlegrass)

is the dominant species in terms of plant size, leaf shoot
density, biomass, and production. Thalassia is the climax
species, able to outcompete other seagrasses 
in the
habitat (Williams 1984, 1985, 1987). 
Various herbivores

also prefer Thalassia to other seagrass species (Ogden and
Lobel 1978). The ecological functions biological
and

diversity of seagrass beds in the Caribbean and southeast
United States are expressed best in Thalassia 
beds (Zieman
1982). For 
such reasons, most seagrass research in
Caribbean and southeast U.S., 

the
 
including this study, has
 

focused on Thalassia.
 

Stress to Thalassia
 

Stress or disturbance 
to seagrass beds can 
be
categorized into two types having different severity: 
1)
disturbance to the above-ground photosynthetic portion of
the plants, particularly the leaves, and 2) disturbance to
the below-ground portion of the plants, i.e., 
the roots
 
and rhizomes.
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Stress to leaves The less stressful type of disturbance
 
is damage to the above-ground plant. The primary agents
 
of this stress are animals that eat seagrass leaves, thus
 
removing the photosynthetic organ of the plant, although
 
hurricanes can also cause leaf removal. Repeated removal
 
of leaves causes a decline in Thalassia productivity
 
(Greenway 1974).
 

This report considers the chronic stress to Thalassia
 
that green sea turtles (Chelonia mydas) cause by grazing
 
on Thalassia leaves, their preferred food.
 

Green turtles do not crop Thalassia indiscriminately
 
but create discrete grazing scars in the seagrass bed
 
where they return every 7-10 days to crop new leaf growth
 
almost to the substratum. It is hypothesized that this
 
peculiar grazing strategy evolved in response to the poor

nutritional quality of seagrass forage. Seagrass leaves
 
are high in lignin, cellulose, and tannins and low in
 
nitrogen; however, young newly-formed leaves have less
 
fiber and almost twice as much protein. Repeated cropping
 
of leaves would assure the turtles of a higher quality
 
food in the regrown leaves.
 

Although initially repeated cropping stimulates leaf
 
growth, eventually the ability of Thalassia to recover
 
after leaf removal declines. Stress to the plant is
 
indicated by slower growth and decreasing leaf shoot
 
density, leaf width and rhizome diameter. The cause of
 
the stress is hypothesized to be nutrient deprivation.
 
Nutrients required for seagrass growth are supplied
 
primarily by remineralization of organic matter from
 
detritus in the sediments (Klug 1980). Leaf cropping by
 
turtles greatly reduces accumulation of detritus within
 
the seagrass bed (Thayer et al. 1985).
 

Stress to below-ground biomass The second type of stress
 
to seagrasses is disturbance to the roots and rhizomes.
 
This stress tends to be acute because the below-ground
 
portion of the plants is largely responsible for the
 
stability and resiliency of seagrass beds. The roots are
 
the major organs for acquiring nutrients for growth and
 
the rhizome acts as a storage organ, providing
 
carbohydrates for regrowth when leaves are removed (Dawes
 
and Lawrence 1979, Dawes et al. 1979). Areal extension of
 
seagrass beds occurs primarily by vegetative propagation
 
of the rhizome (Tomlinson 1974). The roots and rhizomes
 
provide a stable specialized sedimentary environment for
 
the complex microbial communities responsible for
 
regenerating nutrients required by the seagrasses (Klug
 
1980, Kenworthy et al. 1982). Once the roots and rhizomes
 
are disturbed, recovery of seagrasses is very slow, on the
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order of decades (Kelly et 
 al. 1971, Patriquin 1975,

Zieman 1976). 
Once damaged, a Thalassia rhizome takes at
least one year to 
develop a new meristem (Fuss and Kelly
1969). Motor boat propellers, anchors, use of dynamite 
as
 
a fishing practice, and dredge and fill operations are the
principal causes of 
this type of seagrass disturbance
 
although a minor 
amount can caused
be by feeding
activities of benthic fauna, such as rays (Williams et al.
 
1985).
 

The research problem
 

Francis and Maho Bays 
contain seagrass beds of
Thalassia, Syringodium, Halodule, and various macroalgae

(Fig. 1). The seagrasses there are subjected to both

categories of 
stress described above. 
 The bays are the
habitat of a large population of green turtles. 
Grazing

by these turtles is so extensive that no discrete grazing

scars surrounded by uncropped 
Thalassia are found.
Instead, the bays resemble one huge grazing scar. This
observation suggests two points. 
One, seagrass may be in
limited supply as turtle food. 
Two, all seagrass in the
bays 
is under the stress of leaf removal by grazing
turtles, leaving no uncropped plants for regeneration of
 
leaves.
 

In addition to intensive grazing of leaves, the
 seagrass roots and rhizomes are being damaged by 
boat
anchors. 
Over the past several years, the National Park
Service (NPS) has documented a dramatic increase in boat
 
usage in FB and MB.
 

Francis and Maho Bays are a refuge for the endangered

green turtle and it is paramount that its habitat 
be
preserved. Disturbance to 
the seagrasses in FB and MB
thus is not 
limited to the potential subsequent loss of
the valuable functions provided by seagrass vegetation but
also may include impact on an endangered species. 
 The
objectives of 
this study were to assess the impact
grazing and anchor damage 

of
 
on the seagrass beds of FB and
MB to determine the effect such damage has on 
the green


tui'tle population, and 
to provide data necessary for
 
resource management plans for 
the NPS.
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Figure 1. 	 Location of seagrass beds within Francis and Maho Bays,
 
St. John, U.S. Virgin Islands.
 



METHODS
 

Seagrass distribution
 

An underwater survey of Francis Bay and Maho Bay was
made in April 1986 by towing a diver on 
a sled behind a
boat. Seagrass beds thus located were mapped. 
A 100 m
reference transect was placed along the long axis of the

bed (i.e., parallel to the shoreline). Successive
 
transects were laid perpendicular to the 100 m reference
transect at 10 m intervals. The presence of various
 
seagrass species was recorded every along
m the long
reference transect 
and on the intersecting transect.

Qualitative descriptions of Thalassia leaf shoot density

(hereafter referred to as shoot density or 
density) were
recorded likewise. "Good" refers shootto a density ofThalassia per m of > 200 shoots, "fair" to 100-200, and"'sparse" to < 100. The beds were mapped again in December
1986.
 

The following bays 
on the north shore of St. John
 were surveyed for Thalassia: Hawksnest, Trunk, Cinnamon,
 
and Leinster (Fig. 2).
 

Seagrass shoot density
 

Counts of leaves or 
shoots of each seagrass species
were made in August 1986 in Hawksnest, Trunk, Cinnamon,

Francis, and Maho bays using 10-20 1/4 m2 
quadrats dropped

haphazardly from the surface.
 

Shoot density of Thalassia from FB and MB was

converted to 
biomass using a regression between shoot
density and dry weight after epiphyte removal using 5%
 
HC1.
 

Disturbances Lo seagrass rhizomes and roots
 

The density of 
scars in seagrass beds in FB and MB
caused by anchors or feeding activities of stingrays was
counted along 50 transects of 
10 x 1 m. 
 Ten transects
 were evenly spaced within each of five seagrass beds (Fig

1). A scar was recognized by a depression 
in trie

sediments where damaged 
rhizomes and few shoots were
usually visible. Anchor scars were distinguished from ray
feeding scars by being deeper, more e]ongated, and having

more broken rhizomes. 
Ten anchor scars were measured and
marked in June 1986. 
These scars were remeasured monthly

for 7 months. 
The error associated with measurement was +5 cm. The frequency of boat anchoring in FB and MB was

determined daily by counting the boats anchored overnight.
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Historical records of boat visitation were obtained from
 
the National Park Service. 
Rays and green sea turtles
 were censused daily for 105 days along a transect 800 x 1
 m in th.; swim area of FB (site D, Fig. 1).
 

Thalassia productivity
 

Thalassia leaf productivity was measured 7 times

primarily 
in MB due to labor constraints. Once,

productivity was measured simultaneously in MB and Great
 
Lameshur Bay (GLB). Measurements in GLB 
were taken in the

middle of GLB ca. 50 m from shore. 
All leaves within 1/4

m 
 quadrats were stapled above the meristem and collected
 
10-11 days later, following procedures of Zieman (1974).

Leaf lengths and widths were measured. Epiphytes were

removed from leaves with 5% HC1. 
Leaves were rinsed with
 
fresh water 
and dried at 90 0 C and weighed.
 

Ecology uf green turtles: grazing and movement
 
patterns
 

The goal of this research section was to determine an

estimate of the size of the turtle population in FB and

MB, feeding rates, and diurnal patterns in feeding.
 

The size of the turtle population was estimated by
daily direct observations by one individual for 10 months.

A second estimate was made during one 
day in August by 5

individuals sighting turtles in 
defined sections of the
 
bays. The Division of Fish and Wildlife (DFW)
independently 
 made three Snabel estimates of the
 
population via capture-recapture techniques during 1986
 
(R. Boulon, personal communication).
 

The behavior and grazing rate of Chelonia 
on

Thalassia was determined by observing 11 individual
 
turtles 
for 57 hours as they fed. Grazing rates were
 
calculated from estimates of the 
mean dive time of the
turtle, mean number of bites taken per 
dive, and ,,ean

number of hours spent feeding per day. A "home range" is

defined as the area traversed by a turtle during a normal
 
24 h day.
 

Diurnal patterns of grazing and -iovement of turtles

within the bays were also monitored remotely using

radiotelemetry (Ogden et al. 
1983). Turtles were caught

in a 200 x 10 m barrier net placed along the seaward edge

of a seagrass bed. Turtles were herded into the 
net and

then brought to the 
surface by swimmers. Turtles 
were
measured, weighed, and tagged with NMFS monel 
tags. A

subset of these individuals was surgically implanted with
 
ultrasonic transmitters before all the
were released at 
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capture site. The transmitters were 1 x 3-cm cylinders

operating at unique frequencies and pulse intervals
 
(Sonotronics, Tucson, AZ. ) Antibiotic-coated transmitters
 
were inserted subcutaneously into a 3-cm incision made
 
between the left rear flipper and plastron after local
 
anesthetization. The incision 
was sutured with digestible
 
gut or nylon. A total of 5 turtles were tagged with
 
transmitters.
 

Turtles were tracked using a directional hydrophone
 
connected to a receiver and headphone on a small bcat
 
inside a transmitting range of 200 m maximum.
 

Turtle exclusion fences
 

?i order to assess the potential for recovery of 
Thal2.ssia, turtles and boats were excluded from areas of 
seagrass in 3 m water depth in the southern par t of MB 
(sit:; A, Fig. 1 ). Two 4 x 4 m fences of 6 inch (15.2-cm)
mesh, extending from the sediment to just above the 
surface of the water, were placed in the seagrass bed on 1 
August 1986. The corners of the fences wrere supported and
 
anchored by steel reinforcing Liars (rebars).

Polypropylene guy ropes were attached from each corner and
 
anchored to more 
rebars driven into the sediment. The
 
emergent fence was painted fluorescent green and
 
surrounded by buoys to alert boaters.
 

Placement of the fences was determined in the
 
following manner. Fewer boats utilize the 
southern
 
portion of MB where the fences would be less of 
a hazard
 
to navigation. We sought to find 
areas in this section of
 
MB that a priori were as similar as possible in terms of
 
Thalassia density and productivity; however, these
 
par3.mreters are highly variable in FB and MB. 
Four sites
 
in as similar Thalassia density as possible 
were
 
identified as large enough for a fence, although one site
 
was visibly more dense. Four productivity measurements
 
were duplicated within each site (n= 8per site). Two-way
 
analysis of variance (ANOVA) of shoot density leaf, leaf
 
growth rates, and productivity was used to select the most
 
homogeneous sites for the fences and control areas (i.e.,
 
among sites, within sites). The site chosen did not
 
differ significantly (p < 0.05) in the average leaf
 
elongation 
 rate; however, there were significant
 
differences in density of Thalassia (p < 0.05) and
 
productivity (p < 0.01). There were no significant

differences among plots within a site nor did a site
subplot interaction occur.
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Six productivity plots were then established in each
exclosure and likewise outside each exclosure (controls).

Plots were located in the center of 
the exclosures to
minimize disturbance from the fences and were rotated to
 new areas at each sampling time to minimize experi.:ental

clipping of Thalassia. 
The control productiv'.y plots
were rotated likewise. Nested ANOVA's were used to detect
 
differences in Thalassia productivity among treatments.

Fences were checked for fouling and cleaned 
when
 
necessary.
 

RESULTS
 

Seagrass distribution
 

Seagrass distribution 
in 
 FB and MB has been

declining. 
 Kumpf and Randall (1961) reported seagrass
beds extending unbroken to 
the 10 fathom (60'; 18.3 m)

depth contour in both bays. 
Aerial photographs taken in
1975 showed the outlines of discrete small seagrass beds

occurring shallower 
than 18.3 m. These outlines appear
relatively unchanged in 1986 but seagrass coverage appears

thinner. 
 Seagrass bed§ of Thalassia, Syringodium, and
Halodule cover 54,692 m 
of the bottom of FB and MB (Figs.

3-7). Presently Thalassia is 
restricted to < 4 m (12')water 
depth and covers only 39,564 m of the delimited
 
seagrass beds. Thalassia typically occurs with
Syringodium in the middle of the beds while Syri.ngodium

and Halodule grow below the lower depth limit of Thalassia
 
to 6.2 m (20').
 

The mean density of Thalassia leaf shoots 
in FB and
MB ranged from 80-200 shoots m-, 
 with the density in FB

slightly higher than in MB (Table 1). 
 Using a regression

between shoot density and ciry weight, above-ground biomass
was calculated to range from 1.8-4.6 gm -
 (Table 1). The

leaf shoots appeared unhealthy. There 
was a reduced

number of leaves per shoot (mean = 2.3 + 0.5) (Zieman

1982). Leaves were 
very short and narrow, with a mean

length of 3.9 + 1 .82 cm and width of 4 + 0.7 mm (n = 265
leaves. 
 The leaf material was very achlorotic, fragile

and easily broken off by handling. It difficult
is to
estimate shoot density from leaf counts 
of Halodule

because of the variable number of leaves per 
Fhoot.
Syringodium shoots typically have two leaves, thus, half

the leaf density is a reasonable estimate 
of shoot
 
density.
 

9
 



Table 1. Density and biomass of Thalassia leaf shoots in Maho and Francis
 
Bays. Mean values +/- 1 s.d., n = 10 1/4 m 2 quadrats. 

Site # shoots m 2 g dry m-2
 

Maho Bay
 

A 80 + 85.4 
 1.8 + 1.96
 

B 138 + 77.1 3.2 + 1.77 

C 134 + 76.0 3.1 + 1.75 

Francis Bay
 

D 200 + 72.4 4 6 + 1.67 

E 152 + 76.1 .,.5 + 1.75 

FB and MB represent the only source of Thalassia for 
turtle grazing 
on the north shore of St. John between
 
Hawksnest Point and Leinster Point. There was large
a 

Thalassia bed on the south side of Mary Creek in Lei.nster 
Bay but most of the Thalassia was on a flat too shallow 
(<1 m water depth) for grazing by turtles. There was no 
evidence of grazing on this Thalassia. Watermelon Bay had 
a small amount of Thalassia growing among rocks in <0.5,
water depth. This Thalassia also was ungrazed. 
The other
 
bays surveyed had no Thalassia. Halodule and Syringodium 
were found in other northshore bays (Table 2).
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Figure 3. 	 Thalassio coverage in three seagross beds in April 1986.
 
Refer to Fig. 1 for location within Francis and Moho Bays.
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Figure 4. Thalassia coverage in one seagross bed in April 1986.
 
Refer to Fig. 1 for location within Francis and Maho Bays.
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Figure 5. 
 Tholassia coverage in one seagrass bed in September 198]6 
 . 
Refer to Fig. 1 for location within Francis and Maho Bays.
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Figure 6. 	 Tholassia coverage in three seagrass beds in December 1986.
 
Refer to Fiq. 1 for location within Francis and Maho Bays.
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Figure 7. Thalassia coverage in a seagrass bed in December 1986.
 
Refer to Fig. 1 for location in Francis and Maho Says.
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Table 2. Leaf density of Halodule and Syringodium in bays on the north
 
shore of St. John. Mean values +/- s.d.; n - 20.
 

Site Depth # Leaves m2
 

(m) 
Halodule Syringodium
 

Hawksnest Bay
 
western section 3.1 290 + 141 5 + 10
 

6.1 113 + 98 50 + 48
 

between public section
 
and Gibney private section1 6.1 84 + 71 154 + 102
 

2
Trunk Bay 6.1 143 + 65 0 + 0
 

Cinnamon Bay
 
Peter Bay area 6.1 209 + 115 
 21 + 3
 

1near channel markers
 
2
 western end of beach by swim buoys
 

Disturbances to seagrasses
 

In MB and FB the major disturbances to seagrasses are
 
boat anchor damage and grazing by green sea turtles.
 
Southern stingrays (Dasyatis americana) and bonefish
 
(Albula vulpes) create only minor disturbanceG in FB and
 
MB. 
 Grazing by green sea turtles will be treated in a
 
separate section.
 

Anchor damage Damage to seagrass roots and rhizomes
 
occurs when boat anchors are set in seagrass. When
 
place1, anchors sever roots and rhizomes. When anchors
 
are pulled up they disturb the sediments by exposing them
 
to highly oxygenated seawater and remove roots and
 
rhizomes from the sediments. Damage multiplies when
 
anchors are dragged through the bottom as inexperienced
 
boat operators use power to set anchors or when several
 
attempts are made to set an anchor.
 

Boating activities have increased demonstrably in FB
 
and MB (Fig. 8). In 1986, an average of ca. 10 more boats
 
per day anchored than in 1984 or 1985. During the years
 
data were taken, peak anchorage occurred in January
 
through April. In 1986 over 1000 boats anchored in the
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bays in both March and April. On certain weekends, 100
boats per day anchored in 
the bays. Reduced activity
occurred over 
several years from August through October
with minimum activity in September. Weekend days harbor
 more boats than midweek 
days. These figures are
conservative because they represent only boats anchoring
overnight and thus do not 
include the daily turnover of
 
day visitations.
 

Recognizable anchor scars left in the seagrass beds
ranged from 0-1 2
scar per 10 m (Table 3.) The average
size of the scars was 2
0.16 m . Scars were 
most numerous

along the beach of MB (sites B and C, Fig. 1). 
 This area
is the preferred anchorage for a large fleet of pleasure

boats that arrives on 
most holiday weekends when 10-30
boats were rafted together. These boats 
have been
responsible for the loss of research quadrats 
from the
 seagrass beds. 
 In contrast, the buoyed area designated

for swimming only 
in FB (site D, Fig. 1.) had no
 
recognizable anchor 
scars.
 

Bioturbation 
 The feeding activities of rays 
cause
characteristic scars in the bottom (Williams et al. 1985);
however, the resultant damage 
to seagrass roots and
rhizomes is not 
as severe as that created by anchors.
Except for the protected swim area of FB (site D, Fig.
1 . ), scars judged to be caused by rays were less frequent
than anchor scars (Table 3). Rays tend to 
be excluded
from well-developed seagrass beds (Ogden 1976), which is
another indication of the status of the seagrass in FB and
MB. The average sighting of rays on the census transects
conducted was 
one ray every 3.6 + 1.9 days or 
1 ray per
2857 m.
 

Several 
hundred bonefish 
were observed feeding in
groups of roughly 20 which would merge occasionally into a
large school. When schooled, bonefish created 
a large
sediment cloud which settled onto the 
seagrass blades.
Bonefish, however, did not break and expose rhizomes.
 

Thalassia leafproductivity
 

The productivity of leaves was measured 9 times from
April through November 
 1986 (Table 4), excluding
measurements made during the turtle exclusion experiment

to be described later. Productivity ranged from 33-97 mg

dry weight m 2 d-1
 .
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Figure 8. 
 Mean number of boacs anchoring overnight in Francis and
 
Maho Bays.
 



Table 3. Frequency of scars in seagrass beds left by anchors 
or feeding

activities of rays. 
 Mean values +/- s.d., n = 10 transects. 

Site -2
# Scars 10 m
 

anchor 
 boat
 

Maho Bay
 

A 
 0.5 + 0.1 0.3 + 0.5
 

B 
 0.6 + 0.8 0.1 + 0.3
 

C 
 1.0 + 1.2 0.2 + 0.4
 

Francis Bay
 

D 
 0+ 0 
 0.2+0.4
 

E 
 0.1 + 0.3 0.1 + 0.3
 

The effects of disturbances on the net productivity

of the seagrass in and is
beds FB MB shown in the

comparison (September 1986) be'ween MB and Great Lameshur

Bay. GLB is the south shore of St.
on John and has few

turtles and relatively little usage by boaters, although

there may be other, less obvious factors that differ. The
 
mean areal productivity in GLB differed 
significantly from
 
that in MB at a similar depth (p < 0.001).

productivity of Thalassia in GLB was 

The
 
2.6 times greater


than in MB, attributable in part to significantly higher

shoot density in GLB (p < 0.02). 
More importantly, the
 
average 
leaf growth per individual shoot was also
significantly higher in GLB (p < 0.001). Thalassia in GLB
 
was 
green and healthy appearing.
 

Observations 
on green sea turtles in Francis and Maho
 

The green sea turtle population size in FB and MB is
 
estimated at roughly 50 subadults (4-60 kg, averaging 26.2
kg; R. Boulon, pers. com.). 
 The average frequency of
turtles sighted on the census transect was 3.1 + 1.1 
turtles per day or 1 turtlo per 258 m. The turtlessighted on the transects were usually one or more of 5-6
individuals. In 1986, DFW tagged 62 individuals during 7captures in FB and MB (R, Boulon, pers. corn). Only three 
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of these marked individuals were subsequently recaptured
 
and many untagged individuals remain, indicating a fairly
 
high turnover of turtles in the bays. At least 6
 
individuals, however, maintained their home ranges
 
throughout the 8 months of observation and three
 
recaptured turtles were found where originally caught.
 
The populaticn size remained fairly constant during the
 
study indicating that emigration from the bays was equal
 
to immigration into the bays.
 

Five turtles were implanted with radio transmitters.
 
One turtle was lost immediately upon release, either
 
moving out of the bays or remaining undetected in the bays
 
due to a disfunctional transmitter. Two turtles were
 
tracked for 103 h between 0430-1200 h, 87 h between 1200
1800 h, and 12 h between 1800-2400 h over 27 days before
 
their transmitters fell out. These individuals were then
 
observed in their home ranges until the end of the study
 
(5 additional months). The other two turtles were tracked
 
for 57 h between 0430-1200 h, 40 h between 1200-1800 h,
 
and 3 h between 1800-2400 h over 17 days before they left
 
the bays.
 

These radio-tagged turtles maintained discrete home
 
ranges 300 m in diameter, that included areas of the
 
bottom covered by Thalassia and ;',cks where the turtles
 
slept. Each morning the turtles left their rest area to
 
begin feeding on seagrass approximately 2 h after dawn.
 
The turtles continued to feed for 9 h before retiring to
 
the rocks to sleep. Occasionally a turtle would sleep at
 
midday. No movement occurred at night. The behavior of
 
the turtles tracked was similar to that of other turtles
 
observed in the bays.
 

The average time that turtles spent on a dive to feed 
was 3 minutes 52 seconds + I nin. 27 seconds, ranging from 
1-9.25 min. During each dive, an average of 20 + 4 bites 
of seagrass were taken per minute, ranging from 10-36.
 
Turtles bit off the upper exposed half of whole shoots of
 
Thalassia, although occasionally an entire shoot would
 
become detached due to the fragility of the seagrass. The
 
frequency of consumption of plants was Thalassia >
 
Syringodium > Halodule and algae.
 

Carrying capacity for green sea turtles
 

Net productivity of Thalassia in FB and MB was
 
estimated to be sufficient to support 11-31 subadult green
 
turtles (Table 6). This estimate is quite close but lower
 
then the estimated population size of 50 turtles. The
 
calculation assumes that all Thalassia productivity goes
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to turtle grazing while in reality an undetermined amount

of detritus is formed and a 
minimal amount goes to other
herbivores. Syringodium, Halodule, and algae 
were not

considered as food although they were 
utilized by the
turtles. The calculation suggests that if such alternate
 
resources are not utilized at a rate equivalent to grazing

of Thalassia, then the resident turtle population would
 
cause a reduction of Thalassia standing stock at a rate of
 
1-7% d-1 .
 

Table 4. Productivity of Thalassia leaves in Francis 
(FB), Maho (MB),

and Great Lameshur (GLB) Bays. Mean values +/- s.d. (s.d. in
 
parenthesis for shoot density). 
Data are from 1986.
 

Shoot 
 New Leaf

Date Site n Density Productivity 
 Production
 

- 2  - mg dry m d 1 ug dry shoot Id-1 / m- 2 d 1 

4/8-22 MB-A 10 67(48) 
 33.0 + 25.8 480 + 82 7.3 + 5.9
 

MB-B 10 121(65) 42.0 + 23.6 
 350 + 110 3.0 + 3.2
 

5/16-27 MB-A 10 75(67) 57.1 + 32.6 670 + 200 
 4.0 + 4.1
 

MB-B 10 128(76) 33.3 + 21.5 
 480 + 170 8.0 + 5.5
 

6/2-13 MB-A 32 140(46) 80.6 + 31.3 
 590 + 160 9.4 + 5.4
 

9/6-14 MB-A 10 166(53) 96.5 + 43.9 
 590 + 150 11.2 + 5.2
 

GLB 10 222(45) 252.3 + 70.5 
 1240 + 260 6.6 + 2.8
 

11/12-20 MB-A 10 164(46) 72.5 + 
16.0 450 + 78 8.3 + 3.2
 

FB 10 202(53) 86.5 + 23.0 
 440 + 130 7.5 + 4.3
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Table 5. 	 Percentages of time spent by radio-tagged green turtles in
 
different areas of seagrass beds in Francis and Maho Bays.
 

TYPE OF SEAGRASS BED
 

Syringodium and Algae Syringodium and Thalassia
 

Turtle
 

1 50 	 50
 

2 	 20 
 80
 

3 100 
 0
 

4 0 
 100
 

Table 6. 	 Calculation of the carrying capacity of Thalassia in Francis
 
and Maho Bays for green sea turtles. Data from this study.
 

Grazing Requirements for Chelonia
 
Consumption of Thalassia: 11.5 rng dry bite -1 turtle-1
 

Feeding rate: 1200 bites turtle - 1 h -1
 

- 1 - 1

Feeding duration: 	 9 h turtle d
 

- 1 - 1

Grazing rate: 124.2 g dry turtle d
 

Thalassia Production
 
2
Size of Thalassia beds: 	 39,463 m
 

-2 - 1
Thalassia productivity: 	 33-97 mg dry m d
 

Total Thalassia production: 1,302 g dry d- 1
 

Carrying Capacity: 	 11-31 subadult turtles
 

Estimated Impact of Population on Thalassia
 
Population size: 50 subadult turtles
 

- - 1
Grazing requirements: 6210 g dry population d
 

Grazing requirements unsupported
 
-
by Thalassia productivity: 2,382-4,908 g dry d
 

Thalassia 	standing crop: 72,612-181,530 g dry
 
Rate of loss of standing crop to
 

- 1
 
grazing: 	 1-7% d
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----- - -- -- -- ------------------- -- -- -- -- ------- --

Potential for 
recovery of Thalassia from disturbances
 

Anchor scars There was 
little recolonization of anchor
 
scars by seagrasses during 7 months (Table 7). The age ofthe scars when marked was unknown thus 6 months represent

a minimum recovery period. Swells acted 
to fill the scars
with sediment. Regrowth of Halodule 
occurred more
frequently than Syringodium or Thalassia 
regrowth.

Thalassia regzowth was 
limited to one rhizome in one
 
scar.
 

Turtle Exclusion Experiment There 
were no significant

differences inproductivityparameter whenexclosures 
were
established in August 1986 
(Table 8). After 3 months of
being excluded from turtle grazing 
and anchor damage,
Thalassia inside 
the fences showed higher rates of
productivity per shoot than the controls. 
The leaves ofThalassia in thc exclosure were significantly longer (p <0.001 ) than those outside: 6.4 + 2.7 cm versus 3.7 + 1 .8 ( 
n = 67), 

Table 7. Changes in size of anchor scars. 
 Length and width of 
scars
 
in cam. No change in size indicated by "nc".
 

DATE 4/14 5/16 6/23 7/24 
 8/23 9/20 10/26 11/30
 

Scar
 

1 35x25 nc 35x30 45x25 55x35 40x35 25x30 35x25 
2 
3 

45x30 
50x3O 

nc 
nc 

nc 
50x40 

35x30 
nc 

nc 
nc 

40x35 
40x30 

nc 
nc 

40)25 
35x25 

4 
5 
6 

60x35 
45x30 
35x30 

60x3Y 
40x30 
nc 

nc 
35x35 
40x35 

40x35 
35x20 
nc 

55x55 
40x25 
nc 

40x40 
35x30 
40x45 

30x30 
35x35 
35x35 

nc 
35r'25 
30x25 

7 

8 
40x50 

70x40 
35x50 

60x40 
55x40 

55x40 
50x30 

60x35 
nc 

55x45 
45x40 

55x40 
45x35 

35x20 
35x40 

nc 
9 
10 

40,440 
40x30 

nc 
45x35 

45x35 
nc 

50x40 
50x35 

60x45 
nc 

50x45 
40x35 

45x45 
40x40 

nc 
45x40 
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Table 8. 	 Comparison of productivity of Thalassia leaves grazed by 
turtles (controls) and protected from turtle grazing and 
anchor damage (exclosures). Mean values +/- s.d. n = 6. 
Mass in dry weight. 

Date Months Shoot 
Elapsed Treatment Density Productivity 

mgm-2 d"1  ug shoot-1 d-1 new lvs m-2 d - 1 

-------- ------------------------------------- ----- ----- -- -- ----

8/1 0 Controls 

East 85 + 35 42.0 + 16.0 630 + 520 4.3 + 1.1 

West 83 + 45 53.2 + 14.9 600 + 171 3.3 + 1.7 

Exclosures 

East 117 + 58 52.8 + 16.3 490 + 110 5.4 + 2.2 

West 100 + 32 64.0 + 14.8 670 + 100 3.6 + 1.5 

10/31 3 Controls 

East 109 + 34 67.3 + 23.7 630 + 200 6.0 + 2.1 

West 177 + 32 78.7 + 17.3 450 + 85 8.7 + 2.1 

Exclosures 

East 147 + 41 108.0 + 20.0 750 + 170 7.5 + 2.3 

West 106 + 23 95.3 + 19.8 910 + 150 3.8 + 0.8 
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DISCUSSION
 

The seagrass beds in FB 
and MB are very stressed.

The extent of the beds has declined dramatically since the1960's (Kumpf and Randall 1961 ). This study is the first
comprehensive survey of the seagrass in FB and MB since

then although 
Beets and Lewand (1984) described one
transect across a depth gradient in MB 
where seagrass grew

to a lower depth of 3 m.
 

Stress 
 is also evident in the extremely low

productivity of Thalassia in FB and MB. 
A typical rangy
in leaf productivity for Thalassia is 0.7-27g drym- dT
(using carbon conversions and data of McRoy and McMillan
1977; 
 assuming 90% of whole plant productivity is

contributed by leav s, Patriquin 1973). 
Thalassia leaves

produce 1-6 g dry m- d - 1 in slightly deeper beds in TagueBay (hereafter referred to as 
"TB"), St. Croix (Williams,

unpublished data). Lameshur Bay on the south shore of St.
John provides the best available example of an undisturbed 
seagrass bed for comparison to FB and MB. Although arealproductivity of Thalassia in LB is only in mg m- 2 d -1 , the 
rate is twice as great 
as in MB.
 

Density and biomass of photosynthetic shoots and leaf
growth rate all 
contribute to areal productivity. Leaf

shoot density is somewhat lower 
in FB and MB but still
within the range of the more 
undisturbed seagrass beds
 
above for comparison. 
For example, density of Thalassia
 -ranges from 132-236 shootsim in TB on St. Croix and 152
276 in LB. The comparatively low productivity in FB and
MB is apparently more a function of sparse stunted leaves 
and slow growth rates shoot
than density. Leaf and
biomass in FB and MB ranges from 2-5 g m- compared to 1581 in TB (Williams unpubl. data). ThalassLa leaves in FB 
an MB grow < 2 mm d-1 . Typical rates range from 2-6 mm 
d- (McRoy and McMillan 1977).
 

Similar studies on 
the effects of grazing by green
sea turtles on Thalassia productivity have been made
St. Croix (Tighe 1981, Miller 

in 
1981, Zieman et al. 1984).The results 
are not strictly comparable to FB and MB
 

because no shoot-specific productivity values

available from St. 

are
 
Croix where leaf biomass of turtlegrazed Thalassia is an order of magnitude higher than in 

FB and MB.
 

The green sea turtle population in FB and MB is one

of the largest in U.S. territory. Grazing by turtles in
FB and MB is more intensive than 
reported elsewhere

(Bjorndal 1980, Ogden et al. 
1983). Except for small
a 

area in FB, the turtles graze all the seagrass in the bays 
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rather than creating grazing scars buffered by adjacent
 
ungrazed seagrass. Turtles in FB and MB graze
continuously for 9 h daily instead of resting at midday.
Despite feeding throughout the day, the turtles consum 
half" the amount reported elsewhere ( > 200 g dry turtles" 
- 1
d Fenchel et al. 1979, Bjorndal T980, Thayer et al.
 
1982). Consumption rates, however, may be related to
 
turtle size. Turtles in FB and MB were smaller 
than the
 
50-170 kg size in the studies cited above. Such
 
differences in feeding behaviour may occur in response to
 
reduced fooO.sources inFB and MB. Thalassiaproductivity
 
is very low. Achlorotic 2eaves suggests nitrogen stress
 
and thus poor quality forage.
 

The suboptimal quality of FB and MB as habitat for 
the turtles is also expressed in its low carrying capacity
of 1 subadult turtle per 1000-3600 rl 2 . Bjorndal (1981 
calculated a much higher capacity of 1 turtle per 72 
m
 
for a 'ess disturbed Thalassia bed.despite using a higher

consumption rate. The turtle population in FB and MB is
 
presently at or abovre its carrying capacity. 
If alternate
 
food resources cannot be utilized at the necessary rate, a
 
decline 
in the population is predicted. If declines in
 
the seagrass or its productivity continue, the carrying
 
capacity will be further reduced. Whether green turtles
 
have become concentrated in FB and MB in response to the
 
decline of seagrass beds on St. John over the years is
 
unknown. FB and MB, however, are presently the sole
 
source of Thalassia, the turtles' preferred food, on most
 
of the north shore cf St. John. Other bays on the north
 
shore support smaller populations of juvenile turtles.
 

Damage to the seagrass caused by anchors in FB and MB
 
is more serious than grazing by turtles because anchors 
destroy the regenerative capacity of seagrass roots and 
rhizomes. An average of 2.5-6.5 m2 of the bottom of the
 
bays is destroyed by boat anchors every day. If one
 
quarter of the damage occurs in the existing seagrass

beds, 0.7-1 .8% of the seagrass beds will be lost yearly

and the carrying capacity for turtles will be reduced 
accordingly. 

Thalassia is extremely slow to recover from 
disturbances and often requires decades 
once roots and
 
rhizomes are uprooted (e.g., Fuss and Kelly 1969, Kelly et
 
a . 1971, Patriquin 1975, Zieman 1976). Uprooted quarter
 
m 
 plots completely surrounded by a dense well-developed
 
seagrass bed on St. Croix required 4-5 years to 
recover
 
their former seagrass vegetation (Williams unpubl. data).

Initial regrowth into anchor scars in this study took at
 
least 6 months and the colonizing plant was Halodule more
 
frequently than Thalassia. Although only 3 months of data
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were obtained after the turtle (and boat) exclosures were

established, initial results are promising for recovery of
Thalassia when protected. 
 Longer leaves inside the
exclosures provided 
more photosynthetic area 
and although

areal productivity changed little, 
the productivity per

shoot increased.
 

Recommendations for management
 

The seagrass beds in FB and MB are in critical need
of preservation. 
 They provide a large population of
endangered green turtles with the only source 
of their
preferred food Thalassia on 
the north shore of St. John.

The bays are at 
or above their carrying capacity for the
turtles. 
This carrying capacity appears low compared to
less disturbed Thalassia as result of
a 
 the suboptimal

seagrass forage (i.e., 
low productivity, low biomass).

Perhaps in response to the poor food resources, which are
nevertheless 
the test available, the 
turtles exhibit
deviations from the 
feeding behavior observed in less
 
disturbed seagrass beds.
 

Reduction or elimination of anchorage in the existing

seagrass 
beds is recommended. 
 The temporary buoys
established in September 1986 
in the seagrass beds in FB
appeared 
 to be effective at restricting boats.
Restrictive demarcation of boats in the bays should extend
 
as far beyond the lower depth limit of seagrass growth as
feasible. 
 The additional zone may enable the beds 
to
expand after several years; presently, this would be the
only means of increasing the carrying capacity of the beds
and reducing the grazing stress--assuming that the turtle
 
population does not 
increase.
 

The consequences of taking no management action are
profound, given the increase in boating activity and the

decline in the seagrass beds to their 
current fragile
state. Sustained loss of the seagrass would have a large

effect on 
the turtle population. Loss of 
the seagrass
could also result in loss of the valuable beaches in FB
and MB. 
Seagrasses exert considerable influence on water
motion and sediment transport processes and stabilize

sediments (Scoffin 1970, Burrell and Schubel 1977, Fonseca
et al. 1982, Fonseca et al. 1983). Although sparse, the
 seagrass beds 
in FB and MB may be preventing beach
 
erosion.
 

Procedures for mitigation of loss of seagrass beds
have been developed; 
they include transplantation of
intact plugs of seagrass of seedlings (Thorhaug and Auctin
1976, Lindall et al. 
1979, Thayer et al. 
1982, Phillips
and Lewis 1983). Presently, however, results from
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experimental restorations are not consistent (Fonseca 
1987). Seedlings are prohibitively expensive at 
$182,900/hectare and their survival is < 30%. Plugs show 
a higher survival rate and cost $27,000-85,000/hectare. 
Plugs need to be taken from a nearby source seagrass bed. 
Because of the resultant damage to the source bed and the 
long recovery time involved, the plug technique has been 
recommended only where there are nearby source beds 
scheduled for destruction. Material for FB and MB would 
have to come from the south shore. Because of the 
relatively steep slope of FB and MB and the exposure to
 
ocean swells, transplanted plugs are likely to fare poorly
 
and seedlings would not be recommended. If these
 
procedures are pursued, transplants would require
 
protection from anchors and grazers.
 

Recommendations for research
 

The following list provides recommendations for
 
research topics to follow this study:
 

1. 	 Determine the amount of forage other than
 
Thalassia in the turtles' diets and calculate
 
a carrying capacity including all food
 
resources.
 

2. 	 Determine the nutritional quality of the forage
 
(protein and carbohydrate analyses).
 

3. 	 Monitor changes in productivity and shoot
 
density of Thalassia in the exclusion cages
 
every 4-5 months for at least 1 year. If cages
 
are removed, observe grazing on the previously
 
protected Thalassia to determine if it is
 
preferred.
 

4. 	 Map the seagrass beds every 3-5 years.
 

5. 	 Monitor anchoring that occurs in the seagrass
 
beds.
 

6. 	 Monitor the turtle population for changes in
 
size and growth rates of individuals.
 

7. 	 Monitor seagrass size, density, and producti
vity within areas protected from boating
 
activities.
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ABSTRACT
 

A fish and shellfish (conch 
and lobster) population
study was conducted from November 1985 through June 1986
at 
Buck Island Reef National Monument (BUIS), 
St. Croix,
U. S. Virgin Islands. The objectives of the project were:
(1) to replicate fish census 
studies conducted by previous
researchers in BUIS and compare their results to the present

study; (2) to 
evaluate the impact of commercial trap fishing
on BUIS 
reef fish and lobster populations; (3) 
to collect
baseline data. on 
conch and lobster populations at specific
sites within BUIS; 
 (4) to determine the effectiveness
of the protective legislation 
at BUIS in sustaining or
increasing 
 fish and shellfish populations; and (5) to
develop 
a long-term monitoring scheme 
for BUIS fish and
 
shellfish populations.
 

Based on reef 
fish community census studies at BUIS,
an area of limited fishing pressure, and Tague 
Bay, an
 area of unrestricted 
fishing pressure, BUIS reef 
fishes
 are decreasing at 
a rate equal to or greater than reef
fishes at Tague Bay. 
 The most abundant group of
commercially important 
reef fish species present within
BUIS are the herbivores, represented b, the 
surgeonfishes

(blue tang, and ocean 
 surgeonfish) and 
 parrotfishes

(stoplight, princess, redtail and red band).
 

Mean conch density in the seagrass bed west of Buck
Island for the six-month study period 2
was 1 conch/7m .
More than 98% of the 
conch censused were juveniles--those

lacking a flared lip.
 

The average density 
of Caribbean spiny lobster for
the six-month study period 
at the west patch reef (WPR),
north patch reef 
(NPR) and south fringing reef (SFR) 
was
1.2 lobster/624 M , 1.5 2
2 lobster/165 m
 and 1.3 lobster/1500
 
m 2

, respectively.
 

Based on past 
 sampling interviews 
with commercial
fishermen and fish trap studies conducted in BUIS, estimates
 on commercial fishing effort with 
 fish traps in BUIS
indicate that 6,656 lbs. of reef fish 
and 1,996 lbs. of
lobster may be removed 
from BUIS waters each year by 16
fish traps hauled twice/week. Additionally, an estimated
8,320 
lbs. of fish are removed by 29 fish 
traps adjacent
to BUIS waters. Although limited 
to two lobster and two
conch/person/day 
from BUIS waters, the recreational harvest
of these resources, unknown 
at present, may be substantial,

based on 60,000 BUIS visitors/year.
 

Due to the small size 
of the protected area afforded

by BUIS, reef fish and 
shellfish (conch and 
lobster) are
adversely impacted by 
a relatively 
small but concentrated

commercial and recreational fishing effort both in and
adjacent 
to park waters. 
 This impact may be exacerbated
 
by the environmental degradation of the coral reef ecosystem

due to natural and man-induced causes.
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INTRODUCTION
 

Buck Island Reef National Monument (BUIS), located
approximately 
9.0 km (5.6 mi.) northeast of "hristiansted,
St. Croix, and 1.6 km 
(1.0 mi.) north of Tague Bay, St.
Croix, consists of a land mass of 
0.7 sq. km (180 ac)
and surrounding nu"rine environs of 3.0 sq. ki, (740 
ac).
Managed by the U. S. Department of the Interior, National
Park Service, BUiS 
receives approximately 
60,000 Tisitors
 
each year.
 

In an effort to preserve the marine resources within

the boundaries of without
BUIS completely restricting
traditional local commercial fishing, protective legislation

-"as enacted during acquisition of Buck 
 Island by the
National Park Service in 
1962. This was done to prohibit
fishing 
of any type within the area designated as the
"marine gardens" 
 (the area within the 
 eastern barrier
reef systein of Buck Island) and 
to allow fish trapping
and line fishing in the remaining waters. Lobster
conch fishing were reduced two 

and
 
to spiny lob-:ter and two
conch per 
person per day outside the "marine 
gardens".
The effects of this protective legislation within 
BUIS
 on commercial fisheries are fully
not known. Despite
this limited protection, concessionaires 
and park rangers
report that 
they have observed a severe decline 
in BUIS
fish populations over 
the years. Fish populations at
BUIS are believed to be decreasing at nearly the same
rate as adjacent St. Croix 
reef areas because of the
impact from trap the
fishing, principal commercial f hing


method employed by artisanal fishermen.
 

The traditional 
 Virgin Islands commercial fishery
is a multi-species, multi-method 
fishery, due to both
the limited availability of any species
one 
 for profitable
commercial exploitation year-round and the 
artisanal nature
of the fishery. This fishery has 
been and continues to
be based upon fisheries 
 resources associated with the
narrow insular shelf around the U.S. and 
British Virgin
Islands. Data presented 
by Olsen and LaPlace (1978),

Olson et al. (1983) and Wood and 
Olsen (19c3) show that
these resources 
have been over-harvested 
in the past or
 are approaching the limits of their resource 
potential.
 

Fish community structure 
 at BUIS was studied by
Gladfelter 
 (1977) visual
et al. using census techniques.
Their results indicate 
 that the fish community at the
eastern barrier reef system of Buck 
Island consisted of
a high abundance of individuals (several species 
 of
parrotfish, damselfish 
 and snappers); however, 
 species
diversity 
 was low. Those individuals present were
relatively large in size. 
 Simpson (1979) studied the
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changes in fish community structure at BUIS monthly over
 
a one-year period by visual techniques and employed fish
 
traps to study the effects of fishing pressure on the
 
growth rate and size of fish in BUIS vs. Tague Bay. Fish
 
abundance was found to be greater during the fall and
 
winter months and diversity varied according to the type
 
of habitat available. Based on fish trapping results,
 
only two species of fish were found to be significantly
 
larger within BUIS (low fishing pressure) than in Tague

Bay (moderate fishing pressure). Differences in the rate
 
of growth of fishes were not apparent with the methods
 
used during the study period.
 

This report represents the results of a cooperative
 
study, conducted by the Division of Fish and Wildlife
 
(DFW), Fairleigh Dickinson's West Indies Laboratory (WIL),
 
and the National Park Service (NPS), on the Buck Island
 
fish and shellfish populations during the period November
 
1985 to June 1986. The objectives of the project were:
 
(1) to replicate fish census studies conducted by previous
 
researchers in BUIS and compare these results to the present
 
study; (2) to evaluate the impact of commercial trap fishing
 
on BUIS reef fish and lobster populations; (3) to collect
 
baseline data on conch and lobster populations at specific

sizes within BUIS; (4) to determine the effectiveness
 
of the protective legislation at BUIS in sustaining or
 
increasing fish and shellfish populations; and (5) to
 
develop a long-term monitoring scheme for BUIS fish and
 
shellfish populations. Emphasis was placed on resurveying
 
specific habitat 
 areas studied by previous researchers
 
and standardizing new methodologies for assessing previously

unsurveyed marine resources. The DFW assumed overall
 
project responsibility and conducted census surveys of
 
commercially important fisheries resources including reef
 
fish, conch and lobster. The WIL maintained administrative
 
responsibility for the project and conducted 
reef fish
 
census surveys. The NPS provided logistical support
 
including boat transprt,.tion to the study site, diving

assistance, establishrient of study transects and a visual
 
survey of the commercial trap fishing effort in and adjacent
 
to BUIS waters.
 

METHODS
 

Reef Fish
 

The present fish community structure at BUIS was
 
determined by employing visual census techniques, consisting 
of replicate 15-20 minute timed censuses with scuba 
equipment, at four sites (north patch reef - NPR, south 
patch reef - SPR, reef crest - RC, and deep fore reef/bank
bottom - FR) (Figure 1). These sites were located in 
the "marine gardens", which is an area restricted to all 
fishing. Two sites in Tague Bay (Patch Reef #2 and Patch 
Reef #8) were also selected for comparative purposes (Figure
1. in Gladfelter and Gladfelter, 1978, reef fish census).
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These patch reefs represent 
areas of heavy fishing pressure
and were 
the subject of earlier studies. Censusing methods
were identical to those used 
in previous studies to permit
comparative data analysis. Each study 
site was circled
by one or more divers and all species of fish were recorded.
The number of replicate censuses varied 
between three
and four depending on the number divers
of available.
The variability diver
in data collection 
was reduced by
employing the same divers throughout the study.
 

The NPR and SPR 
sites at Buck Island were identical
to 
 those areas surveyed by Gladfelter et al. (1977),
Gladfelter and 
Gladfelter 
(1980) and by Simpson (1979).
The NPR was located landward of North
the Scuba Cut and
consisted of a 
dense matrix of dead elkhorn coral (Acropora
palmata) covered 
by a mixed algal turf. The patch reef
rose 
from 3 m water depth to the surface and was surrounded
by rocky bottom substrate on three sides and sand on the
fourth side. The approximate size of the is 2
NPR 165 m .
The SPR was located northwest of 
the main channel entrance
to the "marine gardens" and was approximately the 
same
size as the NPR. The patch reef consists of an elevated
open platform with loose coral rubble and some live Acropora
palmata and Montastrea annularis. 
 It was surrounded by
 
a sandy bottom 3 m deep.
 

The RC and FR study sites were identical to those
surveyed by Gladfelter et al. (1977). A 150-m long by
25-m wide transect, originating near 
the entrance of the
snorkeling trail, was established 
over the reef crest
in a northerly direction. The transect bisected 
the reef
crest, sandy bank 
bottom, and two offshore patch reefs
or "haystacks". The "haystacks" consisted of the elkhorn
coral Acropora palmata growing from a 
bottom depth of

10 m to within 1 m 
of the surface.
 

The fish census sites in Tague 
Bay, Patch Reef #2
and Patch Reef #8, were 
identical to those surveyed 
by
Gladfelter and Gladfelter (1978). patch reefs
Both 
 were
located in the eastern portion of 
Tague Bay in m
3-5 water
depth and consisted of carbonate pavement and dead Acropora

palmata surrounded by turtle 
grass (Thalassia testudinum)
and manatee 
 grass (Syringodium filiforme). The 
 areas
of Patch Reef #2 and Patch Reef #8 were 2,500 2
m and 850
 
m 2 , respectively.
 

Diurnal fish 
 censuses 
 were conducted monthly from
November through May 
for the Buck Island sites. 
 The Tague
Bay sites were censused diurnally in April 
and June 1986.
Nocturnal censuses 
were conducted 
at the Buck Island sites
in June 1986. The fish species censused were placed in
the following abundance categories based on numbers present

(Simpson, 1979):
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Abundance Category Number of Fish
 

1 
 1
 
2 
 2-5
 
3 
 6-10
 
4 
 11-24
 
5 
 25-50
 
6 
 51-100
 
7 
 > 100
 

The abundance of commercially important reef fish
 
species was determined by employing a random point, visual
 
census technique (Bohnsack and Bannerot 1983; Boulon et
 
al. 1985) monthly for a period of six months at the four
 
study sites previously designated for the fish community

structure study within the BUIS. The selection of key

fish species of commercial/artisanal importance was based
 
upon (1) biostatistical (length/weight) measurements
 
obtained from port sampling surveys of the catch of
 
commercial fishermen fishing in or adjacent to BUIS, and
 
(2) biostatistical measurements obtained from the 
 catch
 
of commercial trap fishermen from Lang Bank who participated

in the Division of Fish and Wildlife biostatistical reef
 
fish sampling program (Clavijo et al. 1986).
 

Four fish traps, one each at the four study sites
 
used by Simpson (1979) (two in BUIS - NPR and SPR and
 
two in Tague Bay - patch reef #18 (Gladfelter and Gladfelter
 
1978) and Tague Bay back reef northwest of patch reef
 
#18), were deployed to obtain individual lengths and weights

of commercial fish species. The fish traps deployed were
 
typical single funnel West Indian "arrowhead" or "chevron"
 
traps with a downward-opening funnel in the apex of the

11V11 . 

Dimensions of the traps were similar to those deployed

by Simpson (1979), approximately 1.5 m wide, 1.25 m long

and 0.5 m high. The traps were constructed with a wood
 
frame and supports of locally cut "bunchberry" sticks
 
over which is fastened 3.2 cm hexagonal mesh galvanized

wire. Soak time for all traps was initially 7 days;

however, injured fishes observed in Buck Island fish traps

necessitated hauling these traps twice weekly. 
 Munro
 
(1974) has shown that total 2atch is relatively constant
 
for a soak time of 6-7 days. The length/weight measurements
 
of commercial fish species were compared identical
to 

fish species caught by commercial fish trap fishermen
 
in the immediate vicinity of Buck Island and on Lang Bank
 
reefs to the east to determine if significant differences
 
existed in the length and weight of fishes due to 
fishing
 
pressure.
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Conch
 

The 
abundance of queen conch (Strombus gigas) 10 m
deep, in BUIS was censused along 
two 332 m long parallel

strip transects, 
four meters in width extending due
from a point approximately 30 m east 

east
 
of "E" buoy, through
a large seagrass bed comprised of Thalassia testudinum


and Syringodium filiforme (Figure 
 1). Transect depth
was 10 m. This seagrass bed, near the western park border,

represents the only major conch habitat 
area at Buck Island.
The seagrass bed is bordered to the north by coral reef,

to the west by a steep dropoff at the shelf edge, 
to the
south by a sandy algal plain 17 m deep, and to the east
by Buck Island. 
 Total seagrass bed area is approximately

16xlO 5 m2. The transect lines consisted of nylon line
secured to 
steel stakes driven into the bottom substrate,

thus supporting the line 30.5  45.7 cm above the bottom.
This was necessary to 
allow free movement of the conch
 
through the area. and
study Adult juvenile conchs

counted in a two-meter 

were
 
wide strip on both sides of the
transect line, following a technique used by Boulon 
(1985).
Conch transects were conducted monthly a of
for period


six months to establish density.
 

Lobster
 

Lobster population censuses 
were made monthly for
 a period of six months 
at three study sites within BUIS:

(1) the patch reef located due north of 
the west end of
Buck Island behind the barrier reef designated as the
west patch reef (WPR), (2) the NPR, and (3) south 
fringing

reef (SFR), east of the 
"marine gardens" entrance (Figure

1). The three 
sites were selected because they represent

typical reef communities within 
 BUIS, were surveyable

using diving or snorkeling techniques, and represent good
lobster habitat. 
 The census survey consisted of a 15-minute

timed search for 
 both spiny lobster (Panulirus argus)
and spotted lobster 
 (Panulirus guttatus). The numbers

of lobsters observed 
and size class (spiny lobsters only):
legal > 3.5 in. carapace length or short: 
(3.5 in.) were

recorded. Lobsters were 
censused visually 
and size classes
 
were estimated to minimize lobster 
 disturbance. Diver

observations were compared to 
verify lobster counts.
 

Fishing Effort
 

Approximately 90% 
 of all commercial fishing effort

in BUIS is by trapping. A determination of trapping effort
within and adjacent to BUIS waters was made by the NPS

and 
DFW. At Buck Island, two park rangers conducted a
visual survey, one ranger stationed on the Buck Island
observation tower 
and another patrolling offshore in a
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boat. The ranger on the observation tower was able to
 
observe fishing activities throughout most of the northern
 
and western waters of the Monument; Buck Island topography

obscured the view of remaining waters. The ranger in
 
the patrol boat observed fishing activities in the remaining

southern and easternmost waters of the Monument. The
 
"boat ranger" also obtained registration numbers of each
 
fishing boat. Each 
 ranger recorded trapping locations
 
of each boat on a map. Radio contact between the rangers

and later after-observation debriefings were used to compare

and coordinate fish trap counts to obtain 
 accurate
 
information on trap lucations and numbers. Rangers 
were
 
deployed at observation locations prior to arrival of
 
fishing boats from 0800-0900 hours over a period of four
 
months on Wednesdays and Saturdays, traditional fishing

days. Commercial artisanal fishermen seldom
have been
 
observed on other days when early morning patrols 
have
 
been conducted.
 

DFW personnel conducted weekly port sampling interviews
 
with commercial fish trap fishermen 
fishing adjacent to
 
BUIS waters to obtain pertinent catch/effort information.
 
Vessel registration numbers were compared with data obtained
 
by the NPS to accurately access fishing effort.
 

RESULTS
 

Reef Fish
 

The relative abundance of reef fish species present 
at the BUIS and Tague Bay study sites, based on census 
surveys made from November 1985 - June 1986, are shown 
in Table I. This data was compared to similar reef fish 
census data collected by Simpson (1979) for BUIS NPR and
 
SPR sites, Gladfelter and Gladfe.ter (1980) for the BUIS
 
FR site, and Gladfelter and Gladfelter (1978) for Tague
 
Bay Patch Reefs #2 and #3.
 

During this study, the Scaridae (parrotfishes)
 
represented the most abundant family of fishes present
 
at the NPR (27%), followed by the Pomacentridae
 
(damselfishes) (19%), 
Labridae (wrasses) (14%), Acanthuridae
 
(surgeonfishes) (12%) and Haemuli ae (grunts) (11%)

families. Similar relative abundance values were 
reported
 
by Simpson (1979) for 
 parrotfishes and damselfishes;
 
however, more grunt species (15%) (particularly small
 
mouth and French grunts) were recorded than labrids (13%).
 

The order of relative abundance for the reef fish
 
families censused during this study, and that 
by Simpson

(1979) at the SPR, were parrotfishes (21 and 22%,
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respectively), damselfishes 
 (17 and 18%, respectively),

wrasses 
(13% each), grunts (11.0 and 
12.5%, respectively)

and surgeonfishes (11 
and 12%, respectively). Differences
in species abundance between 
the two censuses occurred
with princess parrotfishes, threespot damselfishes, blackear
 
wrasses and bluestriped grunts which were more 
abundant
 
in Simpson's studies.
 

Differences 
 in relative abundance values for reef
fishes present at the FR study site were more 
apparent
than either the NPR 
or SPR sites. Gladfelter and Gladfelter
(1980) indicates that damselfishes 
 (29%), parrotfishes

(12%), surgeonfishes 
(10%) and wrasses (10%) represented
the most abundant reef fishes. 
 The present study indicates
that the order of relative abundance has shifted to
parrotfishes (31%), 
 damselfishes 
 (23%), wrasses (13%)
and surgeonfishes 
 (12%). Lutjanids (snappers) decreased
 
in abundance from 9.0% 
to 2.9%.
 

Changes inl relative abundance of reef fishes at Tague
Bay Patch Reefs #2 and #8 
are 
also apparent. Gladfelter

and Giadfelter 
 (1978) indicates that parrotfishes,

damselfishes, wrasses and grunts 
 dominated Patch 
 Reef
#2 (relative abundance = 23%, 13%, 12% and 10%,
respectively). Our 
studies indicated 
that the order of
relative abundance was parrotfishes (24%), grunts 
(18%),
damselfish (14') and surgeonfish (10%). 
 Reef fish species
increasing in abundance 
included redband parrotfish, French
grunts and bluestriped 
grunts. Snappers increased from
 
2 to 9%.
 

At Patch Reef #8, 
 grunts decreased 
 in relative

abundance 
 from 17 to 11%, parrotfishes increased from
16 to 22%, damselfishes 
 remained relatively stable at
12%, wrasses decreased from to and
9 1% surgeonfishes

increased from 4 to 12%.
 

Reef fishes of importance to commercial 
 fish trap
fishermen were censused 
at BUIS NPR, SPR, RC and FR study
sites monthly 
from January through June 1986. 
 A total
of 42 species representing 17 
families were censused.
 

Table 2 represents the six-month 
average of the number

of individuals, 
 relative abundance, mean
and size
commercially important fish 

of
 
reef species observed at the
four study sites within BUIS 
waters. Based relative
abundance, on 


19% of the fish observed at 
the NPR were ocean
surgeonfish, 17% 
 were 
 blue tang, 15% were stoplight
parrotfish and 
9% were French grunt. Dominant fish species
at the SPR were blue tang and French grunt (17% each),
stoplight parrotfish (15%) ocean
and surgeonfish (14%).
The FR and RC were dominated by blue tang (29% and 45%,
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respectively), ocean surgeonfish (24% and 17% respectively)

and stoplight parrotfish (19% and 16% respectively).
 
A greater number of commercially important fish species
 
were recorded for the FR than for any other study site
 
at BUIS; however, the monthly average for total number
 
of fish present was greatest for the RC site.
 

The mean size of the most abundant commercially
 
important reef fish species, such 
 as the stoplight

parrotlish, blue 
at the FR study 

tang 
site 

and 
than 

ocean surgeonfish, 
at the other three 

was greater 
Buck Island 

locations. The smallest individuals were recorded at 
the SPR. 

Although habitat types of the study sites at BUIS
 
and the Virgin Islands Biosphere Reserve in St. John were
 
not identical, general comparisons of the reef fish
 
community can be made between similar 
 reef environs.
 
Surgeonfish (ocean surgeonfish 
and blue tang) dominated
 
the reef fish community present at the NPR and SPR (56%
 
and 36% respectively) while accounting for only 12% of
 
the fish community of the Hawksnest Bay patch reef site
 
in St. John. Parrotfish represented 32% and 21%,

respectively, at the NPR and SPR compared to 52% at the
 
Hawksnest Bay patch reef. A total of 23% of the reef
 
fish at the NPR and SPR were grunts versus only 3% at
 
the Hawksnest Bay site. Snappers represented 10% and
 
1% of the fish community at the NPR and SPR, respectively;
 
however, 28% of the reef fish at the Hawksnest Bay patch
 
reef were snappers.
 

The FR at BUIS was comprised of 53% surgeonfish (29%
 
blue tang and 24% ocean surgeonfish), 26% parrotfish,
 
3% snapper and 2% grunts. The Hawksnest Bay lower forereef
 
was comprised of 30% surgeonfish (doctorfish), 23%
 
parrotfish and 1.2% each snappers and grunts. A second
 
area in St. John, Great Lameshur Bay lower forereef,
 
consisted of 39% parrotfish, 17% snappers, 14% grunts
 
and 10% surgeonfish (doctorfish).
 

Based on relative abundance, the RC site at BUIS was
 
represented by 61% surgeonfish (45% blue tang and 16%
 
ocean surgeonfish), 23% parrotfish and 7% snapper. The
 
Hawksnest Bay upper fore reef, in comparison, had 69%
 
grunts, 8% parrotfish, 8% doctorfish and 8% snapper.
 

Estimated sizes for commercial fishery reef fishes
 
were generally larger for species censused at BUIS compared
 
to the Eame species censused at the St. John Virgin Islands
 
Biosphere Reserve.
 

A comparison of the lengths and weights of the 12
 
most common species of reef fish caught in the fish traps

deployed at BUIS NPR and SPR and Tague Bay Patch Reef
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#18 and back reef sites was made to fishes caught by

commercial fish 
 trap fishermen from waters 
adjacent to

BUIS and Lang Bank (Table 3). During the month of June,

a total of 14 species and 93 individual fishes were trapped

in BUIS waters and 17 species and 156 individuals in Tague
Bay. Significant differences 
were noted in the number
 
of individuals and number 
of species trapped between Buck

Island and Tague 
 Bay. Statistical analysis of 
 data
 
(student's t-test) demonstrated that 
Buck Island had a
consistently lower number 
of individuals trapped. Fish
 
species trapped in Tague Bay and not 
appearing in BUIS
 
traps included white spotted filefish, yellowtail snapper,

queen parrotfish, 
 Nassau grouper, doctorfish, dusky

damselfish 
and redtail parrotfish. Fish species trapped

in BUIS traps but not appearing in Tague Bay traps included

bar jack, red hind, princess parrotfish, scrawled trunkfish,

yellow goatfish and blue striped grunt.
 

Of the 12 most common species of reef fish caught

in fish traps listed in Table 3, only 
three species,

Sparisoma viride (stoplight parrotfish), Acanthi;rus

coeruleus 
 (blue tang) and Acanthurus bahianus (ocean

surgeonfish), were in
caught sufficient abundance from

BUIS and Tague Bay traps to provide an adequate sample

for statistical analysis between the four areas. Analysis

of length and weight data (Student's t-test) indicates
 
that for S. viride both lengths and weights of fishes

caught 
at BUIS and Tague Bay were significantly less than
 
S. viride caught in adjacent waters or on Lang Bank.
No statistical difference 
was observed for lengths and
 
weights of viride from BUIS
S. and Tague Bay at the p<.05

level. No significant differences were 
observed for weights

of A. coeruleus 
between any areas; however, fish lengths

were significantly greater from Lang Bank. 
 A. bahianus
 
lengths were significantly greater 
at BUIS adjacent waters

and Lang Bank compared BUIS Tague Bay. In
to or turn,

BUIS ocean surgeonfish were larger 
than those from Tague
Bay. Significant differences 
existed at each area for
 
A. bahianus weights.
 

Conch
 

Conch census data are shown 
in Table 4. The mean

conch density along both Transects A and B was 1 conch/7
 
m' (0.14 conch/m) 
 (S.D. = 0.025 and 0.013, respectively).Juvenile conch, those lacking 
a flared lip, outnumbered
 
adults 41:1 
on Transect A and 90:1 on Transect B. The
 
average number of conch censused per month was 4 adults
 
and 165 juveniles on Transect A and 2 adults and 

juveniles on Transect B.
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Conch transect lines were found broken in the fifth
 
month of the study. Due to the presence of fish traps
 
near the study area, it is believed that one or more fish
 
traps may have become entangled in the transect lines
 
during hauling and resulted in the broken lines. Transect
 
lines were subsequently reestablished with a two-week
 
delay of data collection.
 

Lobster
 

Monthly census data for spiny, lobster observed at
 
the WPR, NPR and south fringing reef (SFR) from January
 
through June 1986, is shown in Table 5. Lobster species
 
censused included Panulirus argus, the Caribbean spiny
 
lobster, and P. guttatus, the spotted lobster. The average

density of Caribbean spiny lobster for the six-month study
 
period at the WPR, NPR and SFR was 1.2 lobster/624 m 2 ,


2
1.5 lobster/165 m and 1.3 lobster/1500 M 2 , respectively.
 
The average density of spotted lobster for the same period
 

2 M 2
for the WPR, NPR and SFR was 1.4/624 M , 1.3/165 and
 
1.3/1500 M 2 , respectively.
 

Fishing Effort
 

Commercial fishermen engaged in fish trapping 
were
 
observed in three vessels both in and near BUIS each morning
 
observations were made by the NPS. An additional four
 
fishermen in two separate vessels, fishing adjacent to
 
BUIS, were interviewed by DFW port sampling agents.
 
Locations of fish traps deployed in, near and adjacent
 
to BUIS are shown in Figure 1. A total of 12 fishermen
 
in five different vessels fi-hed 45 fish traps in or
 
adjacent to BUIS waters (16 traps inside BUIS, 11 traps
 
near BUIS and 18 traps in waters adjacent to BUIS) (Table
 
6). Two vessels were operating both inside and within
 
100 m of BUIS, two vessels operated only in watcrs adjacent
 
to BUIS and one vessel operated solely in BUIS.
 

DISCUSSION
 

Fish Community Structure
 

When compared to fish community census studies conducted
 
by Simpson (1979) for BUIS NPR and SPR sites, the present
 
study indicates that an average of 38% of the fish species
 
censused increased in number, 34% of the species decreased
 
in number and 30% remained unchanged. Although shifts
 
in the abundance of individual reef fishes censused were
 
apparent, the relative abundance values for the reef fish
 
families were quite similar using comparable census
 
techniques. Appreciable changes were observed in the
 
decrease of grunts and Bermuda chub presently observed
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at the NPR, and grunts, snappers and surgeonfish at the
SPR. Both study sites in addition to 
the FR site are

in the protected waters 
of BUIS "marine gardens", where
 
there is no fishing pressure.
 

Compared to Gladfelter 
et. al. (1977) studies at BUIS
FR, the present fish 
census indicates that 24% of the

fish species censused increased in abundance, 51% decreased
and 25% remained unchanged. Most notable decreases in
fish abundance occurred in the snapper, 
 grouper and
damselfish families. 
 A 168% increase in parrotfishes
 
was observed in the present study at 
the FR site.
 

Data collected by Gladfelter et. al. (1977) and
Gladfelter and Gladfelter 
(1980) for BUIS indicated high

abundances of urchin-eating fish species, 
including black
margate, spanish grunt, 
caesar 
grunt and queen triggerfish.

These species were not observed in the present study.
The black sea urchin, Diadema antillarum, once abundant

in waters of BUIS and Tague 
Bay, St. Croix, as well as
throughout the Caribbean, suffered 
heavy mortality from
January 1983 to January 1984 due to an 
unknown water-borne

pathogen transported by ocean currents (Lessios et 
al.,
1984). Because of Diadema's ability to affect algal and
coral community diversity 
 and compete with herbivorous
 
fishes for available food (Ogden et al., 1973; 
Ogden and
Lobel, 1978; Lessios 
et. al., 1984), a severe decline

in Diadema population numbers 
would subsequently result

in domination 
of the coral community 
by faster growing
benthic algae, a reduction 
in overall benthic community
diversity 
and an increase in food 
supply for herbivorous
 
fishes. In time, a greater algal 
biomass would also
able to support a greater 

be
 
number of herbivorous fishes.
The presence 
of greater numbers of he,-bivorous fishes,


particularly parrotfish, 
on the FR may be a result of
 an 
increase in algal food supply and a decrease in predators

(lutjanids and serranids).
 

The FR area censused 
lies adjacent to the Underwater
Trail, which is visited by tens of thousands of snorkelers

each year. The decrease in predator fishes 
in this area
 
may be related to the increase in snorkelers on the coral

reef, assurring zero mortality due to 
no fishing pressure.
 

Tague Bay 
 fish census surveys, compared to similar

work by Gladfelter and Gladfelter (1978), indicate that

47% of the reef 
 fish species censused increased inabundance, 37% decreased in 
 abundance and 16% 
 remained
unchanged. Depending upon area, those species increasing
in abundance included 
 snappers as well 
 as grunts and
 
parrotfishes.
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Reef fishes at BUIS are decreasing at a rate equal
 
to or greater than reef fishes at Tague Bay. It would
 
be anticipated that an area subject to unlimited or heavy
 
fishing pressure, such as Tague Bay, would show a
 
significantly 
greater decrease in relative abundance of
 
reef fishes than BUIS, where fishing pressure is limited.
 
This discrepancy may be due to the ability of the large
 
contiguous reef area of Tague Bay to better absorb fishing
 
pressure. Due to the smal] size of the protected area
 
afforded by BUIS, reef fish populations are adversely

impacted by a relatively small but concentrated fishing
 
effort.
 

The relative abundance of commercially important reef
 
fishes at Buck Island is similar to that of Tague Bay

and St. Croix in general. The most abundant reef fish
 
species are the surgeonfishes, represented by the blue
 
tang and ocean surgeonfish, followed by the parrotfishes
 
(stoplight, princess, redtail, red baid) and grunts (French
 
grunt, smallmouth, white and bluestripe). By weight,
 
the order of priority would be parrotfish, followed by
 
grunt and/or surgeonfish depending upon seasonal abundance
 
(Simpson, 1979; Gladfelter and Gladfelter, 1980).

Herbivores dominate the fish fauna of BUIS with the larger
 
fish occurring in the FR area. Similar reef fishes 
of
 
commercial importance occur in the Virgin Islands Biosphere

Reserve on St. 
 John; however, their relative abundance
 
differs from those fishes 
found at BUIS and St. Croix.
 
In general, the relative abundance of herbivores,
 
parrotfishes and surgeonfishes, is greater at BUIS and
 
St. Croix.
 

Based on a comparison of lengths and weights of
 
trap-caught stoplight parrotfish (S. viride), blue tang

(A. coeruleus) and ocean surgeonfish (A. bahianus) from
 
BUIS, Tague Bay, BUIS adjacent waters and Lang Bank, only
 
ocean surgeonfish were significantly larger in BUIS waters
 
where fishing effort is limited. Blue tang were
 
significantly larger and stop]ight parrotfish were both
 
larger and weighed more in waters adjacent to BUIS and
 
Lang Bank than within BUIS or Tague Bay. This further
 
illustrates the ineffectiveness of the existing fishing

regulations in BUIS to sustain or improve fish populations
 
within park waters.
 

Conch
 

Census results at BUIS indicate the western grassbed
 
is a natural conch nursery area. More than 98% of the
 
conch censused were juveniles -- those lacking a flared
 
lip. At no time were substantial numbers of adult conch
 
observed.
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Hesse (1979) found juvenile conch (<10 cm) to be
sedentary with mobility increasing with size. 
 Conch larger
than 16 cm (up to 3 
years in age) had ranges too large

to be established (Berg, 1976).
 

Although not observed 
in BUIS waters, commercial conch
divers 
with the aid of SCUBA equipment were observed
harvesting conch 
 adjacent 
 to the western and southern
park boundaries where water 
 depth increases to 17 m.
It is believed that as 
the conch mature in the BUIS western
grassbed, 
they migrate to deeper water adjacent to the
park and are harvested by commercial divers.
 

The western grassbed of BUIS 
 has an area of
approximately 1.6 
x 105 m. a 1
sq. At density conch/7 
m 2 

, a conch population of approximately 22,857 individuals
is estimated to reside 
in this area. This represents a
potential biomass of 7,300 kg that this 
 predominantly

juvenile cohort would produce 
if allowed to mature 
at
 an average 
of 320 g dressed meat wt/conch (Tobias, 1987).
 

Under the present park regulations, two conch/person/day
may be removed 
from BUIS waters. With approximately 60,000
visitors each year 
at Buck Island, the removal of conch

by recreational 
users has the 
potential to be significant.
Under Federal or Virgin islands law, there no
is minimum
size limit on conch. 
 Removing juveniles from the population

before they reach 
sexual maturity can have drastic effects
 on nearby adult populations which depend 
on the juveniles

for recruitment (Boulon et al. 1985).
 

Lobster
 

The abundance of the Caribbean spiny lobster 
within
BUIS is related to habitat availability, food supply and
seasonal migrations inshore 
 and offshore. Greatest
abundance of 
spiny lobster found the
was at 
 NPR; however,
this data may be biased since the structural complexity
of this site afforded 
better observational 
access

the WPR or the SFR. Similar densities 

than
 
of the spotted


lobster were also observed.
 

Park regulations 
 also permit the removal of two
lobster/person/day from waters outside the "marine gardens".
 
Significant but unknown quantities of lobster believed
are 

to be taken by recreational users each year.
 

Fishing Effort
 

Port sampling interviews with fishermen fishing adjacent
to BUIS (N=15) indicate that an average 
of 7.5 fish (4.0
lbs.) per trap are taken back port. on fish
to Based 16 
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traps deployed in BUIS with an average take-home catch
 
of 4.0 lbs./trap and hauled twice/week, approximately

6,656 lbs. of reef fish (13,312 fish at 0.5 lbs. each)

would be removed per year. 
 The 29 fish traps outside
 
BUIS would for 8,320 lbs. of
account ano aer fish/year

(11 traps hauled twice/week and 18 traps hauled once/week)
 
(or 16,704 reef fish), assuming similar catch rates.
 

Port samples from commercial fish trap fishermen on
 
Lang Bank from January through December 1986 (N=112)
 
indicate that 1,593 lobster were caught 
from 2,051 fish
 
trap hauls for a catch rate of 0.78 lobster/trap. BUIS
 
and Lang Bank are adjacent to each other on the same insular
 
shelf; however, 
 available lobster habitat is different
 
at BUIS and fish trapping is restricted to the western
 
park area where lobster habitat may be less desirable.
 
Based on fish traps set at NPR and SPR, a
BUIS total of
 
ten trap hauls resulted in the capture of six spotted

lobster for a catch rate of 0.6 lobster/trap. Based on
 
lobster census surveys, the abundance of spiny lobster
 
was equal to the abundance of spotted lobster at the areas
 
surveyed. It is assumed that spiny lobster and spotted

lobster abundances are equal and the catch rates of 
lobster
 
in fish traps outside of BUIS "marine gardens" are similar
 
to those deployed at the 
 NPR and SPR. Under- these
 
assumptions, 
16 traps in BUIS waters would produce 998
 
lobster/year (16 traps hauled twice/week). At an average

weight of 2.0 lbs./lobster, an annual harvest of 1,996
 
lbs. may be estimated.
 

CONCLUSIONS
 

Reef fish census studies, supported by statistical
 
analysis of length/weight measurements of commercially

important reef 
fish species, indicate that the protective

regulations enacted by the National Park 
Service have
 
been ineffective in maintaining or enhancing BUIS fishery
 
resources. Due to the small area encompassed by BUIS,
 
major 
adverse impacts may be incurred from a relatively

small but concentrated commercial fishing effort in and
 
adjacent to park waters. Although restricted by bag limits
 
on conch and lobster for commercial harvest, recreational
 
user groups, 
due to their great numbers, contribute to
 
the decline of these limited resources.
 

In addition to adverse impact by commercial and
 
recreational fishing fisheries at
pressure, resources 

BUIS have also been affected by environmental changes

resulting from coral mortality due to white-band disease,

Diadema mass mortality, and the physical impact of 60,000
 
visitors/year on the reef ecosystem.
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RECOMMENDATIONS
 

The following short-term 
and long-term recommendations

have been made to more thoroughly define the impacts of
continued limited fishing pressure 
on the fishery resources
 
in BUIS.
 

(1) All fish traps deployed 
in BUIS waters should

be properly 
marked with surface floats having
the respective 
 color pattern assigned to the

commercial fisherman, as required 
 under V.I.
Code, ACT 3330. This 
will allow for an accurate
 count of both fish traps within BUIS and registered

commercial fishermen.
 

(2) Commercial fish trap catches 
 can be monitored

visually, 
 both in and adjacent to park waters

by diver surveys conducted the day prior to

traditional 
trap hauling to
days, assess catch
 
rates and catch composition of fish and lobster.
 

(3) Fish census studies can be repeated at NPR, SPR
 
and RC/FR study sites and compared to previous
 
work.
 

(4) Tag and recapture studies can 
be conducted on
 
the more abundant commercially sought 
reef fishes
(i.e. scarids, acanthurids, haemulids and
lutjanids) 
 to determine 
 home range and

immigration/emigration in park waters.
 

(5) Permanent conch 
 transects should 
be established
 
in the western grassbed to monitor conch population
changes. This data can be 
 compared to baseline
 
data provided in this study.
 

(6) Permanent conch transects should be 
established
 
for population assessment 
 purposes in adjacent
waters where 
 the animals are commercially

harvested.
 

(7) Subadult size conch in the BUIS 
western grassbed

should 
be tagged to monitor migration patterns

from the nursery area to offshore grounds.
 

(8) Commercial conch 
 divers in waters 
 adjacent to

BUIS should 
 be interviewed periodically

determine catch/effort data. 

to
 

(9) Lobster census studies of the NPR, 
WPR and SFR

sites should be repeated and compared the
baseline data this 

to 

from study and to similar
 

sites selected from Tague Bay.
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(10) 	The impact by recreational fishermen on conch
 
and lobster resources in BUIS should be monitored
 
by contact interviews.
 

The marine ecosystems in an area as small as BUIS
 
are dependent upon and affected 
by marine ecosystems in
 
adjacent waters. The general decline in reef fish 
resources 
at BUIS is simply a reflection of the general condition 
of St. Croix reefs. Although it would be ideal to prohibit
all fishing at BUIS and establish a marine sanctuary -
supplying larvae and juveniles of fish and shellfish to
 
naturally propagate St. Croix reefs 
-- simply prohibiting
the harvest of fish, conch and lobster within BUIS may
not be sufficient to reverse or stabilize negative trends. 
Comprehensive management plans for all inshore resources
 
by all user groups in the U. S. Virgin Islands are
 
essential to maintain the integrity of fish and 
shellfish
 
stocks for the present and to improve them for the benefit
 
of future Virgin Islanders and visitors alike.
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TABLE 
1. Relative abundance of 
reef fish species censused at BUIS North Patch Reef
Forereef (Site 1), 
South Patch Reef
(Site 3) and Tague Bay Patch Reefs #2 (Site 4) and (Site 2),
#8 (Site 5),
to data collection by Simpson (1979)(b), Gladfelter and Gladfelter (1980 (c), 

during VIRMC III Study (a) compared


and Gladfelter and Gladfelter
(1978) (d)
 

N=6 
 N=6
FAMILY N=5 
 N=5 
 N=2

Site 1 
 Site 2 
 Site 3 
 Site 4
a Site 5
b
SYNONDONT IDA.Ead a b 
 a 
 c 
 a 
 d
Svnodus intermedius d
(sand diver) 
 0.2 
 0.6 
 0.4 1.3 0.0 
 2.0 
 0.0 
 0.0 0.0 0.6
 

Holocentrus ascensionis 
(squirrelfish) 
 2.6 0.0 
 2.1 0.2 1.9 
 0.0
AULOSTOMIDAE"-. 6.3 8.7 3.2 3.5
 
Aulostomus *naculatus (trumpetfish) 
 1.2 1.5 0.6 1.2 
 2.1 
 2.5 0.0
SERRhNIDAE 1.4 2.6 1.7
 
Eoinechelus fulvus (0.7) (0.0) (0.8) (1.0) (0.3)
(coney) (5.5) 
 (1.8)
Eoineoneius cuttatus 0.0 0.0 0.0 (2.1) (0.0) (2.9)
(red hind) 0.0 0.0 2.0
0.0 0.0 0.0
Hvoolectrus unicolor 0.0 0.4 0.5 0.0 0.0
(butter hamlet) 0.0 2.0
0.0 0.0 0.6 1.4 0.0
Serranus tiarinus (harlequin bass) 0.2 0.5 0.3 0.5 1.2
 

0.7 0.0 0.6 0.7 0.0 0.0
0.2 0.0 0.0 
 1.0
PRIACANTHIDAE 0.6 0.0 
 0.0 1.7
 
Priacanthus cruentatus 
(glasseye snapper) 
 0.4 
 1.5 
 0.0 
 1.7 
 0.0 N/A 0.0
CARANGIDAE 0.0 0.0 
 1.2
 
Caranx ruber 
(bar jack) 


E1'ELICHTHYIDAE 3.8 0.7 7.1 0.0
 

1.7 
 2.4 
 2.7 
 1.5 2.4 
 3.0 


Intermia vittata (boga) 

0.0 0.0 
 0.4 
 0.0 0.3 
 2.0 0.0
LUTJANIDAE 0.0 0.0 0.0 

Lutjanus anodus (5.9) (5.8) (3.2)(schoolmaster snapper) (4.7) (2.9) 
 (9.0) (8.8)
2.2 2.9 (2.2)
Lu-tanus nahocani (mahogany snapper) 1.5 
0.4 1.7 0.5 4.0 0.0 

(9.7) (4.7)
 
Ocvurs-chrsurus (yellowtail snapper) 

0.9 1.4 0.0 1.3 1.2
0.8 1.1 
 2.5 3.8
2.2 2.0 1.4 0.0 5.2 1.2
2.2 
 1.3 
 2.5 5.0 
 2.2 3.2 2.3
 
Gierres cinreuGERREIDAEu1 (yellowfin mojarra) .
1.8 0.7 2.4 
 2.0 0.3 N/A 1.3 
 0.0 0.0 1.7
 



TABLE 1. (continued) 

FAMILYSPECIESEIEa N=6Site 1b a N=6Site 2b a N=5Site 3c a N=5Site 4d a N=2Site 5d 
HAEMULIDoA 

Haemulon aurolineatum (tomtate grunt)
Haemulon carbonarlum (caesar grunt)
Haemulon chrvsaravreum (smallmouth grunt)Haemulon flavclineatum (French grunt)
Haemulcn sclurus (bluestriped grunt)
Haemulon Dlumieri (white grunt) 

MULLIDAE 

(10.8) 
0.0 
1.7 
2.3 
4.0 
1.5 
1.3 

(15.3) 
0.2 
1.2 
4.8 
5.7 
1.2 
2.5 

(11.0) 
0.2 
1.5 
0.8 
6.1 
0.0 
2.4 

(12.5) 
0.2 
0.0 
0.0 
7.0 
2.8 
2.5 

(3.0) 
0.0 
0.3 
0.5 
1.9 
0.0 
0.3 

(5.5) 
0.5 
0.5 
0.0 
2.5 
1.0 
1.0 

(18.2) 
0.0 
0.0 
0.0 
8.8 
@.8 
0.6 

(10.0) 
0.0 
0.0 
0.0 
4.3 
1.4 
4.3 

(10.5) (16.8) 
0.0 0.0 
0.7 2.9 
1.3 3.5 
2.0 4.0 
6.5 2.9 
0.0 3.5 

Mulloidichthvs martinicus (yellowtailgoatf'-s )-.2 
Pseuduceneus maculatus (spotted goatfish) 

KYPHOSIDAE 

(2.9) 
1.7 

1.2 

(2.7) 
2.3 

0.4 

(4.9) 
3.5 

1.4 

(4.0) 
2.3 

.i 

1.7 

(2.2) 
1.1 

i2 

1.1 

(3.0) 
2.5 

.1 

0.5 

(4.4) 
1.3

.1 

3.1 

(5.0) 
1.4

.2 

3.6 

(7.8) 
2.6

6 

5.2 

(4.6) 
1.71 7 

2.9 
Kvohosus sectatrix (Bermuda chub) 0.7 2.7 0.0 0.0 1.6 2.5 0.0 0.0 0.0 0.0 

CHAETODONTIDAE 
Chaetcdcn canistratus 

POM.ACENTRIDAE 
(foureve butterflyfish) 0.3 1.1 2.4 2.0 1.3 2.0 2.5 2.9 1.9 1.7 

Abudefduf saxatilis (sergeant major)
Abudefduf taurus (night sergeant)
Chrcmls cvanea (blue chrcmis)
Chrcmis multllineatus (brown chromis)
Mlcroscathcdon cnrvsurus (yellowtaildam elfis-h) -
Euoomacentrus diencaeus (longfin damselfish)Eucmacentrus fuscus (dusky damselfish)
Eucomacenzrus leucostictus (beaugregory)
Eupcmacenrus nianifrons (threespot damsel-

Eupomacentrus variabilis (cocoa damselfish) 

LABRIDAE 

(18.7) 

2.3 
1.8 
0.0 
0.0 
2.3 

" 

0.3 
5.3 
1.7 
2.3 

2.7 

(17.5) 

3.1 
1.5 
0.0 
0.0 
2.4 

0.0 
5.0 
0.4 
4.8 

0.3 

(17.3) 

1.2 
0.4 
0.0 
0.0 
2.0 

0.8 
4.1 
5.6 
3.2 

0.0 

(18.0) 
0.0 
0.2 
0.0 
0.0 
4.0 

. 

N/A 
4.0 
2.3 
6.2 

1.3 

(22.8) 
1.6 
0.0 
5.9 
3.8 
5.1 

. 

0.5 
2.4 
0.0 
2.4 

1.1 

(29.0) 
3.0 

N/A 
5.5 
4.0 
5.0 

. 

N/A 
4.5 
0.5 
4.5 

2.0 

(13.8) 
1.9 
0.0 
0.0 
0.0 
1.9 

. 

0.0 
0.0 
5.0 
4.4 

0.6 

(12.9) 
1.4 
0.0 
0.0 
0.0 
0.7 . 

0.0 
3.6 
3.6 
1.4 

2.2 

(11.7) (13.3) 
0.0 1.7 
0.0 0.0 
0.0 0.0 
0.0 0.0 
2.6 2.3 . . 

0.0 0.0 
0.0 2.9 
1.9 0.6 
5.2 3.5 

2.0 2.3 
Clecticus narrai (creole wrasse)
Ha!!cncer-es coev. (blackear wrasse) 
Hallcnceres b vlttatus (slipper, dick)Hali.ceres radiatus (puddingvife)
Thalasscma bifasciaor (bluehead) 

(13.5) 
0.0 
0.5 

4.0 
2.2 
6.8 

(12.5) 
0.0 
4.2 

1.6 
0.6 
6.1 

(13.0) 
0.0 
0.4 

3.8 
2.1 
6.7 

(13.3) 
0.0 
4.5 

0.7 
1.3 
6.8 

(12.9) 
2.7 
0.3 
0.8 
1.1 
8.0 

(9.5) 
3.0 
2.5 
1.0 
1.0 
2.0 

(5.6) 
0.0 
0.0 
0.0 
0.0 
5.6 

(12.3) 
0.0 
2.2 
3.6 
2.2 
4.3 

(0.7) 
0.0 
0.0 
0.0 
0.7 
0.0 

(8.7) 
0.0 
1.7 
2.9 
1.2 
2.9 
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TABLE 1. (continued)
 
FA-MILY
SPECIES 


SCARIDAE 

Scarus croicensis (striped parrotfih) 

Scarus taeniocterus 
(princess parrotfish)

Scarus ventula (queen parrotfish) 

Scariscma aurofr:enatum 
(redband parrotfish)

Scarascma cnrvsooterum 
(redtail parrotfish)

Scar-soma radians 
(bucktooth parrotfish)

Soarlsoma 
rubrioinne (redfin parrotfish)

Soarisoma viride 
(stoplight parrotfish)

Scaridae 
(juvenile parrotfish) 


BLENNIDAE 
Hemiemblemaria simulus 
(wrasse blenny)

Ocncolennus atlanticus 
(redlip blenny) 


GOBIIDAE 
Gcbiidae (gobies) 


ACA:NTHURIDE 

Acanzhurus bahianus 
(ocean surgeonfish)

Acantnurus cnlrurous 
(doctorfish)

Acantnurus ccerujeus (blue tang) 


Tetraodontidae (puffers)
TETRAODONTIDAE


N=6
Site 1 


a b 

(27.4) (25.4) 


5.2 2.4 

1.2 3.9 

3.8 3.9 

2.2 1.6 

1.3 1.6 

0.0 0.3 

2.5 1.3 

5.5 4.5 

5.7 5.9 


0.5 N/A 

0.0 N/A 


0.3 N/A 


(12.2) (9.9) 

5.5 4.3 
1.0 0.7 

5.7 4.9 


0.0 N/A 


N=6
Site 2 


a b 

(21.3) (21.7) 

4.5 2.3 

0.2 3.7 

0.6 1.2 

2.0 2.3 

1.8 2.0 

0.0 0.0 

1.8 0.2 

5.5 3.7 

4.9 6.3 


0.9 N/A 

0.0 N/A 


0.8 N/A 


(10.9) (12.3) 

4.5 6.2 
0.9 1.3 

5.5 4.8 


0.4 N/A 


N=5

Site 3 


a 
 c 

(30.8) (11.5) 


6.2 0.5 

2.1 2.0 

4.6 N/A 

3.2 2.5 

1.9 0.5 

0.0 0.0 

3.2 2.5 

5.6 3.5 

4.0 N/A 


0.0 N/A 

0.0 2.2 


0.0 N/A 


(12.3) (10.0) 

4.8 5.0 

0.8 0.0 

6.7 5.0 


0.3 N/A 


N=5 

Site 4 


a d 

(24.4) (23.0) 


5.0 4.3 

0.0 4.3 

0.0 0.0 

5.0 1.4 

2.5 1.4 

0.0 2.9 

0.6 0.0 

5.0 3.6 

6.3 5.1 


0.0 0.0 

0.0 1.4 


0.0 2.2 


(10.0) (7.9) 

5.0 4.3 
0.6 1.4 

4.4 2.2 


1.3 0.7 


N=2
 
Site 5
 

a d
 
(22.2) 15.7)
 
5.8 3.5
 
0.0 3.5
 
2.6 0.0
 
0.0 0.6
 
0.0 0.6
 
0.0 1.2
 
0.7 0.0
 
5.8 2.3
 
7.3 4.0
 

0.0 0.0
 
0.0 0.0
 

0.0 2.3
 

(12.4) (4.0)
 
6.5 2.3
 
0.7 0.0
 
5.2 1.7
 

0.7 1.2
 



TABLE 2 . Number of individuals, relative abundance (percent) and mean size of commercially important reef fish speciesbites within the observed at
BUIS waters, January - June 1986. Fish size is the four studyexpressed in millimeters.
 

Location: BUCK iSLA!;D REEF NATIONAL MOYU.E 1T 

Study Site: 

No. Censuses: 

NORTH PATCH REEF 

SIX-MONTH AVERAGE 

SOUTH PATCH REEF 

SIX-MONTH AVERAGE 

FORE REEF 

SIX-MONTH AVERAGE 

REEF CREST 

SLX-MONTH AVERAGE 

SPECIES 
Tot.# 
Indiv. 

Rel. 
Abund. 
(%) 

Meaa 
Size 

Stand. 
Deviat. 

Tot.9 
Indiv. 

Rel. 
Abund. 
(%) 

Pean 
Size 

Stand. 
Deviat. 

Tot.J 
Indiv. 

Rel. 
Abund. 
(Z) 

Mean 
Size 

Stand. 
Deviat. 

Tot.l 
Indiv. 

Rel. 
Abund. 
(Z) 

Mean 
Size 

Stand. 
Deviat. 

stoulight parrotfish 
redtail Darrotfish 
queen oarrotfish 
red band oarrotish 
Drincess parrotfish 
redfin parrotfish 

rainbow parrotfish
white grunt 
bluestriped grunt 
French grunt 

smallmouth grunt
porkaish 

22 
3 
5 

2 
4 1 

< 1 
2 

13 

8 
i01 

15.3 
2.1 
3.5 

1.4 

0.3 

0.3 
1.4 

9.1 

5.6 

213.4 
320.0 
307.3 

259.1 

177.8 

304.8 
289.6 

134.6 

127.0 

152.4 
22.9 
68.6 

22.9 

25.4 

0 
38.1 

27.9 

20.3 

22 
6 

11 

1 

< 1 
8 
2 

27 

14.6 
4.0 

0.3 

0.7 

0.3 
5.3 
1.3 

17.9 

160.0 
261.6 

152.4 

147.3 

635.0 
287.0 
297.2 

88.9 

114.3 
88.9 

-

48.3 

-
43.2 
5.1 

33.0 

30 
5 
1 
5 
2 

1 
1 

2 

19.0 
3.2 
0.6 
3.2 

1.3 

0.6 
0.6 

1.3 

271.8 
246.4 
246.4 
172.7 

218.4 

165.1 
210.8 

142.2 

88.9 
43.2 
50.8 
20.3 

17.8 

71.1 
25.4 

5.1 

40 
4 

i10 
2 

1 

1 

1 

16.0 
1.6 
4.0 
0.8 

0.4 

0.4 

0.4 

269.2 
248.9 
108.2 
154.9 

68.9 

254.0 

82.8 

20.3 
45.7 
48.3 
7.6 

30.5 

13.7 

25.4 

marate h1 0.3 304.8 -
0.3 304.8 - (1 O.Z 254.0 0 

mutton snapper
schcolmaster snapoer 
mahogany snaooer 
yellcwtail snapper 
gray snanoer 

1 
6 
2 

1 

0.7 
4.2 
1.4 

0.7 

482.6 
299.7 
241.3 

190.5 

73.7 
50.8 
40.6 

5.1 
1 

< 1 
0.7 

0.3 
241.3 

152.4 
12.7 

-

1 
1 

4 

0.6 
0.6 

2.5 

243.8 
210.8 

289.6 

50.8 
25.4 

58.4 

13 
5 

5.2 
2.0 

314.9 
205.7 

38.1 
50.8 

lane snaoDer < 1 0.2 254.0 -
black durgeon < 1 0.2 203.2 -
scravled filefish 
French angelfish 1 0.7 261.6 7.6 

< 1 0.3 457.2 -
1 0.4 304.8 0 

rock beauty
red hind 
grasby <1 0.3 254.0 -

< 1 

4 1 

0.2 

0.3 

203.2 

203.2 -

1 0.2 355.6 - -

tiger 
blue tang 
doctorfish 
surgeonfish 
vellow qoat;ish 

spotted goatFish 
bar iack 
horse-eye jack 
Bermuda chub 
squirrelfish 

smooth trunkfsh 
barracuda 

sennet 

25 
4 

27 
6 

4 1 

4 

3 
2 

• 1 

17.4 162.6 
- 2.8 154.9 

18.8 121.9 
- 4 2 172.7 

- 0.2 .76.2 

2.8 200.7 
. 

2.1 177.8 
1. - 228.6-

0.3 1219.2 

72.2 
35.6 
60.9 
35.6 

0 

93.9 

17.8 
30.5 

0 

27 
8 

21 
10 

3 

3 

2 

<1 

17.9 
5.3 
14.0 
6.6 

2.0 

2.0 

1.3 

0.3 

129.5 
63.5 
114.3 
241.3 

121.9 

266.7 

182.9 

762.0 

66.0 
22.9 
53.3 
22.9 

25.4 

81.3 

53,3 

-

< 1 
irouoer4 1 

46 
1 

37 
1 

1 

10 
2 

1 
1 

0.3 
0.3 
29.2 
0.6 
23.5 
0.6 

0.6 

6.3 
1.3 

0.6 
0.6 

279.4 
381.0 
167.6 
182.9 
124.5 
210.8 

119.4 

226.1 
134.6 

139.7 
647.7 

12.7 
76.2 
43.2 
38.1 
35.6 
12.7 

38.1 

114.3 
40.6 

15.2 
-

(1 
113 

1 
42 
2 

4 
2 
2 

1 

0.2 
45.1 
0.4 
16.8 
0.8 

1.6 
0.8 
0.8 

0.2 

254.0 
144.8 
50.8 
119.4 
228.6 

246.4 
222.0 
218.4 

533.4 

-
43.2 

-
25.4 

-

6.8 
71.1 
25.4 

-
yellowfin moJarra 

jolthead porgy
cuddiniwife wrasse 

cero mackerel 

2 

2 

1.4 

1.4 

205.7 

193.0 

27.9 

60.9 

3 

< 1 
3 

2.0 

0.3 
2.0 

210.8 

304.8 
254.0 

48.3 

50.8 
33.0 

1 

1 

0.6 

0.6 

228.6 

254.0 

76.2 

-

3 

1 

1.2 

0.2 

254.0 

254.0 

-

-
<1 0.3 609.6 -

TOTAL ) OF SE..iES: 24 23 27 25 



TABLE 3. Biostatistical coriparison of the 

and Lang Bank. 

12 most ccmmon species of reef fish caught in fish traps deployed in BUIS and adjacent waters, Tague Bay
Data from waters adjacent to BUIS and Lang Bank 
were obtained from commercial fishermen. 
Fish size is expressed in millimeters and weight in grams.
 

L 0 C A T I 0 N 

FAMILY 

SPECIES N 

BUIS TRAPS 

LENGTH 

R Sx 

WEIGHT 

R Sx N 

TAGUE BAY TRAPS 

LENGTH WEIGHT 
R Sx R Sx N 

BUIS ADJACEnT WATERS 

LENGTH WEIGHT 
x Sx R Sx N 

LANG BANK 

LENGTH 

R • Sx 

WEIGHT 

R Sx 

Holocencridae 

Holocentrus ascensionis 

(sauirrelfish) 

4 209.5 11.3 326.8 53.1 28 204.7 12.8 216.7 41.2 0 - - - 21 214.2 19.9 239.3 74.4 
Serranidae 

Eoinenhelus gutcatus 

(red hind) 
Luciandae 

4 313.4 65.1 686.2 325.0 0 - - - - 0 - - - 16 301.3 60.5 595.3 489.7 

Lutianus aoodus 

(schoomater snaoer) 

2 351.0 29.7 1125.0 247.5 1 205.0 - 200.0 - 0 - - - 7 278.1 34.6 467.9 141.9 
HAEMULIDAE 
Haemul n o luieri 

(wTh!tegrunt_) 

1 225.0 - 250.0 - 9 200.0 15.2 257.2 69.1 105 207.8 23.9 225.9 59.5 96 220.5 28.4 249.5 50.3 

Haemulon sciurus 

(blrue s tripe-dggr unt)
Mullidae 

4 221.8 45.5 375.0 210.2 0 - - - - 15 225.2 17.8 273.5 73.1 15 238.5 9.4 '06.7 39.5 

Mulloidichthvs martinicus 

(yellow goatfish)-
Scaridae 

7 238.6 21.7 403.5 104.5 1 240.0 - 300.0 - 0 - - - 26 209.3 11.9 180.8 40.8 

Soarisna viride 

t oli-ht arrotfish) 

11 261.4 24.3 503.6 118.0 13 245.1 32.3 384.4 160.5 28 294.8 33.7 584.8 181.. 32 285.1 22.3 574.2 127.2 

Soarisona chrvsooterium 

(rentail oarrotf:s, 

3 226.7 23.1 316.7 104.1 5 237.9 21.2 327.1 137.3 41 246.0 20.9 317.1 76.5 48 227.0 7.2 392.1 60.5 

Scarus taeniooterus 

(princess parrotfish) 

4 292.2 43.3 556.3 214.5 0 - - - 0 - - - - 10 255.0 15.8 390.0 52.9 
Soarisona aurofrenatum 

Acanthuridae 

3 204.3 24.0 241.7 52.0 4 217.5 17.6 237.5 47.9 0 -- - 17 211.5 6.3 247.1 26.3 

Acanthurus coeruleus 

(blue anp)

23 165.3 16.1 194.8 60.5 54 177.8 19.4 217.0 74.1 29 172.8 
-

24.2 206.0 57.7 54 186.1 40.8 212.3 64.6 

Acanthurus bahianus 

(ocean surgeonfish) 

29 171.7 32.0 192.2 94.8 15 150.4 21.3 115.7 38.7 21 197.4 10.5 2t4.0 37.8 30 189.7 16.8 204.2 66.9 



TABLE 4 Conch (Strombus gigas) census data for two permanent transect areas located east of "E" buoy within theboundaries of BUIS. 
 Transect A (north transect) depth 
= 8.0m: Transect B (south transect) depth = 8 .2m.
 
Transect locations are shown in Figure 1.
 

TRANSECT A 
 TRANSECT B
 
DATE Transect Transect Number 
 Number Total 
 Density Transect Transect Number Number Total 
Density
Length(m) Area(m 2 ) Juveniles Adults Conch (Conch/m 2 ) Length(m) Area(m2 ) Juveniles Adults Conch (Conch/m 2 ) 

1/24/86* 200 800 
 129 13 142 .18  - - - -

2/21/86** 322 1288 139 3 142 .11 
 322 1288 168 5 173 .13
 
3/21/86 322 
 1288 
 185 2 187 .15 322 
 1288 165 
 4 169 .13 

4/18/86 322 1288 
 154 3 157 .12 322 1288 187 
 1 188 .15 

5/29/86 
 110 DATA - TRANSECT DISTURBED NO DATA - TRANSECT DISTUABED 

6/12/86*** 365 1460 188 
 2 129 
 .13 322 1288 179 
 0 179 .14
 

6/26/86 322 1288 193 0 193 .15 322 1288 198 2 200 .16 

* preliminary transect run 

** permanent transects established - 32 2m in length 

* transects re-established (Transect A - 365m - temporary) 



TABLE 5. Lobster census data 
for three survey areas 
(West Patch Reef, North Patch Reef and South Fringing Reef) within
the boundaries of 
BUIS. 
 Survey areas are shown in Figure 1.
 

STUDY AREAS: WEST PATCH REEF (624m 2 ) 
 NORTH PATCH REEF (165m 2 ) 2
SOUTH FRINGING REEF (1500m
 )

2
P. arqus #/m
 P. outtatus 
 #/M P. arous #/m P. outtatus 2 


/m P. arqus #/m P. auttatus #/m
 

Date: 1/24/86 0 0 0 
 0 1+* 1/165 
 0 0 2(1+) 1/1000 0 0
 
2/21/86 4(3+) 
 1/167 1 
 1/500 2+ 
 1/83 
 3 1/56 1i 
 1/1429 0 0
 
3/21/86 0 
 0 2 1/333 0 0 
 3 1/56 0 0 
 3 1/500

4/18/86 0 
 0 2 1/333 3(2+) 1/56 1 
 1/165 2+ 1/1000 
 2 1/1000

5/29/86 1+ 
 1/500 0 0 
 4(3+) 1/12 
 0 0 3(1+) 1/500 
 2 1/1000

6/26/86 0 
 0 3 l/.10 1 1/165 
 1 1/165 0 0 
 1 1/1429
 

* (+J indicates P. argus of legal harvestable size (carapace length 2 
3.5 inches)
 



TABLE 6. Data on fish trap effort in, near*,and adjace't** to Buck
 
Island Reef National Monument.
 

NUMBER OF TRAPS
 

Inside Near Adjacent
 
Boat Number Number Fishermen Monument Monument Monument
 

1 2 8 7
 

2 3 3 
 4
 

3 3 5 

4 2 
 - - 8 

5 
 2 - - 10
 

TOTALS: 5 12 
 16 11 18
 

* Near BUIS indicates within 100 m of boundary 

** Adjacent BUIS indicates >100 m <300 m of boundary 
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ABSTRACT
 

A quantitative 
forest inventory was conducted 
in three permanent

study plots within the boundaries of the Virgin Islands National Park on
the island of St. John, U.S.V.I. Plot One, on Bordeaux Mountain, islocated 
in the Reef Bay watershed and is 1 hectare (ha) (100m 
x 100m).
Plot Two is found !r i-hp L'Esperance area of St. John in the Fish Baywatershed and measures 
.5 ha (50m x 50m) in area. 
Plot Three is located
on the north coast of 
the island 
in the Hawksnest Bay watershed and is
also .5 ha (50m x 50x). All stems with a diameter at breast height(DBH, at 1.3 meters) greater than 
or equal to 5cm 
were sampled.
Information gathered included taxonomic identification, DBH measurements
in centimeters, 
tree heights in 
meters and spatial distribution within
the study plot. 
 With these data, basal area, relative density, relative
dominance and 
relative frequency values were 
calculaLed by species.
 

Plot One (Bordeaux) is located in 
upland moist forest. A total of
62 species were 
identified representing 33 families with a basal 
area of
31.08 square meters from the 2348 
 stems sampled. 
 The five most
important species based on calculation of ecological importance value 
or
I.V. (sum of 
relative density, relative dominance and relative frequency
values) included: Guapira 
 fragrans (I.V.=34.79); Pimenta 
racemosa

(I.V.=32.37); Inga fagifolia (I.V.=31.61); Acacia muricata (I.V.=29.20);
 and Byrsonima coriacea,(I.V.=25.66). Together 
these five species make
 
up 51.19% of 
the total importance value.
 

Plot Two (L'Esperance) is also 
located in upland moist 
forest. A

total of 39 species were 
identified representing 26 families 
with a
basal area of 15.82 square meters from the 1199 stems sampled. The five
 
most ecologically important 
 species included: Ardisia obovata
(I.V.=67.35); 
 Guapira fragrans (I.V.=38.08); Inga 
 fagifolia
(I.V.=21.00); Andi-a inermis (I.V.=19.09); and 
 Ocotea coriacea
(I.V.=13.74). These five 
trees make up 53.09% 
of the total importance

value.
 

Plot Three (Hawksnest) is located 
in the dry evergreen woodland

vegetation type. A total of 54 species representing 26 families wereidentified. 
 The total basal area 
for the plot was 13.269 square meters

from the 1327 sampled stems. The five most ecologically importantspecies included: 
 Melicoccus 
bijugatus (I.V.=102.67); 
Guapira fragrans
(I.V.=28.46); 
 bursera simaruba (I.V.=16.23); 
 Ocotea coriacea
(I.V.=15.38); 
 and Krurgodendron 
 erreum (I.V.=12.80). 
 Melicoccus
bijugatus an introduced species, makes up 34.22% 
of the importance value

and the five combined total 58.51% of the 
importance value.
 

Each study ?lot has been located in adetermined by "2RMC. 
critical study watershed asThe study will be long-term (20 years) 
and will
 

generaze infori.ation 
growth 

on the dynamics of secondary forests includingrates, basic ecology, phytosociology, impact of previous land use
 

http:I.V.=12.80
http:I.V.=15.38
http:I.V.=16.23
http:I.V.=28.46
http:I.V.=102.67
http:I.V.=13.74
http:I.V.=19.09
http:I.V.=21.00
http:I.V.=38.08
http:I.V.=67.35
http:coriacea,(I.V.=25.66
http:I.V.=29.20
http:I.V.=31.61
http:I.V.=32.37
http:I.V.=34.79


practices, and the role of exotic plant species. Information gathered
 
from this study will provide information to develop strategies for
 
forest management, ecosystem retoraLion and rare species conservation.
 
It is hoped that this initial inventory will also facilitate additional
 
ancillary studies both in the permanent plots as well 
as in the
 
watersheds where they are located.
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INTRODUCTION
 

Several recent documents have stressed the need to enhance research
and improve management cechniques in secondary forest areas in thetropics (Department of State 1930; O.T.A. 1984; World Resources Institute 1986). 
 Vast areas of secondary forests 
throughout the Neotropics

have been overlooked as potentially productive areas 
due to lack of

information on 
basic ecology and silvicultural possibilities. 
 These
 areas could potentially he managed 
for timber and fuelwood in such 
a
manner so toas maintain a high percentage of the ecological integritywhile simultaneously relieving 
pressure on other 
more critical primary

habitats. 
 This situation is especially true 
in the Caribbean where the
land pressure situation is critical and only small amounts of primaryforest remain to protect wildlife and watershed resources. Althoughsubstantial strides have 
been made in the 
last several years, there
continues to be a 
paucity of baseline data available on the dynamics of
 
secondary forests 
in the Caribbean.
 

In an effort to gain additional knowledge in this area, the New
York Botanical Garden 
(NYBG) has initiated a long-term secondary forest
dynamics study in three 
critical watersheds 
in the Virgin Islands

National Park. Although not a member of the Virgin Islands Resource 
Management Cooperative (VIRMC), the NYBG 
 has received substantial
support from both Phase II and thase III VIRMC Research Series supported
by the United States National Park Service (NPS). The following report
will provide a brief description of the process 
 and progress developedto date on the establishment of the study. The main purpose of thisdocument is to provide the reader with sufficient information on both
the methodology and results of thie initial inventory so as to beuseful tool for the initiation of ancillary studies 

a 
or field training 

exercises In the plots or the 
same watersheds.
 

It must be remembered that the overall goal of this effort is toorovide forest management information to natural resource professionalsand policy makers in the Caribbean co allow for the improved use andmanagement of forest resources. The NYBG is committed to monitoring the
plots over a period of twenty years to greatly enhance current knowledgeon successional patterns 
of degraded secondary forests. Only through

these types of detailed investigations can appropriate silviculturalprescriptions be developed. Additionally, periodic results will allowfor decisions to be made in the hope that the current level of resource 
degradation can be reduced. 

Very little analysis of collected data has been provided in this
document. Rather, specific analytical results will be forthcoming viascientific publications in forestry and botanical journals during the 
twenty year 
life of the study. Obviously, all such information will 
be
made available immediately to both VIRMC and the Virgin Islands National
 
Park.
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The specific purpose of this first phase of the 
study was to
 
establish the plots and conduct an initial inventory that would provide

baseline information on the floristic composition of three forested
 
areas on the island of St. John. The short-term objectives are to
 
identify all trees in each of three study plots, the
the determine 

diameter at breast height (DBH) to facilitate basal area analysis,
 
measure the heights of selected stems to allow for height calculations
 
via regression analysis, and to measure the spatial distribution of the
 
sampled trees.
 

Remeasuring will be conducted at specific time intervals 
not to
 
exceed five years. Once these concurrent data are compared with
 
previous information, the long-term objectives of the study be
can 

completed.
 

These long-term objectives include the following:
 

- Description of the dynamics and successional
 
patterns of secondary forests on St. John. Data to
 
be gathered include: tree growth, tree mortality
 
and recruitment, taxonomy, physiognomy, competitive
 
strategies and vertical stratification;
 

- Analysis of the impact of introduced species on
 
the development of natural forest stands;
 

- Analysis of the role played by major disturbances
 
such as hurricanes;
 

- Determination of the impact of previous land-use
 
practices on the recovery of the natural forest;
 

- Production of management strategies for the
 
preservation of endangered plant species.
 

METHODOLOGY
 

Study Site
 

St. John was chosen as the site of this long-term study for a
 
number of reasons. From the ecological development standpoint, St. John
 
is similar to many other in
islands the Lesser Antilles. The current
 
vegetation is similar to that of nearby islands (Beard 1945; Beard 1949;
 
Little 1969; Woodbury and Little 1976).
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Furthermore, the island was also subjected to the same mass exploitation and forest removal that most of the islands of 
the region. This,
combined with 
the introduction of domestic animals 
and exotic plant

species, has totally altered the natural vegetation in many parts of the
 
Caribbean.
 

The plots are located in both a Biosphere Reserve and a U.S.
National Park. This has given the investigators confidence that thelikelihood of the plots being protected 
over the course of the study is
good. Additionally, with the Biosphere Reserve status, the potentialfor information dissemination, regional significance and training
 
opportunities is much greater. 

The Virgin Islands National Park has good information on the status
of the natural vegetation 
at the time the island became a park.
series of aerial photographs dating back to 1954 
A
 

can be used to evaluate
the vegetative changes 
over time. Assuming that the study areas have
been subjected 
to little or no anthropogenic disturbance in 
this thirty
year period, it would at 
least on the surface 
seem that the forest has
returned in very natural fashion given the presence of domestic 
animals
 
and exotic plants.
 

Finally, there have been a number of previous studies looking atthe vegetation of 
St. John (Robertson 1957; 
Little and Wadsworth 1964;

Ewel and Whitmore 1973; Little et al. 1974; Forman and Hahn 1980; Weaver
and Woodbury 1982; Woodbury and Weaver 
1987). However, none of these
have looked at long-term changes in the forest or the effects of histor
ical land-use practices on stand development.
 

Plot Locations
 

The plots are located in same watersheds where other VIRMC
supported research is 
curre-ntly being conducted. This was done to lenda watershed approach to research activities and hopefully reinforce 
results found in other investigations. 
The three watersheds were chosenbecause of current resource pressures and their distinct development
histories. As a result, the three plots were located in the Reef Bay,Fish Bay, and Hawksnest Bay watersheds. Through 
the use of aerial
photographs 
and extensive ground reconnaissance, the study areas were
identified. All three plots were 
selected so as to 
be :elatively

accessible 
on foot yet sufficiently 
off main thoroughfares so as to
avoid vandalism or edge effect. 
 (Approximate plot locations can be 
seen 
in Figure 1.) 

Bordeaux-Plot One
 

Bordeaux Plot (see Appendix I for summary data) was first estab
lished in 
1984. It is located just off the Bordeaux Mountain dirtat approximately 2.5 roadkilometers from the Centerline Road 
turnoff, at an
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FIGURE 1. Map of St. John with Plot Locations
 

Plot Two
 

L'ESPERANCE
 

Plot Three
 
HIAVKSNEST 

N 

4
 



elevation of 280 
meters. 
 At utility pole #31403-026 
the trail to the
plot heads off in a southwest direction down the gut todards Reef Bay
Plantation ruins. 
 The plot begins at approximately one kilometer from
 
the Bordeaux Mountain Road. 
This plot is one hectare (100m x 100m).
 

The plot is located in secondary forest 
and has been variously
classified as: 
 moist fczest (Robertson 1957); subtropical moist forest
(Ewel and Whitmore 1973); evergreen broadleaf 
forest (Teytaud 1983,);
and upland moist forest (Woodbury and Weaver 1987). 
 The continuous
 canopy is approximately 15-20 
meters with occasional emergent 
trees
 
reaching 25 meters. 
A third lower synusia or continuous canopy layer is
made up of several shade tolerant species and advance 
growth trees
 
attaining a height of between 5-10 meters.
 

Accordinq to historical records, it appears that the area was
farmed approximately one hundred 
last
 

years ago (Tyson 1986). There is
great deal of evidence of previous farming activity within the plot
a
 

including small bench terraces, artifacts and exotic fruit trees. 
Tyson
(1986) also estimates that sugar cane, a very demanding crop, was 
grown
in 
the area for somewhat less than one hundred years. 
 Cattle were also
grazed in the area. Later analysis will attempt to ascertain the effects

of 
land-use practices on natural regeneration and stand development.
 

The plot is located on very steep slopes 
across a intermittent
 stream bed with north and 

Cramer (CrF), which is 

south facing a.pect. The soil series is
 
the most 
common on the island. It is characterized as a well drained clay loam on moderately sloping to steep areas,
shallow and well-drained (Rivera 
et al. 1970). This series is 
of
volcanic crigin with reaction values in the 6.1-7.3 pH range.
 

L'Esperance-Plot Two
 

L'Esperance Plot (see Appendix II for data) was 
initiated in 1985.
 
It is located in the central part of the 
island approximately 5 kilometers from Cruz Bay. 
 The plot is just off Centerline Road at an elevation of 195 meters and can be 
found by walking down Rte. 10 at
L'Esperance for approximately 1 kilometer and then walking 
up Fish Bay
stream for 
.5 kilometers in a northeasterly direction. It 
is a 50m x
 
100m rectangu±ar, .5 hectare plot oriented in 
an east-west direc-ion.
 

According to previous vegetation studies, Plot Two is 
also located
in moist forest. 
There are three main synusia, although the heights are
generally smaller than 
on Bordeaux. 
 The authors estimate the stand 
to
be 
somewhat younger than Bordeaux, approximately 60-70 years old. 
 The
area was also subjected to several 
aecades of intensive agriculture as
evidenced by the 
presence of terracing. The L'Esperance area has
 
experienced a similar land-use history as Plot One.
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The topography is moderately steep and 
the plot orientation again
 
allows for north/south aspects across 
the Fish Bay stream. The soil in
 
the L'Esperance area is the same
of Cramer (CrF) series, but is thinner
 
and the evidence of past erosion is more pronounced.
 

Hawksnest-Plot Three
 

The third plot is located on the north shore of St. Jrin in the
 
Hawksnest Bay area. it can be 
 located by travelling along the
 
Northshore Road, approximately 5.0 kilometers from Cruz Bay. At the end
 
of greater Hawksnest Beach, the road makes a left turn and 
the plot can
 
be found 500 meters up the Hawksnest Stream bed, by walking in a
 
southeast direction. This plot is 
also .5 hectares measuring 50m x 100m
 
in a north-south orientation and is located at an 
elevation of 12
 
meters.
 

Ewel and Whitmore (1973) classified this area as subtropical moist
 
forest, differing from both Robertson (1957), who classified the area as
 
dry forest 
and Woodbury and Weaver (1987), who classified the area as
 
the upland version of the dry evergreen woodland. The area has two
 
basic canopy levels, 5-10 meters and 10-12 
meters with occasional
 
emergents in the 15-20 meter range. 
 Overall tree heights are generally
 
shorter in Plot Three when compared with Plots One and Two. The authors
 
estimated that this area was 
the last of the three plots to be aban
doned. Tyson (1986) indicates that the area was subjected to plantation

cropping for nearly 200 
ypars, and empirical observations indicate that
 
the area was heavily abused with a great deal more erosion when compared
 
to the other plots; there is virtually no topsoil left.
 

The plot is laid out in an 
east-west orientation across the
 
Hawksnest stream bed. The 
soil survey (Rivera et al., 1970) indicates
 
that the plot is 
located on Cramer (CrE) series, also a gravelly clay
 
loam and somewhat less sloped topography. The east side of Plot Three
 
is moderately sloped with the west side locatei 
on a very steep area.
 

It is interesting to note that the NPS unfortunately decided to put
 
a large parking lot and reroute the 
road very close to the Hawksnest
 
plot which required a clearcut of the surrounding forest. The authors
 
plan to look into the possibility of conducting habJtat restoration
 
studies in the parking lot area.
 

Plot Layout
 

Although there has been little consistency in the layout of quanti
tative forest inventory studies (Campbell et al. 1986), it 
 was
 
determined by study participants that one full hectare in a 100m x 100m
 
grid and two half hectare plots in a 50m x 50m grid, would be most
 
appropriate for 
this study. This approach will be evaluated after the
 
first reinventory work to determine its effectiveness. At each plot a
 
compass bearing was chosen and a 
baseline transect was established along
 
that bearing. This initial baseline was 100 meters and stakes 
were
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planted at 10 meter intervals along the baseline. A perpendicular
baseline was then established and a grid of subplots measuring 10mwere staked out and x 10mtied with survey line. 
 Each subplot was assigned a
number, i.e. lA-10J in the Plot One, for a total of 100 subplots andlA-5J 
in Plot Two and Plot Three, for a 
total of 50 subplots each. The
subplot demarcation facilitated 
 spatial distribution measures and
 
relative frequency calculation for 
both species and families.
 

Data Collection
 

At each site all stems were measured and DBHs were 
recorded for all
 
trees measuring five centimeters or greater. The1.3 meters and DBH was measured atthis point was spray painted 
to allow for the accuracy of
 
future measurements. 
 If a tree was branched below the DBH mark
classified as a multiple stem (under 

it was
 
STEM in data sheets with M=
multiple stem and S= straight bole), but was considered as one tree in 

these initital computer generated stem maps.
 

Once the DBHs were calculated, the basal area (BA AREA in 
the data
 
sheets) of 
eacn tree was determined using the following equation:
 

2 
Basal Area= .000078539816 x DBH
 

Once measured and recorded, each stem was tagged with an aluminumnumbered marker (TAG in data sheets) and identified. Species (SPECIES

in data sheets) were identified 
by using the nomenclature of Cronquist
(1968) and referenced with 
Little and Wadsworth (1964), Little et al.,
(1974), and Acevedo 
(1985). When questions arose, 
voucher specimens
were returned to the NYBG for specialist review. As can be seen from
the data sheets, all species 
 have now been 
 identified. 
 The
representative family of each species are also given in the appendices(FAM in the 
data sheets). The 
NYBG has established 
a St. John
collection within its herbarium and has recently initiated an entire
Flora of the island as a follow-up 
 to this and the Woodbury and Weaver 
studies.
 

The trees 
were then measured within each subplot (SPLT in 
the data
sheets) 
and assigned X-Y coordinates up to ten meters (X-Y in the data
sheets) 
using a metric 
tape and measuring 
to the nearest centimeter.
 
These data were left 
in relative terms 
(on a subplot level) to allow for
rapid locating by other workers once they are thein appropriate
subplot. Thus, it should be easy to find a particular stem for futurestudies. Figures 2-4 
present a computer generated plot of 
all stems in
 
each plot based on the X-Y coordinates.
 

The authors had originally planned to collect data on the heights(HGT in the data 
sheets) of all recorded stems. This is
information 

needed to determine the vertical 
stratification 
in the stands of the
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FIGURE 2. Computer Generated Stem Map for Plot One from X-Y Coordinates.
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FIGURE 3. 
Computer Generated Stem Map for Plot Two from X-Y Coordinates.
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FIGURE 4. Computer Generated Steii iap for I'loc Three from X-Y Coordinates. 
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various study 
sites. Two methods 
were employed to determine tree
heights to the nearest meter. A range finder was used at the base of
the stem where tree 
tops could be best 
seen in that location and a
clinometer 
was employed with trigonometric triangulation 
in situations

where the stem 
top could be better seen 
at a distance. Unfortunately,

due to the density cf canopy and 
the roughness of 
the terrain, the tree
measurement process was much more time consuming than anticipated. 
As a
result, the investigators 
were unable 
 to finish 
 all tree height
measurements. 
 Sufficient 
information 
has been gathered to calculate

unmeasured tree with regression equations, however, the data sheets onlyreflect 
actual measured stems 
as the study 
plan calls for complete
 
measurements 
in the near future.
 

Additional informationi was also collected during the course of thedata collection. Several trees died (DEAD in the data sheets)appeared senescent (SICK in 
or 

the data sheet) during 
the plot layout and
 
mensuration. 
This, along with date, 
is included
the data sheets. A number o; 

in the STATUS column on
trees were windthrown during 
the tropical

depression storm Klaus in November of 1984 and if still alive are notedas WTHW with date in 
the data sheet. 
 All of these data 
can be found in

the STATUS column in 
the various appendices.
 

RESULTS
 

A summary of these initial data can be found in Tables 1-3. Plot 
One, on Bordeaux mountain (1.0
representing 49 genera and 

ha), had a total of 62 species
33 families. The basal area of the total2348 stems 
5cm DBH or greater 
is 31.08 sq. meters. The ecological


importance value (I.V.) 
was calculated for each species. 
The value is a
sum of the relative density, 
relative dominance 
and relative frequency
of each species within the plot 
and provides a general idea of
particular importance 
the
 

of individual species of 
 the forest. The five
most ecologically important species in the plot make up 51.19% of thetotal I.V. and 
include: 
 Guapira fragrans (I.V.=34.79), 
Pimenta racemosa
 
(I.V.=32.35), 
Inga fagifolia (I.V.=31.61), 
Acacia muricata (I.V.=29.20),
 and Byrsonima coriacea (I.V.=25.66). Together 
the ten most important
species make up 72.78% of the total importance value. All of the top

five important species are upper 
 canopy trees. Table 4 provides a list
 
of 
the top ten species for each plot.
 

Plot Two, at L'Esperance (.5 ha), had a species richness of 39 
species. 
 This total species count represented 
33 genera
families. and 26
The 1199 sampled stems had a total 
basal area of 15.82 

meters. 
 The five most ecologically important species in the 

sq.
 

plot
include: Ardisia obovata (I.V.=67.35), Guapira fragrans (I.V.=38.08), Inga fagifolia ( I.V.=21.00), Andira inermis (I.V.=19.09), and 
Ocotea
coriacea (I.V.=13.74). Together, these five make up 53.09% of 
the total
I.V. Of this group, only one, Ardisia obovata, is considered a lower
canopy species, with 
the rest being co-dominant 
trees within the
 
continuous canopy. 
 The ten most important species 
total 72.82% of the
I.V. within the plot.
 

http:I.V.=13.74
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http:I.V.=31.61
http:I.V.=32.35
http:I.V.=34.79


Plot Three, located in Hawksnest Bay area (.5 ha), had a total of 
54 species. This is somewhat surprising as, being a dry forest, it was
 
thought to be less diverse. This species total represented 43 genera
 
and 26 families and the 1327 total stems sampled had a basal area of
 
13.269 sq. meters. The five most important species include: Melicoccus 

bijugatus (I.V.=102.67), Guapira fragrans (I.V.=28.46), Bursera simaruba 
(I.V.=16.23), Ocotea coriacea (I.V.=15.38), and Krugiodendron ferreum 
(I.V.=12.80). These five trees make up 58.51% of the importance value 
in this forest type. Of these species, only Krugiodendron ferreum is 
considered as lower catopy species. Both Krugiodendron ferreum and 
Bursera simaruba are vF-y indicative of dry forest types. One dominant 
species, Melicoccus bijugatus, is an introduced tree yet makes up 34.22% 
of the total I.V.. The fruit of this exotic tree is highly desired by 
local populations and is perhaps so abundant in this coastal forest due 
to its being favored. The ten most important trees make up 72.63% of 

the total importance value. 
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TABLE 1 
 ST. JOHN FOREST DYNAMICS STUDY
 

BORDEAUX TOTAL SPECIES AND IMPORTANCE VALUE
 

NUM 
 SPECIES 
 FAMILY 


1 Acacia muricata (L.)Witld MIMOSACEAE 


2 A. westiana DC. 
 MIMOSACEAE 


3 Adenanthera pavonina 
 L. MIMOSACEAE 


4 Attophytus racemosus 
 Sw. SAPINDACEAE 


5 Amyris elemifera L. 
 RUTACEAE 


6 Andira inermis 
 FABACEAE 


(Wright) HBK
 
7 Ardisia obovata 
 Desv. MYRSINACEAE 


8 Bourreria succuLenta Jacq BORAGINAZEAE 


9 Bursera simaruba (L.)Sarg BURSERACEAE 


10 Byrsonima coriacea (Sw)DC MALPIGHIACEAE 


11 Capparis anptissima Lam. CAPPARIDACEAE 


12 C. cynophallophora 
L. CAPPARIDACEAE 


13 C.indica (L.) 
Fawc.&Rep. CAPPARIDACEAE 


14 Casearia decandra 
 Jacq. FLACOURTIACEAE 


15 C. guianensis (Aubt.)Urb.FLACOURTIACEAE 


16 C. sylvestris Sw. 
 FLACOURTIACEAE 


1. 
NO.TR.= Number of Trees of 
this Species 

OCCR= Occurance in Subplots 


B.A.= Basal Area Square Meters by Species 

%R.Dn.= % Relative Density 


(Alphabetical Order)
 

TOTALS
 
NO.TR OCCR B.A. %R.Dn. %R.F. %R.Dm. I.V. STATUS
 

248 32 4.6450 10.56 3.69 14.95 
 29.20 N
 

3 2 0.0084 0.13 0.23 0.03 
 0.39 N
 

1 1 0.0027 0.04 0.12 0.01 0.17 N/R
 

4 3 0.0199 0.17 0.35 0.06 
 0.58 N
 

2 1 0.0090 0.09 0.12 0.03 
 0.23 N
 

9 7 0.0547 0.38 0.81 0.18 1.37 
 N
 

222 56 0.9665 9.45 6.46 
 3.11 19.02 N
 

22 12 0.17C6 0.94 1.38 
 0.55 2.87 N
 

1 1 0.0035 0.04 0.12 0.01 
 0.17 N
 

152 44 4.3869 6.47 
 5.07 14.11 25.66 N
 

3 3 0.0433 0.13 0.35 0.14 0.61 N/R
 

17 11 0.0850 0.72 
 1.27 0.27 2.27 N
 

7 5 0.0560 0.30 0.58 0.18 
 1.06 N
 

11 8 0.0306 0.47 0.92 
 0.10 1.49 N
 

15 13 0.0685 0.64 1.50 0.22 2.36 
 N
 

3 2 0.0088 0.13 0.23 
 0.03 0.39 N
 

%R.Dm.= % Relative Dominance
 
I.V.= Importance Value (Sum %R.Dn.+%R.F.+%R.Dm.)
 

XR.F.= % Relative Frequency
 
STATUS= N=Native;I=Introduced;R=Rare 
or Endangered
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TABLE 1 (Continued) ST. JOHN FOREST DYNAMICS STUDY
 

1.
 

BORDEAUX TOTAL SPECIES AND IMPORTANCE VALUE
 

(Alphabetical Order)
 

TOTALS
 
NUN SPECIES FAMILY NO.TR OCCR S.A. XR.Dn. Xt.F. %R.Dm. I.V. STATUS
 

17 Chrysophyllun pauciflorun SAPOTACEAE 7 6 0.0518 0.30 0.69 0.17 1.16 N
 

Lam.
 

18 Citharexyltrn fruticosum L VERBENACEAE 14 9 0.0887 0.60 1.04 0.29 1.92 N
 

19 Ctusia roses Jacq. CLUSIACEAE 20 5 0.2380 0.85 0.58 0.77 2.19 N
 

20 Coccothrinax alto (Cook) PALMAE 8 7 0.0517 0.34 0.81 0.17 1.31 N
 

Becc.
 

21 Cordia attiodora BORAGINACEAE 23 15 0.3185 0.98 1.73 1.02 3.73 N
 

(Ruis & Pay.) Oken
 

22 C. cottococca L. BORAGINACEAE 9 7 0.0576 0.38 0.81 0.19 1.38 N
 

23 C. laevigata Lam. BORAGINACEAE 1 1 0.0043 0.04 0.12 0.01 0.17 N
 

24 C. sulcata DC BORAGINACEAE 26 17 0.2554 1.11 1.96 0.82 3.89 N
 

25 Cupania triquetra A.Rich. SAPINDACEAE 1 1 0.0152 0.04 0.12 0.05 0.21 N
 

26 Didymopanax morototoni ARALIACEAE 11 10 0.2392 0.47 1.15 0.77 2.39 N
 

(AubL.) Decne & Pl.
 
27 Drypetes alba Poit. EUPHORBIACEAE 9 7 0.0268 0.38 0.81 0.09 1.28 N
 

28 Eugenia biftora (L.) DC. MYRTACEAE 4 4 0.0145 0.17 0.46 0.05 0.68 N
 

29 E. nonticola (Sw.) DC. MYRTACEAE 10 6 0.0657 0.43 0.69 0.21 1.33 N
 

30 Faramea occidentalis (L.) RUBIACEAE 65 38 0.1689 2.77 4.38 0.54 7.69 N
 

A.Rich.
 

31 Ficus citrifotia Mill. MORACEAE 1 1 0.0068 0.04 0.12 0.02 0.18 N
 

32 F. trigonata L. MORACEAE 3 1 0.2166 0.13 0.12 0.70 0.94 N
 

1.
 

NO.TR.= Number of Trees of this Species %R.Dm.= % Relative Dominance
 

OCCR= Occurance in SubpLots I.V.= Importance Value (Sum R.Dn.+%R.F.+%R.Dm.)
 

B.A.= Basal Area Square Meters by Species %R.F.= % Relative Frequency
 

XR.Dn.= % Relative Density STATUS= N=Native;I=Introduced;R=Rare or Endangered
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TABLE 1 (Continued) 
 ST. JOHN FOREST DYNAMICS STUDY
 

1. 
BORDEAUX TOTAL SPECIES AND IMPORTANCE VALUE
 

NUM SPECIES 
 FAMILY 


33 Guapira fragrans (DC.) NYCTAG!NACEAE 


Little
 
34 Guazuma ulmifotia Lam. STERCULIACEAE 


35 Guettarda scabra (L.)Lamb RUBIACEAE 


36 Hymenaea courbaril L. CAESALPINACEAE 


37 [tex urbaniana Loes. AQUIFOLIACEAE 


38 Inga fagifotia (L.)Wiltd. MIMOSCEAE 


39 Krugiodendron ferreum RHAMNACEAE 


(VbhL) Urb.
 
40 Licaria saticifolia (Sw.) LAURACEAE 


Kosterm
 
41 L. triandra (Sw.) Kosterm LAURACEAE 


42 Linociera caribaea (Jacq) OLEACEAE 


Knob[.
 
43 Macfadyena unguis-cati B:GNONIACEAE 


(L.) Gentry
 
44 Mangifera indica 
 (L.) ANACARDIACEAE 


45 Margaritaria nobtis EUPHOR8IACEAE 


(L.f.),Muett.& Arg.
 
46 Maytenus eU~iptica (Lam.) CELASTRACEAE 


Krug & Urb.
 
47 Morisonia ameriana L. 
 CAPPARIDACEAE 


48 Myrcia citrifolia MYRTACEAE 


(Aubrl.) Urb.
 
1.
 
NO.TR.= Number of Trees of 
this Species 

OCCR= Occurance in Subplots 


B.A.= Basal Area Square Meters by Species 

XR.Dn.= % Relative Density 


(Alphabetical Order)
 

TOTALS
 

WO.TR OCCR B.A. XR.Dn. %R.F. %R.Dm. I.V. STATUS
 

296 82 3.9545 12.61 9.46 12.72 34.79 N
 

30 24 1.4044 1.28 2.77 4.52 8.56 N
 

49 23 0.2222 2.09 2.65 0.71 5.45 N
 

7 4 0.5191 0.30 0.46 1.67 2.43 N
 

10 4 0.0857 0.43 0.46 0.28 
 1.16 N/R
 

259 77 3.6371 11.03 11.70
8.88 31.61 N
 

4 3 0.0186 0.17 0.35 0.06 0.58 N
 

17 12 0.1208 0.72 1.38 0.39 
 2.50 N
 

3 3 0.0652 0.13 0.35 0.21 
 0.68 N
 

89 31 0.4357 3.79 1.40
3.58 8.77 N
 

1 1 0.0031 0.04 0.12 0.01 0.17 N
 

3 2 0.0274 0.13 0.23 0.09 
 0.45 1
 

2 2 0.0353 0.09 0.23 0.11 
 0.43 N
 

8 4 0.1447 0.34 0.46 0.47 1.27 N
 

35 20 0.1857 1.49 2.31 0.60 4.39 N
 

36 22 0.1429 1.53 2.54 0.46 4.53 N
 

%R.Dm.= % Relative Dominance
 
I.V.= Importance Value (Sum %R.Dn.+%R.F.+%R.Dm.)
 

%R.F.= % Relative Frequency
 

STATUS= N=Native;I=Introduced;R=Raro or Endangered
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TABLE 1 (Continued) ST. JOHN FOREST DYNAMICS STUDY
 
fl:===================== == 

1. 

BORDEAUX TOTAL SPECIES AND IMPORTANCE VALUE
 

(Alphabetical Order)
 

TOTALS
 
NUN SPECIES FAMILY NO.TR OCCR B.A. %R.Dn. XR.F. %R.Dm. I.V. STATUS
 

49 Myrciaria ftoribunda MYRTACEAE 3 2 0.0116 0.13 0.23 0.04 0.40 N 

(West.ex WiLtd) Berg. 
50 Ocotea antittana Meisn. LAURACEAE 1 1 0.3232 0.04 0.12 0.07 0.23 N/R 

51 0. coriacea (Sw.) Britt. LAURACEAE 108 50 0.6953 4.60 5.77 2.24 12.o0 N
 

52 0. sintenisii Urb. LAURACEAE 11 6 0.1458 
 0.47 0.69 0.47 1.63 N/R
 

53 Ouratea littoraLis Urb. OCHNACEAE 1 1 0.0020 0.04 0.12 0.01 0.16 N
 

54 Picrasma antiLtana SIMAROUBACEAE 2 1 0.0526 0.09 0.12 0.17 0.37 N/R
 

(Egg.) L;rb.
 
55 Pimenta racemosa MYRTACEAE 317 77 3.1042 13.50 8.88 9.99 32.37 N
 

(Mitt.) Moore
 
56 Pouteria muLtiflora SAPOTACEAE 11 5 0.1166 0.47 0.58 0.38 1.42 N
 

(DC.) Eyma
 
57 Sabinea florida (Vaht)DC. FABACEAE 2 2 0.0082 0.09 0.23 0.03 0.34 
 N
 

58 Spondias mombin L. ANACARDIACEAE 2 2 0.1119 0.09 0.23 0.36 0.68 N
 

59 Tabebuia heterophyLla BIGNONIACEAE 67 38 2.6805 2.85 4.38 8.62 15.86 N
 

(DC.) Britt.
 
60 Ternstroemia peducularis THEACEAE 4 4 0.0601 0.17 0.46 0.19 0.83 N
 

DC.
 
61 TrichostiD'a octandrum PHYTOLACCACEAE 3 2 0.0105 0.13 0.23 0.03 0.39 N
 

(L.) Walter
 
62 Zanthoxylum martinicense RUTACEAE 35 26 0.6757 1.49 3.00 2.17 6.66 N
 

(Lam.) DC.
 

TOTALS 2348 867 31.0797 100.00 100.00 100.00 300.00
 

1.
 

NO.TR.= Nurer of Trees of this Species XR.Dm.= % Relative Dominance
 
OCCR= Occurance in Subplots I.V.= Importance Value (Sun R.Dn.+XR.F.+,R.Dm.)
 
B.A.= Basal Area Square Meters by Species XR.F.= % Relative Frequency
 
XR.Dn.= % Relative Density STATUS= N=N3tive;I=Introduced;R=Rare or Endangered
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TABLE 2 
 ST. JOHN FOREST DYNAHICS STUDY
 

1. 
L'ESPERANCE TOTAL SPECIES AND 
IMPORTANCE VALUE
 

(Alphabetical Order)
 

TOTALS
NUN SPECIES FAMILY 
 NO.TR OCCR S.A. XR.Dn. XR.F. %R.Dm. I.V. STATUS
 

1 Andira inermis HBK. FABACEAE 73 34 0.7888 
 6.09 8.02 4.98 19.09 N
 

2 Ardisia obovata 
Devs. MYRSINACEAE 
 491 50 2.3114 40.95 11.79 14.61 67.35 N
 

3 
Bourreria succulenta Jacq BORAGINACEAE 6 5 0.0259 0.50 1.18 
 0.16 1.84 N
 

4 Bursera simaruba (L)Sarg. 
BURSERACEAE 3 
 2 0.0598 0.25 0.47 0.38 
 1.10 N
 

5 Capparis amplissima Lam. CAPPARIDACEAE 
 2 2 0.0299 0.17 0.47 0.19 0.83 
 N/R
 

6 Casearia decandra 
 Ja,j. FLACOURTIACEAE 
 8 7 0.0398 0.67 1.65 0.25 2.57 
 N
 

7 C. guianensis (AubL) Urb.FLACOURTIACEAE 
 19 10 0.093681 1.58 2.36 0.59 4.54 N
 

8 C. sytvestris Sw. FLACOURTIACEAE 
 2 2 0.0055 0.17 0.47 0.03 
 0.67 N
 

9 Chrysophylium eggersii SAPOTACEAE 2 1 
 0.0575 0.17 0.24 0.36 
 0.77 N/R
 
Pierre
 

10 C. pauciftorum Lam. SAPOTACEAE 
 45 28 0.4414 
 3.75 6.60 2.79 13.15 N
 

11 Citharexylum fruticosum L 
VERBENACEAE 
 2 2 0.0205 0.17 0.47 0.13 0.77 N
 

12 Ctusia rosea Jacq. CLUSIACEAE 15 7 0.3704 1.25 1.65 2.34 
 5.24 N
 

13 Coccothrinax aLta (Cook) PALMAE 
 1 1 0.0100 0.08 0.24 0.06 0.38 
 N
 
Beccari
 

14 Cordia attiodora BORAGZNACEAE 17 11 0.292512 1.42 2.59 1.85 5.86 N
 
(Ruis & Pay.) Oken
 

15 C. cotLococca L. 
 BORAGINACEAE 1 1 0.0065 0.08 0.24 0.04 0.36 N
 

16 Cupania triquetra A.Rich. SAPINDACEAE 1 1 0.0060 0.08 0.24 0.04 0.36 N
 

1.
 
NO.TR.= Number of Trees of 
this Species 
 %R.Dm.= % Relative Dominance
 
OCCR= Occurance in Subplots 
 I.V.= Importance Value (Sun %R.Dn.+%R.F.+%R.Dm.)
 
B.A.= Basal Area Square Meters by Species %R.F.= % Relative Frequency
 
%R.Dn.= % Relative Density 
 STATUS= N=Native;I=Introduced;R=Rare or Endangered
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TABLE 2 (Continued) ST. JOHN FOREST DYNAMICS STUDY
 

1.
 

LIESPERANCE TOTAL SPECIES AND IMPORTANCE VALUE
 

(Alphabetical Order)
 

TOTALS
 
NUN SPECIES FAMILY NO.TR OCCR B.A. XR.Dn. XR.F. %R.Dm. I.V. STATUS
 

17 Daphnopsis americana THYMELAEACEAE 25 15 0.2191 2.C9 3.54 1.38 7.01 N 

spp. caribaea(Gris.)NeviL 

18 ErythroxyLum ERYTHROXYLACEAE 14 8 0.0475 1.17 1.89 0.30 3.35 N 

rotundifol um Lunan 
19 Eugenia bifLora (L.) DC. MYRTACEAE 2 2 0.0077 0.17 0.47 0.05 0.69 N 

20 E. monticota (SW.) DC. MYRTACEAE 14 7 0.077297 1.17 1.65 0.49 3.31 N
 

21 Faramea occidentatis (L.) RUBIACEAE 10 8 0.035330 0.83 1.89 0.22 2.94 N
 

A. Rich.
 
22 Ficus trigonata L. MORACEAE 2 2 0.4372 0.17 0.47 2.76 
 3.40 N
 

23 Guapira fragrans (DC.) NYCTAGINACEAE 67 33 3.9105 5.59 7.78 24.71 38.08 N
 

Little
 
24 Guazuma utmifotia Lam. STERCULIACEAE 3 3 0.3901 0.25 0.71 2.47 3.42 N
 

25 Guettarda parviftora RUBIACEAE 42 17 0.2915 3.50 4.01 1.84 9.35 
 N
 

VahL.
 
26 G. scabra (L.) Lam. RUBIACEAE 51 18 0.2910 4.25 4.25 1.84 10.34 N
 

27 Hymenaea courbarit L. CAESALPINACEAE 19 12 1.4627 1.58 2.83 9.24 13.66 N
 

28 Inga fagifoLia (L.)WiLld. MIMOSACEAJ 59 32 1.349668 4.92 7.55 8.53 21.00 
 N
 

29 Mangifera indica L. ANACARDIACEAE 1 1 0.057680 0.08 0.24 0.36 0.68 1
 

30 Margaritaria nobitis EUPHORBIACEAE 13 9 0.824281 1.08 2.12 5.21 8.42 N
 

(L.f.) MueLl.& Arg.
 
31 Maytenus etlipti:a (Lam.) CELASTRACEAE 1 1 0.0021 0.08 0.24 0.01 0.33 N
 

Krug & Urb.
 
32 Meticoccus bijugatus Jacq SAPINDACEAE 23 11 0.2570 1.92 2.59 1.62 6.14
 

1.
 
T
NO. R.= Number of Trees of this Species %R.Dm.= X Relative Dominance
 

OCCR= Occurance in Subptots 
 I.V.= Importance Value (Sum %R.Dn.+%R.F.+%R.Dm.)
 
B.A.= Basal Area Square Meters by Species %R.F.= % Relative Frequency
 
%R.Dn.= % Relative Density STATUS= N=Native;I=lntroduced;R=Rare or Endangered
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TABLE 2 (Continued) 
 ST. JOHN FOREST DYNAMICS STUDY
 

1. 
LIESPERANCE TOTAL SPECIES AND IMPORTANCE VALUE
 

(Alphabetical Order)
 

TOTALS
 
NUN SPECIES FAMILY NO.TR OCCR B.A. %R.Dn. 
XR.F. XR.Dm. I.V. STATUS
 

33 Myrcia citrifoLia MYRTACEAE 
 3 2 0.013331 0.25 0.47 0.08 
 0.81 N
 

(Aubri.) Urb.
 
34 Myrciaria ftoribunda MYRTACEAE 40 15 0.1904 
 3.34 3.54 1.20 8.08 N
 

'1est. ex WiLtd) Berg.
 
35 Ocotea coriacea LAURACEAE 48 29 0.4577 4.00 
 6.84 2.89 13.74 N
 

(SW.) Britt.
 
36 Psidium amptexicaute Pers MYRTACEAE 
 17 10 0.0623 1.42 2.36 0.39 4.17 N/R
 

37 Sabinea florida (Vah)DC. FABACEAE 11 6 0.032686 0.92 1.42 0.21 
 2.54 N
 

38 Tabebuia heteroptiytLa BIGNONIACEAE 43 16 0.7871 
 3.94 3.77 4.97 12.69 N
 
(DC.) Britt.
 

39 ZanthoxyLum martinicensis RUTACEAE 3 3 0.088192 0.28 
 0.71 0.56 1.54 N
 

(Lam.) DC.
 

TOTALS 1199 424 15.824 100.4 
 100.0 100.2 300.6
 

1. 

NO.TR.= Number of Trees of this Species 
 XR.Dm.= % ReLative Oominance
 
OCCR= Occurance in Subplots 
 I.V.= Importance VaLue (Sum %R.Dn.+%R.F.+%F.Dm.)
 
B.A.= Basal Area Square Meters by Species %R.F.= % ReLative Frequency
 
XR.Dn.= % Relative Density 
 STATUS= N=Native;I=Introduced;R=Rare or Endangered
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TABLE 3 
 ST. JOHN FOREST DYNAMICS STUDY
 

1.
 

HAWKSNEST TOTALS SPECIES AND IMPORTANCE VALUE
 

(ALphabetical Order)
 

TOTALS
 
NUN SPECIES FAMILY NO.TR OCCR B.A. JR.Dn. %R.F. XR.Dm. I.V. STATUS
 

1 Acacia muricata L) Wiltd MIMOSACEAE 1 1 0.0186 0.08 0.14 0.08 0.29 N
 

2 Amyris elemifera L. RUTACEAE 3 2 0.0143 0.23 0.11 0.23 0.56 N
 

3 Andira inermis (Wright.) FABACEAE 26 13 0.2451 1.96 1.85 1.96 5.77 N
 

HBK.
 
4 Ardisia obovata Desv. MYRCINACEAE 33 13 0.1259 2.49 0.95 2.4? 5.92 N
 

5 Bourreria succulenta Jacq BORAGINACEAE 38 17 0.5269 2.86 3.97 2.86 9.70 N
 

6 Bumetia obovata (Lam.) SAPOTACEAE 6 2 0.0406 0.45 0.31 0.45 1.21 N
 

A. DC
 
7 Bumelia saticifoLia SAPOTACEAE 1 1 0.0289 0.08 0.22 0.08 0.37 N
 

(L.) Sw.
 
8 Bursera simaruba (L) Sarg BURSERACEAE 37 18 1.413661 2.79 10.65 2.79 16.23 N
 

9 Catyptranthes thomasiana MYRTACEAE 1 1 0.0036 0.08 0.03 0.08 0.18 N/R 

Berg. 
10 Capparis ampLissima Lam. CAPPAkIDACEAE 9 5 0.0675 0.68 0.51 0.6d 1.87 N/R 

11 C. cynophatLophora L, CAPPARIDACEAE 7 7 0.0284 0.53 0.21 0.53 1.27 N 

12 C. indica (L.) CAPPARIDACEAE 3 5 G.0322 0.60 0.24 0.60 1.45 N
 

Fawc.& Rendte
 
13 C. frondosa Jacq. CAPPARIDACEAE 2 2 0.0048 0.15 0.04 0.15 0.34 N
 

14 Casearia decari-ra Jacq. FLACOURTIACEAE 23 9 0.0967 1.73 0.73 1.73 4.20 N
 

15 C. guianensis (Aubl.)Urb.FLACOURTIACEAE 13 10 0.0623 0.98 0.47 0.98 2.43 N
 

16 C. syLvestris Sw. FLACOURTIACEAE 2 2 0.0053 0.15 0.04 0.15 0.34 N
 

1.
 

NO.TR.= N mber of Trees of this Species %R.Dm.= % Relative Dominance
 
OCCR= Occurance in Subplots 
 I.V.= Importance Value (Sum XR.Dn.+%R.F.+%R.Dm.)
 
B.A.= Basal Area Square Meters by Species %R.F.r % Relative Frequency
 
XR.Dn.= % Relative Density STATUS= N=Native;I=Introduced;R=Rare or Endangered
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TABLE 3 (Continued) 
 ST. JOHN FOREST DYNAMICS STUDY
 

1.
 
HAWKSNEST TOTALS SPECIES AND 
IMPORTANCE VALUE
 

(Alphabetical Order)
 

TOTALS

NUN SPECIES FAMILY 
 NO.TR OCCR B.A. XR.Dn. XR F. XR.Dm. I.V. STATUS
 

17 Chrysophyttum pauciftorun SAPOTACEAE 5 2 0.0423 0.38 0.32 0.38 1.07 N 
Lam. 

18 Citharexytum fruticosum L VER8ENACEAE 24 16 0.2243 1.81 1.69 1.81 5.31 N 

19 Coccothrinax atta (Cook) PA.MAE 5 4 0.0213 0.38 0.16 0.38 0.91 N 
Beccari 

20 CoccoLoba krugii Lindeau POLYGONACEAE 20 5 0.1355 1.51 1.02 1.51 4.04 N 

21 C. microstachya Willd. POLYGONACEAE 12 3 0.1441 0.90 1.09 0.90 2.89 N 

22 Comoctadia dodonaea ANACARDIACEAE 1 1 0.0035 0.08 0.03 0.08 0.18 N 
(L.) 

23 Cordia altiodora 
Urb. 

BORAGINACEAE 12 8 0.1164 0.90 0.88 0.90 2.69 N 
(Ruib. & Pav.) Oken 

24 C. coLtococca L. BORAGINACEAE 14 11 O.1r22 1.06 1.15 1.06 3.26 N 

25 Eyrthroxylum ERYTHRCXYLACEAE 7 6 0.0234 0.53 0.18 0.53 1.23 N 
rotundifolium L. 

26 Eugenia biftora (L.) DC. MYRTACEAE 28 13 0.1120 2.11 0.84 2.11 5.06 N 

27 E. monticota (Sw.) DC. MYRTACEAE 37 24 0.1748 2.79 1.32 2.79 6.89 N 

28 E. procera (Sw.) Poir MYRTACEAE 2 1 0.0136 0.15 0.10 0.15 0.40 N 

29 Exostema caribaeum RUBIACEAE 1 1 0.0073 0.08 0.06 0.08 0.21 N 
(Jacq) Roem & Schutt. 

30 Ficus citrifotia Mill. MORACEAE 14 10 0.0758 1.06 0.57 1.06 2.68 N 

31 Guapira fragrans (DC.) NYCTAGINACEAE 81 31 2.1570 6.10 16.25 6.10 28.46 N 
Little 

32 Guettarda ettiptica Sw. RUBIACEAE 2 2 0.0098 0.15 0.07 0.15 0.38 N 

1.
 
NO.TR.= Number of Trees of this Species 
 XR.0m.= % Relative Dominance
 
OCCR= Occurance in Subplots 
 I.V.= Importance Value (SMn XR.Dn,.+ R.F.+ 
R.Dm.)

B.A.= Basal Area Square Meters by Species XR.F.= % Relative Frequency
 
XR.Dn.= % Relative Density 
 STATUS= N=Native;l=lntroduced;R=Rare or Endangered
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TABLE 3 (Continued) ST. JOHN FOREST DYNAMICS STUDY
 

1.
 

HAWKSNEST TOTALS SPECIES AND IMPORTANCE VALUE
 

(Alphabetical Order)
 

TOTALS
 
NUN SPECIES FAMILY NO.TR OCCR 
 B.A. XR.Dn. XR.F. %R.Dm. I.V. STATUS
 

33 G. parviftora Vahl RUBIACEAE 67 20 0.3091 5.05 2.33 5.05 12.43 
 N
 

34 G. scabra (L.) Lamb. RUBIACEAE 13 7 0.0695 0.98 0.52 0.98 2.48 N
 

35 Krugiodendron ferreum RHAMNACEAE 70 19 0.2986 
 5.28 2.25 5.28 12.80 N
 

(VahL) Urban
 

36 Leucaena Leucocephata MIMOSACEAE 3 3 0.0207 
 0.23 0.16 0.23 0.61 N
 

(Lam.) deWit
 
37 Licaria saLicifoiia LAURACEAE 4 4 0.0112 0.30 
 0.08 0.30 0.69 N
 

(Sw.) Kosterm
 
38 Mangifera indica L. ANACARDIACEAE 1 1 0.1987 0.08 1.50 0.08 1.65 1
 

39 Margaritaria nobitis EUPHORBIACEAE 
 1 0.0297 0.15 0.22 0.15 0.53 N
 

L.f., HuelL.-Arg.
 
40 Mastichodendron SAPOTACEAE 4 2 0.0390 0.30 0.29 0.30 0.90 N
 

foetidissimum (Jacq)Cron
 
41 Maytenus ettiptica CELASTRACEAE 33 11 0.1954 2.49 1.47 2.49 6.45 N
 

(Lam.) Krug.& Urb.
 
42 MeLicoccus bijugatus Jacq SAPINDACEAE 488 38 3.8645 36.77 29.12 36.77 102.67
 

43 Myrciaria ftoribunda MYRTACEAE 1 1 0.0208 0.08 0.16 0.08 0.31 N
 

(West ex Wittd) Berg.
 
44 Ocotea coriacea LAURACEAE 77 33 0.5013 5.80 3.78 5.80 15.38 N
 

(Sw.) Britt.
 
45 Paticourea domingensis RUBIACEAE 1 1 0.0037 0.08 0.03 0.08 
 0.18 N
 

(Jacq) DC.
 
46 Piscidia carthagenensis FABACEAE 9 7 0.0443 0.68 0.33 0.68 1.69 
 N
 

Jacq.
 
47 Pisonia subcordata Sw. NYCTAGINACEAE 4 2 0.8388 0.30 6.32 0.30 6.92 N
 

48 PLumeria atba L. EUPHORBIACEAE 2 2 0.0116 0.15 0.09 0.15 0.39 N
 

1.
 

NO.TR.= Numboer of Trees of this Species XR.Dm.= % Relative Dominance
 
OCCR= Occurance in Subplots 
 I.V.= Importance V3lue (Sum .R.Dn.+XR.F.+-,%R.Dm.)
 
B.A.= Basal Area Square Meters by Species %R.F.= % Relative Frequency
 
XR.Dn.= % Relative Density STATUS= N=Native;I=introduced;R=Rare or Endangered
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TABLE 3 (Continued) 
 ST. JOHN FOREST DYNAMICS STUDY
 

1. 
HAWKSNEST TOTALS SPECIES AND IMPORTANCE VALUE
 

(Alphabetical Order)
 

TOTALS
NUN SPECIES 
 FAMILY NO.TR OCCR 
 B.A. XR.Dn. XR.F. XR.Dm. I.V. STATUS
 

49 Sabinea florida (VahL)DC. FABACEAE 18 11 0.0805 1.36 0.61 1.36 3.32 N 

50 Solanun potygamum Vaht SOLANACEAE 1 1 0.0023 0.08 0.02 0.08 0.17 N 

51 Spondias mombin L. ANACARDIACEAE 2 2 0.0995 0.15 0.75 0.15 1.05 N 

52 Tabebuia heterophyttum BIGNONIACEAE 27 11 0.2655 2.03 2.00 2.03 6.07 N 
(DC.) Britton 

53 Tetrazygia elaeagnoides MELASTOMATACEAE 15 10 0.1585 1.13 1.19 1.13 3.46 N 
(Sw.) DC. 

54 Zanthoxytum martinicense 

(Lam.) CL. 
DEAD STEM 

RUTACEAE 2 

8 

2 

4 

0.0339 

0.0447 

0.15 

0.60 

0.26 

0.34 

0.15 

0.60 

0.56 

1.54 

N 

TOTALS 1327 439 13.26986 100 100 100 300 

1. 
NO.TR.= Number of Trees of this Species 
 XR.Dn. % Relative Dominance
 
OCCR= Occurance in Subplots 
 I.V.= Importance Value (Sum XR.Dn., R.F.+XR.Dm.)
 
B.A.= Basal Area Square Meters by Species %R.F.= % Relative Frequency

XR.Dn.= % Relative Density 
 STATUS= N=Native;I=Introduced;R=Rare or Endangered
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TABLE 4
 

BORDEAUX 


L'ESPERANVE 


HAWKSNEST 


TEN MOST IMPORTANT SPECIES IN EACH PLOT
 

SPECIES 

-.................................................
 

Guapira fragrans 


Pimenta racemosa 


Inga fagifotia 


Acacia muricata 

Byrsonima coriacea 


Ardisia obovata 


Tabebuia heterophytta 

Ocotea coriacea 


Linociera caribaea 

Guazuma utmifotia 


I.V. % OF TOTAL 

34.79 11.60 

32.37 10.79 

31.61 10.54 

29.20 9.73 
25.66 8.55 

19.01 6.34 

15.85 5.28 
12.59 4.20 

8.76 2.92 
8.56 2.85 

---.----....------.-----..------...----------.-----


Ardisia obovata 


Guapira fragrans 


Inga fagifotia 


Andira inermis 

Ocotea coriacea 

Hymenaea courbarit 


Chrysophyttum pauciftorum 

Tabebuia heterophytta 


Guettarda scabra 

Guettarda parviflora 


MeLicoccus bijugatus 


Guapira fragrans 


Bursera simaruba 

Ocotea coriacea 

Krugiodendron ferreun 


Guettarda parviftora 


Bourreria succutenta 


Pisonia subcordata 

Eugenia monticota 


Maytenus eitiptica 


218.40 72.80
 

67.35 22.45
 

38.08 12.69
 
21.00 7.00
 
19.09 6.36
 
13.74 4.58
 
13.66 4.55
 

13.15 4.38
 
12.69 4.23
 

10.34 3.45
 
9.35 3.12
 

218.45 72.82
 

102.67 34.22
 

28.46 9.49
 

16.23 5.41
 
15.38 5.13
 
12.80 4.27
 

12.43 4.14
 

9.70 3.23
 

6.92 2.31
 
6.85 2.28
 

6.45 2.15
 

217.89 72.63
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CONCLUSIONS
 

Three permanent forest dynamic study plots, one measuring a hectareand the twoother .5 hectares have been established in critical watersheds in the Virgin Islands National Park and Biosphere Reserve on theisland of St. John. 
 An initial inventory of all stems 5cm and largerincluding their identification, DBH, subplot location, X-Y coordinates 
and heights has been completed. This information will be used in
analyses future
to determine the flor:.stics of 
the plots, growth rates of
trees, 
mortality and recruitment, spatial distribution 

the
 
and vertical
stratification. 
 The plots will be monitored at timely intervals over
the twenty year life of the 
project to develop conclusions on the
successional pattern and dynamics, competitive strategies, the impact of
historical land-use trends and 
the introduction of 
exotic plant species
 

on secondary forest in the Caribbean.
 

The raw data fro' this inventory has been provided 
in Appendices
I-III in the hope that such information will facilitate other research
projects both in the study plots and in the watersheds in which they arelocated. Ultimately, this information will be useful in the formulation
 
of sound natural resource policy leading to biological conservation and 
sustainable development 
in the Caribbean.
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DATA SHEETS FOR ST. JOHN FOREST DYNAMICS STUDY APPENDIX I. 

Date: August, 1987 
Plot Numbers: 1(1A-1J) 
Plot Locale: Bordeaux Mtn.
 

TAG SIM SPLT FAM SPECIES DEH86 BA AREA HGT X Y STAUS1 S IA NYCT Guap frag 7.40 0.0043 7.90 2.40 2.332 S IA MIM Acac muri 33.10 0.0135 14.5 1.76 3.45
3 S 1A 
MIUD Acac muri i3.90 0.0152 0.54 5.47

4 S 1A 
B.LGN Tabe hete 19.10 0.0287 13.3 1.28 7.12

5 S 1A 
1MM Acac muri 6.90 0.0037 1.31 8.48
6 S 1A 
MIM Acac muri 10.40 0.0085 11.8 1.22 9.87

7 S 1A 
NYCT Guap frag 5.70 0.0026 4.92 9.26

8 S 1A NYCT Guap frag 5.10 0.0020 2.96 8.54
9 S 1A 
BIGN Tabe hete 36.80 0.1064 17.3 3.24 7.77


10 S 1A MIM Acac muri 13.20 0.0137 4.20 9.39
11 S 1A IUBI Guet scab 
6.90 0.0037 8.51 3.56 9.58

12 S 1A 
MI1D Acac muri 18.30 0.0263 5.20 9.30
13 S 1A MIM Acac muri 18.60 0.0272 5.32 9.30

14 S IA RJBI Guet scab 9.40 0.0069 10.9 5.52 9.46

15 S 1A NYCT Guap frag 
6.20 0.0030 9.20 
8.30
16 S IA 
MIND Acac muri 15.50 0.0189 9.90 8.35

17 S 1A MIhD 
Acac muri 13.10 0.0135 8.80 7.56
18 S 1A MYRT Pime race 7.10 0.0040 8.81 7.87 7.49

19 S 1A 
MIM0 Acac muri 27.50 0.0594 6.86 7.46 SICK 3/86
20 S 1A 
OLEA Lino cari 8.10 0.0052 13.0 8.10 5.26

21 S 1A MIM Acac muri 16.40 0.0211 3.28 4.95
22 S IA 14M Acac muri 14.90 0.0174 2.62 3.77
23 S IA LAUR Ocot cori 7.00 0.0038 3.35 
2.58

24 S IA MIM Acac muri 9.60 0.0072 4.77 0.37

25 S IA NYCT Guap frag 5.20 0.0021 5.26 0.23
26 S 1A MIMKv Acac muri 10.90 0.0093 7.10 0.81

27 S 3B MIM Acac muri 12.60 0.0125 8.62 3.75
28 S 1B 
MI.V Acac muri 14.40 0.0163 1.15 0.07
29 S 3B MIM Acac muri 13.00 0.0133 14.5 1.30 0.22

30 S 3B MIM 
 Acac muri 12.20 0.0117 1.53 2.31

31 S 1B MIM Acac muri 20.90 0.0343 3.74 0.50
32 S 3B MYR Pine race 11.40 0.0102 4.16 0.80

33 S 1B 
MDMO Acac muri 12.30 0.0119 4.42 1.47

34 S 1B MIrn Inga fagi 7.20 0.0041 8.81 3.87 2.54

35 S 1B 
MINE Acac muri 14.50 0.0165 2.63 4.11
36 M IB 
MYRT Pime race 8.00 0.0050 8.51 1.84 5.04
37 M 1B MYRT Pime race 
6.50 0.0033 2.10 
5.06

38 S 1B MIM Acac muri 9.60 0.0072 15.5 2.83 5.72
39 S lB MIM0 Acac muri 21.10 0.0350 0.71 9.50
40 M 1B 
MYRT Pime race 9.90 0.0077 11.5 2.40 8.64
41 M lB 
MYRT Pime race 7.60 0.0045 2.50 8.68
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APPENDIX I. (Cantinued) 
42 S 1B MIM Acac muri 10.50 0.0087 4.69 7.90 
43 
44 

S 
S 

1B 
1B 

MIM Acac 
MIM Acac 

muri 8.50 0.0057 
muri 11.20 0.0099 

4.80 
9.90 

7.82 
9.73 

45 M 1B CAES Hyme cour 27.00 0.0573 16.7 9.28 8.95 
46 M 1B CAES Hyme cedr 24.90 0.0487 8.70 8.94 
47 M 1B CAES Hyme cour 27.20 0.0581 9.00 8.33 
48 
49 

S 
S 

1B 
1B 

MIM 
1 

Acac muri 12.20 0.0117 
Guet scab 5.50 0.0024 9.42 

5.20 
4.58 

6.04 
3.80 

50 
51 

S 
S 

1 
1 

MIM4 
MIM 

Acac mu 10.00 0.0079 
Acac muri 17.70 0.0246 

4.50 
5.07 

3.38 
3.04 

52 S 1 MIM Acac nuri 10.60 0.0088 8.97 3.40 
53 S 1B MYRT Pime race 35.20 0.0973 9.40 1.99 
54 
55 
56 

S 
S 
S 

1 
IC 
IC 

MIM Acac nun. 18.90 0.0281 
MIM Acac muri 18.30 0.0263 
MIM Inga fagi 9.40 0.0069 12.4 

9.12 
2.80 
4.66 

0.94 
1.23 
0.07 

57 S IC MRT Pine race 15.30 0.0184 6.28 2.47 
58 
59 

S 
S 

IC 
IC 

MYFR 
MYRT 

Pime 
Pime 

race 
race 

17.80 
13.80 

0.0249 
0.0150 

1.17 
0.10 

4.52 
6.04 

60 S IC MYRT Pime race 5.80 0.0026 0.25 7.09 
61 M IC MYRI Pime race 8.70 0.0059 12.1 0.66 7.95 
62 M IC MYRI Pime race 8.90 0.0062 0.50 7.95 
63 
64 

S 
S 

IC 
IC 

MYRT Pime race 
MYRT Pime race 

8.30 0.0054 
6.80 0.0036 

9.30 
0.45 

,.74 
9.40 

65 S IC MYRT Pime race 14.30 0.0161 2.45 9.60 
66 M 
67 M 

IC 
IC 

MYRF 
MYRI 

Pime race 
Pime race 

5.40 0.0023 
6.30 0.0031 

3.80 
3.19 

8.83 
8.79 

68 S IC MYRI Pime race 9.50 0.0071 4.10 9.20 
69 S IC MYRE Pime race 13.40 0.0141 9.07 9.80 
70 M 
71 S 

iC 
IC 

MYRT Pime race 
NYCT Guap frag 

9.80 0.0075 
5.00 0.0020 4.25 

9.70 
9.92 

9.80 
6.62 

72 S IC MYRT Pime race 22.70 0.0405 8.44 6.27 
73 
74 

S 
S 

1C 
IC 

NYCT Guap frag 8.70 0.0059 
MIM Acac nun 13.80 0.0150 15.8 

9.63 
9.16 

5.76 
5.15 

75 M IC MIMD Acac muri 15.20 0.0181 9.12 5.35 
76 M IC MIM Acac nun 9.00 0.0064 9.12 5.44 
77 S 
78 M 

IC 
IC 

MYR' 
MYRT 

Pime 
Pime 

race 
race 

10.10 0.0080 
14.10 0.0156 

5.49 
4.21 

5.27 
7.28 

79 M 
80 S 
81 S 

IC 
IC 
IC 

MYRr Pime race 6.50 0.0033 
MYRT Pime race 12.30 0.0119 
MIMO Acac muri 12.50 0.0123 

3.99 
3.61 
8.10 

7.32 
6.28 
3.60 

82 S 1C MIMV Acac nun. 8.70 0.0059 9.15 1.96 
83 

2712 
2713 

S 
S 
S 

IC 
IC 
IC 

MIM 
NYCT 
MYRI 

Acac muri 18.10 0.0257 
Guap frag 13.10 0.0257 
Pime race 5.10 0.0135 

6.66 
2.15 
7.21 

0.74 
6.92 
4.78 

84 
85 

S 
S 

ID 
1D 

NYCr Guap frag 
MIaD Acac muri 

5.60 
9.00 

0.0025 
0.0064 

7.90 1.99 
3.18 

0.92 
2.39 

86 S 1D MIM Acac muri 13.10 0.0135 0.62 3.09 
87 S 1D MIMO Acac muri 15.10 0.0179 15.5 0.96 4.19 
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APPE4DDn I. (Contined)
88 S ID MIM Acac miri 13.80 0.0150 0.13 5.16
89 S ID MYRT Pime race 11.90 0.0111 0.20 8.61 
90 M ID MIM cac mnri 14.20 0.0158 0.76 8.61 
91 M ID MIN Acac mull 11.50 0.0104 0.57 8.71

92 m 1D MIM Acac muri 12.20 0.0117 0.50 8.96 
93 M 1D MIM Acac Tmni 15.70 0.0194 0.50 9.80 
94 S 1D NYCr Guap fraq 
5.00 0.0020 8.20 1.07 9.90 
95 S 1D NYCT Guap frag 9.20 0.0066 3.71 8.02 
96 S ID NYCr Guap ftag 5.30 0.0022 3.87 9.80 
97 S 1D VERB Cith fraxt 6.10 0.0029 4.25 6.20 8.02 
98 M ID BIGN Tabe hete 5.90 0.0027 7.90 7.15 8,00
99 M ID BIGNWabe hete 6.40 0.0032 6.88 7.92 
100 S ID CAPP Mori amer 8.40 0.0055 4.86 1.19 7.37 
101 M 1D MIM Ac7 muri 12.70 0.0127 6.90 6.92 
102 M 1D MfLV Acac muri 15.20 0.0181 6.85 6.79
 
105 M 3D 
MIM. Acac muri 12.30 0.0119 6.80 6.60
 
104 M 3D 
MIM Acac muri 11.20 0.0099 6.97 6.46 
105 M LD MIW Aac imri 10.40 0.0085 17.0 6.64 6.46 
106 S 3D NYCT Guap frag 5.60 0.0025 6.07 4.47 7.82 
107 M ID MIM1 Acac muri 9.20 0.0066 2.80 6.61 
108 M 
 3D MIM Acac mun 10.60 0.0088 2.89 6.49
 
109 M ID MI 
Acac murl 8.80 0.0061 3.40 4.85 
110 M ID MIMD Acac nun 12.30 0.0119 2.80 4.70 
111 1 3D MIM Acac munl 12.50 0.0123 2.86 4.60 
112 M ID Ml.M Acac muni 11.40 0.0.02 12.7 3.92 .3.99 
113 M 3D MIMD Acac muin 13.70 0.0147 4.25 3.90 
114 S ID MI Acac muri 12.80 0.0129 4.37 2.87
115 S 1D MYRr Pime race 
5.50 0.0024 5.37 2.46 
116 M 3D MlM'Acac muri 10.70 0.0090 3.82 6.42
 
117 M 3D MIDU Acac muri 12.40 0.0121 4.08 6.76
 
118 S 3D IMVM Mca mui 12.50 0.0123 4.94 6.54
 
119 M ID MIM Aac muin 9.70 0.0074 5.10 4.40

120 M 3D MIND Acac mini 9.50 0.0071 5.32 4.10
 
121 S 3D MIN Acac imri 12.50 0.0123 6.06 0.15
 
L12 M ID MYR 
 Pime race 6.50 0.0033 7.57 2.33 
123 M 13 MYRT Pime race 6.30 0.0031 7.57 2.48 
124 M ID MINM Acac nuri 13.00 0.0133 8.63 3.34 
125 M IMD1V Acac imri 15.40 0.0186 9.10 3.50 
126 S 1D MIM Am miri 9.80 0.0075 8.73 4.60 
127 3 1D MIMD Acac mui 9.20 0.0066 9.80 1.20

128 M 1D MIM Acac muri 8.50 0.0057 8.96 0.80 
129 M 3D MIMD Acac muri 12.50 0.0123 8.64 0.86 
130 S ID NYCT Guap frag 5.30 0.0022 9.09 1.05
 
131 S ID NYCT Guap frag 
8.80 0.0061 8.20 8.75 8.10
 
132 S 1E BCRA Dour succ 
5.50 0.0024 4.86 0.91 0.80 
133 S 1E MIM Acac muri 8.30 0.0054 0.70 0.15 
134 S IE NYCT Guap frag 5.10 0.0020 1.99 0.17 
135 S 1E MYRI Pime race 14.00 0.0154 1.99 0.45 
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APPENDIX I. (Continued)
 
135 S 1E MYRf Pime race 14.00 0.0154 1.99 0.45 
136 M 1E DORA Bour succ 9.30 0.0068 7.59 2.61 1.52 
137 M 1E BORA Bour succ 6.70 0.0035 2.48 0.62 
138 M 1E NYCT Guap frag 20.00 0.0314 2.66 0.52 
139 M 1E NYCT Guap frag 17.10 0.0230 2.72 1.66 
140 M 1E NYCT Guap frag 9.30 0.0068 2.G3 1.89 
141 M 1E MIMO Acac muri 12.70 0.0127 2.04 3.64 
142 M 1E MIMJ Acac muri 11.30 0.0100 1.85 3.90 
143 M 1E BORA Bour succ 7.90 0.0049 9.42 0.25 3.69 
144 M 1E BORA Bour succ 5.00 0.0020 3.45 3.61 
145 M 1E BORA Bour succ 6.70 0.0035 0.31 3.82 
146 M 1E MYRT Pime race 16.80 0.0222 9.72 0.61 5.06 
147 M 1E MYRT Pime race 19.20 0.0290 0.65 5.25 
148 M 1E MIM Acac muri 9.30 0.0068 1.11 7.60 
149 M IE MIMD Acac muri 11.80 0.0109 1.30 7.60 
150 S 1E BORA Cord alli 6.70 0.0035 12.7 0.33 5.20 
151 S IE NYCr Guap frag 17.10 0.0230 2.64 8.30 
152 S 1E OLUA Lino cari 5.50 0.0024 6.68 2.30 8.10 
153 M 1E VERB Cith frut 5.50 0.0024 8.51 3.41 7.70 
154 M IE VERB Cith frut 6.20 0.0030 3.60 7.70 
155 S 1E OLEA Lino cari 9.30 0.0068 3.74 7.59 
156 S IE RUMfA Zant mart 10.20 0.0082 12.1 8.38 7.82 
157 S 1E OA Lino cari 6.30 0.0031 7.29 9.45 9.20 
158 M IE LAUR Ocot cori 6.70 0.0035 6.07 6.74 5.52 
159 M IE IAUR Ocot cori 9.70 0.0074 6.97 5.65 
160 S IE BORA Cord alli .5.60 0.0191 13.3 6.78 3.90 
161 M 1E VERB Cith frut 12.30 0.0119 6.13 3.98 
162 M IE VERB Cith frut 10.70 0.0090 11.5 6.02 4.10 
163 S IE CAPP Mori arer 7.60 0.0045 8.51 4.53 2.69 
164 M IE IrA Zant mart 7.90 0.0049 4.67 1.86 
165 M IE RUA Zant mart 11.50 0.0104 11.2 4.77 1.66 
166 S 1E BORA Cord coll 10.30 0.0083 10.9 6.90 0.10 
167 S IE LAUR Lica sali 5.10 0.0020 4.86 7.60 4.80 
168 S 1E BORA Cord coll 11.70 0.0108 8.00 0.30 
169 S IE R3TA Zant mart 6.30 0.0031 9.11 8.96 1.60 
170 S ILE lurA Zant mart- 7.70 0.0047 10.6 9.30 1.40 
171 S IE MYRl Phe race 16.20 0.0206 9.48 0.80 
172 S IF MYRT Pime race 12.30 0.0119 0.41 1.47 
173 S iF NYCr Guap frag 9.10 0.0065 1.33 1.52 
174 S IF IUBI Guet scab 5.70 0.0026 3.35 1.33 
175 S IF PALM Cocc alta 10.10 0.0080 5.47 4.10 3.23 
176 S IF BORA Cord alli 15.50 0.0189 12.7 1.77 4.57 
177 S F BORA Cord alli 8.70 0.0059 13.0 2.30 1.64 
178 M IF NYCr Guap frag 12.70 0.0127 0.40 6.11 
179 M IF NYCT Guap frag 6.10 0.0029 0.42 6.29 
180 S IF LAUR Ocot cori 5.80 0.0026 7.90 0.70 6.60 
181 S IF BORA Cord coll 13.30 0.0139 13.6 0.48 8.75 
182 S IF LAUR Lica sali 12.60 0.0125 12.7 4.20 7.76 
183 S IF RUIA Zant mart 9.10 0.0065 4.80 7.10 
184 S IF BORA Cord coll 7.90 0.0049 10.3 5.50 9.02 
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185 S IF MYR Pime race 18.10 0.0257 13.6 6.92 7.33 
186 
187 

S 
S 

IF 
IF 

MIMO Irga fagi 7.60 0.0045 
MYR] Pime race 30.10 0.0712 10.7 

8.82 
9.3.1 

8.28 
7.50 

188 
189 

S 
S 

IF 
IF 

BORA Cord alli 
FIAC Case deca 

7.90 0.0049 13.3 
5.70 0.0026 9.42 

6.42 
4.32 

4.06 
4.95 

190 M IF RUBI Guet scab 5.50 0.0024 5.01 2.42 
191 M 
192 M 
193 S 

IF 
IT 
IF 

IUB Guet scab 
RUBI Guet scab 
NYC Guap frag 

9.00 0.0064 
8.40 0.0055 
5.60 0.0025 

5.63 
5.63 
5.78 

0.63 
0.72 
0.30 

194 
195 

S 
S 

IF 
IF 

RUTA Zant mart 
NYCT Guap frag 

7.40 0.0043 10.6 
7.50 0.0044 

6.56 
8.19 

2.72 
2.55 

196 S IF IAUR Ocot cori 6.40 0.0032 7.90 8.05 2.24 
197 
198 

S 
S 

IF 
IF 

BORA Cord alli 13.10 0.0135 12.7 
NYCT Guap frag 9.60 0.0072 

8.05 
7.67 

1.10 
0.48 

199 S IF RJBI Guet scab 5.30 0.0022 8.51 8.32 0.27 
200 
201 

S 
S 

1G 
1G 

RUBI Fara occi 5.40 0.0023 3.95 
MYRT Pime race 19.30 0.0293 

0.70 
1.53 

0.67 
2.00 

202 S 1G MfkP Pime race 21.00 0.0346 14.5 0.08 5.38 
203 S 
204 M 

1G 
IG 

MYR] Pime race 13.40 0.0141 
MYRT Pime race 17.40 0.0238 

0.80 
1.24 

4.80 
4.90 

205 M 
206 S 

IG 
IG 

MYRT Pime race 15.20 0.0181 
INYCT Guap frag 6.30 0.0031 

1.24 
8.90 

5.20 
9.62 

207 S 1G MYRT Pime race 24.20 0.0460 18.2 9.45 8.05 
208 
209 

S 
S 

1G 
1G 

RWT]A Zant mart 28.30 0.0629 19.7 
BORA Cord alli 13.40 0.0141 13.6 

9.95 
9.90 

9.03 
7.43 

210 S 
211 M 
212 M 

IG 
1G 
1G 

MYRT Pime race 24.60 0.0475 
MYRT Pime race 15.60 0.0191 
MYRT Pime race 6.70 0.0035 

9.21 
6.70 
6.80 

6.15 
4.70 
4.80 

213 M 1G MYRP Pime race 14.00 0.0154 9.89 4.19 
214 M 1G MYIR] Pime race 11.20 0.0099 9.89 4.26 
215 
216 
217 

S 
S 
S 

1G 
1G 
1G 

NYC Guap frag 12.90 0.0131 
MIM Inga fagi 23.20 0.0423 15.1 
BORA Cord ooli 5.30 0.0022 7.29 

7.16 
7.16 
5.30 

2.54 
2.20 DEAD11/86 
2.57 

218 M 1G RUTA Zant mart 22.10 0.0384 16.1 2.18 1.15 
219 S IG RUA Zant mart 10.80 0.0092 5.35 1.00 
225 
226 

S 
S 

IG 
1G 

NYCT Guap frag 6.30 0.0031 
BORA Cord alli 20.40 0.0327 16.1 

4.60 
4.75 

0.80 
0.40 

227 S 1G NYCT Guap frag 9.00 0.0064 3.92 0.12 
228 S 1G CAPP Mori amer 6.70 0.0035 4.25 7.78 2.50 
229 S 1G NYCT Guap frag 7.40 0.0043 9.20 1.70 
230 S 3H BORA Cord alli 12.00 0.0113 13.9 0.35 0.15 
231 S 1H NYC Guap frag 3.20 0.0053 1.62 3.73 
232 S 1H MYRT Pimn race 7.50 0.0044 3.45 3.73 
233 S IH MYRI Pime race 7.50 0.0044 4.74 5.42 
234 S 3H MIMD Inga fagi 5.50 0.0024 5.03 4.06 
235 
236 

S 
S 

1H 
3H 

MYRT Pime race 
PALM Cocc alta 

6.20 0.0030 
9.50 0.0071 3.34 

4.90 
0.95 

6.89 
6.70 

237 S 1H MYRT Euge bifl 5.40 0.0023 7.29 0.12 7.70 
238 S IH MYRS Ardi obov 6.00 0.0028 10.0 5.78 5.00 
239 S 3H BIGN Tabe hete 46.50 0.1698 19.1 7.90 6.55 
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240 M 1H CLUS Clus rose 13.40 0.0141 20.3 6.36 6.34 VINE 
240a M 1H CLUS Clus rose 10.70 0.0090 6.36 6.34 
240b M 1H CLUS Clus rose 5.90 0.0027 6.36 6.34 
24c M IH CLUS Clus rose 8.10 0.0052 6.36 6.34 
240d M 1H CLUS Clus rose 7.50 0.0044 6.36 6.34 
240e M IH CLUS Clus rose 6.50 0.0033 6.36 6.34 
240f M IH CLUS Clus rose 7.20 0.0041 6.36 6.34 
241 S 1H MINO Inga fagi 8.30 0.0054 8.40 8.15 
242 S 1H MIND Inga fagi 14.80 0.0172 9.30 7.20 
243 S 1i M1 IrOa fagi 9.30 0.0068 8.56 7.70 
244 S 1H BIGN Tabe hete 17.40 0.0238 7.62 6.14 
245 S 3H RJBI Fara occi 7.20 0.0041 4.86 6.95 3.26 
246 S 1H MYRT Pime race 5.90 0.0027 9.62 2.18 
247 S IH MYRS Ardi obov 9.20 0.0066 11.8 8.94 2.02 
248 S 3H BORA Bour succ 8.30 0.0054 12.4 5.60 2.32 
249 S 1H MYRT Pime race 14.40 0.0163 6.50 0.78 
250 M 3H MYRT Pime race 11.90 0.3111 4.18 0.60 
251 M IH MYRT Fhre race 13.90 0.0152 4.18 0.79 
252 S 1I CAPP Mori amer 9.30 0.0068 7.29 0.48 1.33 
253 S 1I MYRT Pime race 13.80 0.0150 0.74 0.23 
254 S 1I BIGN Tabe hete 23.40 0.0430 0.61 4.54 
255 S 1I FLAC Case guia 7.30 0.0042 9.11 0.28 6.82 
256 S 1I MYRS Ardi obov 10.70 0.0090 9.72 G.80 7.14 
257 S 1I MYRS Ardi obov 9.70 0.0074 0.36 8.69 
258 M 1I LAUR Lica sali 8.00 0.0050 13.3 2.98 6.07 
259 M 1I LAUR Lica sali 9.10 0.0065 2.98 6.66 
260 S II RJBI Fara occi 6.30 0.0031 3.41 6.85 
261 S 1I BIGN Tabe hete 15.80 0.0196 12.7 5.13 5.38 SICK 1/87 
262 S 1I MIMO Inga fagi 12.30 0.0119 6.90 6.04 
263 S 1I BIGN Tabe hete 13.70 0,0147 6.93 6.35 
264 S 1I MYRT Pime race 16.10 0.0204 9.25 5.80 
265 S 1I RUBI Fara occi 5.00 0.0020 8.11 3.60 
266 S 1I MYRS Ardi obcv 11.30 0.0100 8.51 7.52 2.86 
267 S 1I CAPP Capp indi 19.50 0.0299 5.47 4.95 1.13 
268 S 1I FABA Andi iner 15.20 0.0181 6.68 7.70 0.37 
269 S U. MINO Inga fagi 27.10 0.0577 3.69 0.62 
270 M IJ RUBI Guet scab 10.60 0.0088 1.80 0.48 
271 M W RUBI G'et scab 12.30 0.0119 1.80 0.66 
272 S Q MIND Inga fagi 23.10 0.0419 17.0 4.48 0.90 
273 S W BIGN Macf ungu 6.30 0.0031 13.0 4.12 0.70 VINE 
274 S W FLAC Case guia 8.00 0.0050 8.51 3.98 2.67 
275 S U MIND Inga fagi 13.30 0.0139 1.80 5.72 
276 S W MYRS Ardi obov 7.10 0.0040 1.58 5.72 
277 S U MIND Inga fagi 8.20 0.0053 4.67 6.02 
278 S W NYCT Guap frag 7.30 0.0042 7.39 6.96 
279 S IJ MIND Inga fagi 19.70 0.0305 19.1 8.03 7.05 
280 S U MIND Inga fagi 27.70 C.0603 17.9 6.52 3.00 
281 S U MIND Inga fagi 6.90 0.0037 6.14 2.09 
282 S U IRJBI Fara occi 7.50 0.0044 5.16 7.47 2.76 
283 S U MALP Byrs cori 38.20 0.1146 18.2 8.75 2.11 
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284 S 
 IJ MY1S Ardi obov 6.60 0.0034 8.75 2.53
 
285 S IJ 
MYRS Ardi obov 10.30 0.0083 9.61 3.40

286 S 1J NYCT Guap frag 14.50 0.0165 9.61 3.55
 
287 S IJ MYRT Pime race 
6.30 0.0031 9.90 3.55

288 S U3 
 MALP Byrs cori 7.20 0.0041 8.20 9.97 2.68
 
289 S 2J MIM Inga fagi 20.20 0.0320 20.3 8.26 0.30
 
290 S 2J ~rMA Zant mart 8.90 0.0062 12.1 8.69 1.66
 
291 S 
 2J EUPH Mag r.bi 10.00 0.0079 13.0 9.94 7.00
 
292 S 2J 
STER Guaz ulmi 18.80 0.0278 15.8 9.70 9.60
 
293 S 2J MYIR Pime race 18.60 0.0272 9.80 8.33
 
294 S 2J 
MIM Inga fagi 5.10 0.0020 9.03 6.70
 
295 S 2J MIM Inga fagi 13.10 0.0135 14.8 8.61 6.04

296 S 2J MYRT Pime race 5.20 0.0021 8.03 9.90
 
297 S 2J PALM Cooc alta 
9.50 0.0071 3.95 5.85 5.38
 
2S8 S 2J 
MIO Irga fagi 10.40 0.0085 6.42 2.49
 
299 6 2J MYRT Pime race 8.60 0.0058 6.32 1.76
 
300 S 2J MALP Byrs cori 15.00 0.0177 14.2 4.78 1.12
 
301 S 2J 
MIM Inga fagi 14.40 0.0163 3.80 3.29
 
302 S 2J 
MALP Byrs cori 6.60 0.0034 3.80 3.92
 
303 S 23 MALP Byrs cori 7.70 0.0047 0.65 7.39

304 S 
 2J MIM Inga fagi 19.80 0.0308 0.45 4.21

305 S 2J NYCr Guap 1-Lag 7.50 0.0044 8.20 0.19 4.11
 
306 S 2J 
MLP Byrs cori 24.00 0.0452 17.6 0.22 2.25
 
307 S 2J 
MIM Inga fagi 10.40 0.0085 1.29 2.03
 
308 S 2J PALM Cocc aJta 7.40 0.0043 3.34 2.22 0.84
 
309 S 2J MAIP Byrs cori 31.40 0.0774 2.41 0.50
 
310 S 2J NYCT Guap frag 9.20 0.0066 0.07 0.22
 
311 S 21 MIM Inga fagi 
6.90 0.0037 8.01 0.61
 
312 S 21 MIN Inga fagi 17.80 0.0249 5.06 0.42
 
313 S 21 
STER Guaz ulmi 18.40 0.0266 16.1 4.43 1.85
 
314 S 21 BORA Cord sulc 17.40 0.0238 16.4 5.92 1.53
 
315 S 21 
 MYRW Pime race 9.00 0.0064 5.75 3.81
 
316 S 21 MALP Byrs cori 23.40 0.0430 19.7 9.04 6.27
 
317 S 21 
MAIP Byrs coici 21.80 0.0373 8.74 7.88
 
318 S 21 MALP Byrs cori 12.40 0.0121 8.70 8.10
 
319 S 2T 
MIM Inga fagi 8.50 0.0057 7.22 8.67
 
320 S 21 MIM Inga fagi 11.50 0.0104 5.91 4.73
 
321 S 21 
RUA Zant mart 26.50 0.0552 23.4 0.16 9.00
 
322 S 21 BORA Cord sulc 7.80 0.0048 11.5 2.94 1.20


2714 S 21 BORA Cord coll 
 5.00 0.0020 7.29 3.65 2.57
 
2715 S 21 MIM Inga fagi 
5.10 0,0020 0.22 9.65

323 S 2h 
SAPO Chry pauc 8.10 0.0052 10.0 7.65 2.30
 
324 S 2H BIGI Tabe hete 17.90 0.0252 4.95 2.49
 
325 S 
 2H MIM Irga fagi 14.60 0.0167 4.42 2.53
 
326 S 2H 
BIGN Tabe hete 35.00 0.0962 16.7 2.78 2.80
 
327 M 2H CIUS Clus rose 7.10 0.0040 20.6 3.11 2.60 VINE


327a M 2H 
CLUS Clus rose 19.50 0.0299 5.45 8.07 
327b M 2H CILIS Clus rose 9.50 0.0071 8.12 6.20
 
328 S 2H lAUR Ocot cori 7.30 0.0042 8.20 5.45 5.98
 
329 S 2H MIM Inga fa-i 6.10 0.0029 8.12 6.20
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330 S 2H RIOTA Zant mart 12.00 0.0113 9.65 6.33
 
331 S 2H MIM Inga fagi 5.30 0.0022 5.45 8.07
 
332 S 2H IAUR Ocot cori 7.70 0.0047 9.11 3.58 9.51
 
333 S 2H MIM Irga fagi 10.00 0.0079 2.61 7.55
 
334 S 21 MIM Inga fagi 6.20 0.0030 9.72 3.22 6.80
 
335 S 2H NYCr Guap frag 13.00 0.0133 1.05 4.35
 
336 S 2H MIM Inga fagi 8.00 0.0050 1.05 1.03
 
337 M 2H LAUR Ocot cori 12.10 0.0115 1.40 0.32
 
338 M 2H IAUR Ocot cori. 6.90 0.0037 1.20 0.08
 
2716 S 2H RUBI Fara occi 6.10 0.0029 3.08 0.10 
339 S 2G RIUA Zant mart 11.80 0.0109 13.9 6.36 0.62 
340 S 2G SAPO Chry pauc 10.80 0.0092 11.2 6.22 1.52 
341 S 2G KTBI Fara occi 5.70 0.0026 8.08 8.16 
342 S 2G RUBI Guet scab 6.40 0.0032 8.81 8.32 9.87 
343 S 2G MYRS Ardi cbov 12.20 0.0117 8.13 9.97 
344 S 2G BIGN Tabe hete 25.50 0.0511 6.28 9.70 
345 S 2G MMD Inga fagi 25.60 0.0515 19.1 3.88 7.88 
346 S 2G RUBi Fara occi 5.60 0.0025 3.86 7.11 
347 S 2G RUBI Fara occi 9.10 0.0065 6.68 8.12 6.60 
348 S 2G BIGN Tabe hete 8.90 0.0062 4.32 5.91 
349 S 2G NYCr Guap frag 12.50 0.0123 13.6 3.25 5.70 
350 S 2G NYCr Guap frag 6.10 0.0029 2.66 7.84 
351 S 2G IJBI Fara occi 6.30 0.0031 5.47 1.24 8.60 
352 M 2G MYRS Ardi obov 5.70 0.0026 1.28 8.68 
353 M 2G MYRS Ardi obav 5°00 0.0020 1.06 8.74 
354 S 2G MIM Inga fagi 9.10 0.0065 12.1 0.93 8.68 
355 S 2G MYRS Ardi obov 6.00 0.0028 8.20 0.18 7.15 
356 S 2G MIM Inga fagi 7.60 0.0045 2.50 5.80 
357 S 2G BORA Cord alli 6.20 0.0030 10.6 2.58 1.40 
358 S 2G BORA Cord alli 14.40 0.0163 14.5 2.08 1.04 
359 S 2G RIUTA Zant mart 7.10 0.0040 5.50 0.17 
360 S 2G NYCT Guap frag 5.40 0.0023 0.39 0.63 
361 M 2F STER Guaz ulmi 19.90 0.0311 14.8 6.34 0.12 
362 M 2F STER Guaz ulmi 18.40 0.0266 14.2 6.14 0.35 
363 M 2F STER Guaz uli 28.20 0.0625 6.63 0.37 
364 S 2F LAUR Ocot cori 7.70 0.0047 7.63 1.88 
365 S 2F MYRf Pime race 16.90 0.0224 12.7 9.62 2.70 
366 M 2F MYRT Pime race 6.90 0.0037 5.53 2.25 
367 M 2F MYRT Pime race 7.40 0.0043 10.3 5.72 2.04 
368 S 2F MYRr Pime race 23.70 0.0441 8.87 5.39 
369 S 2F FLAC Case deca 5.80 0.0026 7.90 9.44 5.75 
370 S 2F NYCr Guap frag 5.70 0.0026 9.71 6.75 
371 S 2F MYRS Ardi obov 10.70 0.0090 9.95 9.00 
372 S 2F 114 Inga fagi 16.30 0.0209 7.84 7.30 
373 S 2F NYCr Guap frag 6.30 0.0031 7.73 7.80 
374 S 2F NYCT Guap frag 29.40 0.0679 16.1 2.60 9.66 
375 M 2F MYRS Ardi obov 7.30 0.0042 9.72 1.60 9.54 
376 M 2F MYRS Ardi obov 6.00 0.0028 1.76 9.60 
377 S 2F LAUR Ocot cori 15.30 0.0184 11.8 4.02 5.00 
378 S 2F FLAC Case deca 6.40 0.0032 8.20 2.07 3.30 
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379 S 2F 
OLEA Lino cari 6.50 0.0033 9.11 1.52 1.40
 
380 S 2F RUA Zant mart 
9.80 0.0075 10.0 1.02 1.02
 
381 S 
 2E FLAC Case deca 5.10 0.0020 8.20 0.09 5.10

382 M 2E 
NYCT Guap frag 24.50 0.0471 6.00 0.72
 
383 M 2E 
NYCT (uap frag 16.40 0.0211 7.10 0.95
 
384 S 2E 
NYCT Guap frag 22.00 0.0380 6.83 2.77
 
385 S 
 2E NYCT Guap frag 12.70 0.0127 12.4 6.42 3.05

386 S 2E OLEA Lino cari 10.00 0.0079 9.42 7.70 4.49 
387 S 2E 
NYCT Guap frag 8.20 0.0053 8.00 5.72
 
388 S 2E NYCT Guap frag 
8.00 0.0050 7.90 5.80
 
389 S 2E 
NYCT Guap frag 8.30 0.0054 12.1 9.32 6.70
 
390 S 2E MIM Inga fagi 19.00 0.0284 9.10 9.85
 
391 S 
 2E NYCT Guap frag 31.10 0.0760 8.40 9.80

392 S 2E VERB Cith frut 
7.30 0.0042 5.09 6.67

393 M 2E 
NYCT Guap frag 6.40 0.0032 12.1 2.10 8.56
 
394 M 2E NYC Guap frag 
6.50 0.0033 1.85 8.25
 
395 S 2E NYC Guap frag 7.90 0.0049 0.95 6.80
 
396 S 2E NYC Guap frag 9.50 0.0071 4.31 6.07
 
397 M 2E 
MIMO Acac muri 15.80 0.0196 3.42 4.80
 
398 M 2E MID4 Acac muri 14.60 0.0167 14.2 3.E2 5.05
 
399 M 2E CAPP Capp indi 7.30 0.0042 8.20 1.,10 3.40

400 M 2E CAPP Capp indi 5.70 0.0026 1,48 3.60
 
401 M 
 2E NYCT Guap frag 9.20 0.0066 2.38 3.93 SICK11/86

402 M 2E NYC Guap frag 9.30 0.0068 2.25 4.00
 
403 S 2E OLEA Lino cari 8.80 0.0061 5.22 3.54

404 S 2E IAUR Ocot cori 8.90 0.0062 10.9 4.31 3.32
 
405 S 
 2E NYC Guap frag 15.40 0.0186 4.61 2.64
 
406 S 2E OLEA Lino cari 5.20 0.0021 6.68 3.17 1.32
 
407 S 2E NYCf Guap frag 6.70 0.0035 3.12 0.94
 
408 S 2E NYCr Guap frag 5.80 0.0026 2.71 0.08

409 S 2D NYCr Guap frag 6.80 0.0036 9.15 2.68
 
410 S 2D BJRS Burs sima 6.70 0.0035 5.77 9.42 3.01

411 S 2D NYC Guap frag 
9.70 0.0074 9.30 3.61
 
412 S 2D BORA Bour succ 
5.30 0.0022 8.20 8.37 4.28
 
413 M 2D 
MIMD Acac muri 15.00 0.0177 8.80 4.50 
414 M 2D MIM Acac muri 14.40 0.0163 8.60 4.37 
415 M 2D MIM Acac muri 14.20 0.0158 9.20 4.20
416 S 2D 
NYCr Guap frag 7.80 0.0048 9.65 5.25
 
417 S 2D 
OLEA Lino cari 12.90 0.0131 12.7 9.30 5.67
 
418 S 2D 
NYCr Guap frag 10.40 0.0085 9.79 8.90 
419 S 2D OLEA Lino cari 5.30 0.0022 9.85 9.20
420 S 2D 
NYCT Guap frag 35.10 0.0968 15.8 6.29 9.25
 
421 S 2D MYRT Myrc citr 
6.70 0.0035 7.90 6.00 9.71
 
422 S 2D NYCT Guap frag 24.70 0.0479 5.50 8.55

423 M 2D MYRT Pime race 14.80 0.0172 10.9 5.80 8.60
 
424 M 2D 
MYRU Pime race 15.30 0.0184 2.94 8.90

425 M 2D MYRT Pime race 6.20 0.0030 3.20 9.05
 
426 S 2D RUBI Guet scab 6.00 0.0028 9.42 0.30 5.03
 
427 S 2D RMBI Guet scab 5.50 0.0024 8.20 0.60 4.00

428 M 2D 
MYR]? Pime race 10.30 0.0083 3.41 3.35
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429 M 2D MYRT Pime race 8.80 0.0061 3.34 3.60 
430 M 2D MYRT Pime race 9.20 0.0066 3.21 3.44 
431 S 2D CAPP Mori amer 5.50 0.0024 6.68 5.70 6.85 
432 S 2D MYRT Pime race 11.60 0.0106 7.30 6.20 
433 S 2D MIM Acac muri 9.00 0.0064 7.20 3.55 
434 S 2D MIM Acac muri 13.00 0.0133 7.52 3.32 
435 S 2D BORA Cord alli 7.30 0.0042 10.6 6.98 2.45 
436 S 2D MIM Acac muri 17.70 0.0246 6.72 1.47 
437 M 2D MIM Acac muri 24.00 0.0452 5.82 2.00 
438 M 2D MIMD Acac muri 15.70 0.0194 5.80 2.25 
439 M 2D MYRT Pime race 12.30 0.0119 5.21 2.30 
440 M 2D MYRT Pime race 12.30 0.0119 5.35 2.61 
441 S 2D BORA Bour succ 5.70 0.0026 9.72 5.35 2.61 
442 M 2D MIM Acac muri 7.60 0.0045 1.08 9.98 
443 M 2C MYRT Pime race 6.40 0.0032 9.47 0.23 
444 S 2C BIGN Tabe hete 6.00 0.0028 8.86 1.53 
445 M 2C MIN Acac muri 9.10 0.0065 8.41 1.53 
446 M 2C MTM Acac muri 13.50 0.0143 8.70 1.23 
447 S 2C FLIM Acac muri 14.60 0.0167 14.8 8.12 0.62 
448 S 2C 1IMD Acac muri 9.80 0.0075 6.60 0.92 
449 S 2C BORA Cord alli 9.90 0.0077 12.7 8.17 4.40 
450 M 2C MYRT Pime race 12.50 0.0123 7.25 7.30 
451 M 2C MYRP Pime race 11.80 0.0109 7.25 7.40 
452 M 
453 M 

2C 
2C 

MD)Acac muri 18.80 0.0278 19.4 
MIM Acac muri 17.70 0.0246 

7.90 
7.90 

8.15 
7.85 

454 M 2C MIM Acac muri 14.90 0.0174 7.25 8.05 
455 S 2C NYCT Guap frag 9.40 0.0069 7.76 9.30 
456 S 2C MIM Acac muri 13.40 0.0141 6.62 9.80 
457 S 2C RUBI Guet scab 6.00 0.0028 10.3 4.81 7.00 
458 S 2C MIM Acac muri 8.30 0.0054 5.06 4.65 
459 M 2C MYRT Pime race 13.50 0.0143 5.42 3.35 
460 M 2C MYIRT Pine race 10.50 0.0087 5.51 3.00 
461 M 2C MYRr Pime race 9.70 0.0074 3.67 2.35 463 DEAD 
462 M 2C MYRT Pime race 15.30 0.0184 3.67 2.00 
463 M 2C MYRI? Pime race 5.50 0.0024 3.52 2.25 
464 S 2C MYRT Pime race 14.40 0.0163 14.2 3.45 1.00 
465 M 2C MYRT Pime race 8.90 0.0062 2.99 0.50 
466 M 2C MYRT Pime race 8.20 0.0053 3.01 0.30 
467 M 2C MYRF Pine race 10.20 0.0082 1.12 0.39 
468 M 2C MYRT Pime raca 6.60 0.0034 1.20 0.42 
469 S 2C MIM Acac muri 19.00 0.0284 0.97 2.10 
470 S 2C MIM Acac muri 11.40 0.0102 1.59 7.09 
471 S 2C 1HBI Guet scab 5.30 0.0022 9.72 1.02 7.62 
472 S 2C RUBI Guet scab 5.00 0.0020 0.27 8.21 
473 S 2C MIM Acac muri 8.00 0.0050 2.89 5.20 
474 S 2C MIM Acac muri 11.10 0.0097 4.30 4.20 
475 M 2C MIM Acac muri 21.90 0.0377 20.0 0.42 4.04 
476 M 2C MIM Acac muri 16.60 0.0216 0.30 4.04 
477 S 2B MUBI Guet scab 6.30 0.0031 8.81 7.07 2.50 
478 S 2B RUBI Guet scab 6.20 0.0030 9.89 5.00 
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479 S 2B MIM Acac muri 
9.90 0.0077 

480 M 2B MYR Pime race 13.50 0.0143 
481 M 2B 
MYRT Pime race 6.60 0.0034 

482 S 2B MIM Acac muri 14.00 0.0154 

483 M 2B MYRT Pime racej 10.60 0.0088 

484 M 2B 
MYRT Pimue race 10.10 0.0080 


7.87 5.25
 
6.64 5.10 
6.58 5.00
 
6.58 5.00
 
6.72 9.55
 
6.72 9.30
 

485 S 
487 S 
488 S 
489 M 
490 S 
490 S 
491 S 
492 S 
493 S 
494 S 
495 S 
496 S 
498 S 
499 S 

2B 
2B 
2B 
2B 
2B 
2B 
2B 
2B 
2B 
2B 
2B 
29 
2B 
2B 

MIM Acac muri 9.20 0.0066 
MIM Acac muri 14.10 0.0156 
MIM Acac muri 21.80 0.0373 
MIM Acac muri 20.20 0.0320 
MlI Acac muri 18.40 0.0266 
RIUBI Guet scab 4.90 0.0019 
MIM Acac muri 8.50 0.0057 
RJBI Fara occi 7.20 0.0041 5.16 
RUBI Guet scab 7.90 0.0049 12.1 
RJBI Guet scab 5.70 0.0026 
MIMO Acac muri 10.90 0.0093 
MIM Acac muri 15.90 0.0199 
RLEA Zant mart 5.40 0.0023 
MYRI Pime race 13.10 0.0135 11.5 

6.41 
5.89 
5.65 
1.95 
0.63 
0.63 
1.60 
1.12 
4.24 
5.58 
5.12 
4.66 
5.09 
4.87 

9.30 
9.70 
8.30 
9.75 
9.60 
9.60 
8.00 
7.00 
5.80 
5.90 
4.20 
3.90 
3.35 DEAD 1/87 
1.50 

500 
501 
502 

S 
S 
S 

2B 
2A 
2A 

MI0 Acac muri 18.40 0.0266 
MYRS Ardi obov 5.70 0.0026 6.99 
RJBI Fara occi 5.60 0.0025 

0.55 
9.92 
8.92 

4.40 
0.46 
0.56 

503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

2A VERB Cith frut 9.40 0.0069 12.1 
2A NYCT Guap frag 8.20 0.0053 
2A RUBI Fara occi 5.60 0.0025 7 
2A MIM Acac muri 17.30 0.0235 
2A BIGN Tabe hete 29.30 0.0674 19.4 
2A MIMD Acac ruri 8.10 0.0052 
2A MIM Acac muri 21.80 0.0373 
2A NYCr Guap frag 7.10 0.0040 
2A OLEA Lino cari 6.60 0.0034 9.72 
2A RJBI Guet scab 5.60 0.0025 
2A MIM Acac muri 19.10 0.0287 
2A RJBI Guet scab 5.50 0.0024 
2A FUBI Guet scab 6.60 0M0034 
2A NYCT Guap frag 5.40 0.003 
2A RUBI Guet scab 6.20 0.0030 
2A RU3I Guet scab 5.50 0.0024 
2A IN ' Pime race 10.80 0.0092 
2A VERB Cith frut 6.40 0.0032 
2A MYR Pine race 6.50 0.0033 
2A RUBI Guet scab 7.80 0.0048 
2A BIGN Tabe hete 22.20 0.0387 
2A CAPP Mori amer 5.10 0.0020 6.68 
2A NYCT Guap frag 7.50 0.0044 
2A CAPP? Mori amer 6.40 0.0032 6.68 
2A MIMD Acac muari 16.30 0.0209 
2A RPUBI Guet scab 7.60 0.0045 
2A OLEA Lino cari 7.90 0.0049 10.9 

7.59 
7.49 
5.42 
5.39 
8.24 
8.24 
9.23 
9.05 
6.99 
8.28 
7.55 
8.49 
9.95 
8.93 
9.42 
9.42 
7.11 
6.56 
5.82 
3.97 
3.41 
0.20 
1.58 
1.31 
3.71 
4.36 
5.34 

0.42 
0.38 
4.60 
3.80 
3.70 
4.20 
4.60 
5.15 
2.10 
4.50 
5.90 
6.15 
3.80 
8.70 
8.95 
9.15 
6.75 
7.35 SICK 3/86 
8.00 
7.50 
7.00 
9-17 
8.30 
7.95 
6.20 
5.95 
4.45 
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530 S 2A OLEA Lino cari 8.20 0.0053 3.86 2.00 
531 S 2A MYRS Ardi cbov 6.00 0.0028 2.28 2.05 
532 S 2A MIM Acac muri 10.00 0.0079 2.19 3.10 
533 S 2A BIGN Tabe hete 22.60 0.0401 2.14 3.78 
534 S 2A MIM Acac muri 12.00 0.0113 2.31 4.05 
535 S 2A CAPP Mori amer 9.10 0.0065 9.11 0.35 5.40 
536 S 2A OLEA Lino cari 8.30 0.0054 2.02 4.05 
537 S 2A NYCT Guap frag 5.20 0.0021 1.18 3.40 
538 S 3A NYCr Guap frag 6.30 0.0031 1.87 0.85 
539 S 3A MIM Acac muri 21.80 0.0373 2.52 0.90 
540 S 3A MIM3 Acac nmuri 13.20 0.0137 0.50 2.84 
541 S 3A MYRT Euge mont 7.60 0.0045 10.0 0.84 2.90 
542 S 3A MIMD Acac muri 13.00 0.0133 1.52 4.00 
543 S 3A MYRS Ardi obov 5.80 0.0026 0.54 4.00 
544 S 3A NYCT Guap frag 7.30 0.0042 1.51 5.00 
545 S 3A MYRT Euge mont 6.70 0.0035 10.3 2.40 5.15 
546 S 3A MD Acac uiri 16.30 0.0209 0.38 6.13 
547 M 3A BIGN Ttibe hete 11.30 0.0100 0.57 6.25 DEAD 7/86 
548 M 3A BIGN Tabe hete 17.20 0.0232 0.58 6.25 
549 S 3A VERB Cith frut 7.70 0.0047 10.3 0.83 7.30 
550 S 3A NYCT Guap frag 7.20 0.0041 3.10 6.25 
551 S 3A MIMh Acac muri 12.30 0.0119 3.27 7.30 
552 S 3A OLEA Lino cari 5.70 0.0026 8.51 4.04 8.00 
553 S 3A MMRP Myrc citr 5.70 0.0026 9.11 4.31 7.50 
554 S 3A RUBI Guet scab 8.50 0.0057 5.12 7.30 
555 S 3A NYCT Guap frag 7.60 0.0045 4.76 4,,80 
556 S 3A MErM Acac muri 28.50 0.0638 6.45 9.40 
557 S 3A MIM Acac muri 8.30 0.0054 6.50 9.50 
558 S 3A MYRT Pime race 6.70 0.0035 7.67 7.50 
559 S 3A MIMD Acac muri 14.50 0.0165 15.5 7.83 8.40 
560 S 3A MYRT Pine race 8.90 0.0062 9.39 9.70 
561 S 3A OLEA Lino cari 8.80 0.0061 9.39 4.20 
562 S 3A MYR Pime race 10.00 0.0079 10.6 9.32 3.50 
563 S 3A NYCT Guap frag 5.30 0.0022 6.70 5.50 
564 S 3A MIDU Acac muri 20.90 0.0343 6.95 4.70 W/CTJJSIA 
565 S 3A MIM Acac muri 19.60 0.0302 6.95 3.75 
566 S 3A RUBI Guet scab 5.30 0.0022 6.14 2.30 
567 S 3A NYCr Guap frag 5.00 0.0020 5.47 1.30 SICK 7/86 
568 S 3A MIM Acac muri 9.00 0.0064 6.19 1.45 
569 S 3A NYCT Guap frag 6.20 0.0030 7.06 1.35 
570 M 3A IUBI Guet scab 8.30 0.0054 13.2 7.10 1.60 
571 M 3A RUBI Guet scab 10.00 0.0079 7.21 1.75 
572 S 3A RU13I Guet scab 6.50 0.0033 7.96 1.05 
573 S 3A OLEA Lino cari 6.00 0.0028 9.11 5.66 1.20 
574 M 3B M43 Acac muri 18.40 0.0266 2.08 0.20 
575 S 3B MIM Acac muri 24.30 0.0464 2.08 0.20 
576 M 3B BIGN Tabe hete 16.20 0.0206 15.8 4.31 2.50 
577 M 3B BIGN Tabe hete 13.10 0.0135 2.41 4.10 
578 S 3B JBI Guet scab 8.70 0.0059 2.01 3.85 
579 S 3B MIM1 Acac muri 18.10 0.0257 3.49 4.30 
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APPENDIX I. (Contiriu-)
580 S 3B NYCT Guap frag 8.00 0.0050 1.04 7.30

581 S 3B MIMD Acac nuri 10.50 0.0087 0.74 9.27

582 M 3B CAPP Mori amer 8.20 0.0053 7.90 3.78 8.60

583 M 3B CAPP Mori amer 5.00 0.0020 3.78 9.00

583 S 3B MIM Acac nuri 23.10 0.0419 3.78 9.00

585 S 3B RUBI Fara occi 5.00 0.0020 4.35 7.75

586 S 3B 
LAUR Ocot cori 5.50 0.0024 4.86 4.85 9.60

587 S 3B NYCT Guap frag 6.00 0.0028 5.04 9.45
588 S 3B MIM Acac nuri 20.70 0.0337 5.32 9.30 
589 S 3B 
MIM Acac muri 11.50 0.0104 5.44 9.05

590 S 3B MIMD Acac muri 14.70 0.0170 8.54 9.70
591 S 3B VEPB Cith frut 
7.00 0.0038 4.95 6.95 SICK 1/87

592 S 3B NYC? Guap frag 8.60 0.0058 5.67 6.30

593 S 3B M3DU Acac muri 13.10 0.0135 5.09 6.35
 
594 S 3B 
 JB Fara occi 5.50 0.0024 7 3.72 4.75
595 S 3B OLEA Lino cari 6.60 0.0034 5.62 3.20 DEAD 3/86

596 S 3B MIM Acac nuri 10.80 0.0092 4.35 2.90

597 S 3B RUBI Fara occi 5.00 0.0020 6.52 2.65

598 S 3B MYRlU Pime race 
8.50 0.0057 6.87 2.50

599 S 3B MYMT Pime race 9.90 0.0077 11.2 8.31 3.15

600 S 3B 
MYRT Pime race 6.10 0.0029 9.54 4.75

601 S 3B MIMO 
 Acac muri 15.50 0.0189 9.78 5.55
 
602 S 3B 
MM Pime race 5.70 0.0026 8.81 7.40 5.60


2717 S 3B PJBI Fara occi 
5.50 0.0024 7.78 C.74
 
603 S 3C 
BIGN TaL,. hete 41.00 0.1320 23.1 0.45 8.10

604 S 3C MIM Acac nuri 16.80 0.0222 0.98 9.10
 
605 S 3C 
MALP Byrs cori 23.10 0.0419 17.6 1.2 8.95

606 S 3C 
MALP Byrs cori 13.80 0.0150 1.27 8.10

607 S 
 3C RUBI Fara occi 5.10 0.0020 1.27 7.00

608 S 3C 
BIGN Tabe hete 17.10 0.0230 1.52 7.10

609 S 3C 
MYRS Ardi cbov 5.40 0.0023 1.48 6.05
 
Gi0 S 3C MYRS Ardi cbov 
7.00 0.0038 10.j 2.42 8.10
 
611 S 3C MYRS Ardi obov 
7.50 0.0044 3.15 8.70

612 S 3C MIM Acac muri 
8.20 0.0053 2.91 4.15

613 S 3C NYCCT Guap frag 14.20 0.0158 2.20 4.20

614 S 3C 
MIV Acac muri 11.20 0.0099 0.85 3.28
 
615 M 3C 
MYRT Pime race 11.90 0M0111 11.5 3.05 1.15

616 M 3C MYRT Pime race 
8.00 0.005C 3.10 1.40
 
617 M 3C 
MIMO Acac nuri 12.00 0.0113 2.85 2.15

618 M 3C MIM 
Acac muri 10.40 0.0085 2.85 2.35
 
619 S 3C MYIRS Ardi abov 
6.60 0.0034 2.72 3.40

620 S 3C 
NYCT Guap frag 9.50 0.0071 3.94 2.55

621 S 3C MALP Byrs cori 12.50 0.0123 14.5 5.12 3.80

622 S 3C MIM 
Acac iuri. 15.70 0.0194 5.12 1.05
622 M 3C 
 .AUR Ocot cori 11.40 0.0102 7.04 1.60

624 M 3C 
IAUR Ocot cori 8.20 0.0053 6.72 2.05 
625 S 3C NYCT Guap frac 10.60 0.0088 8.31 2.30
626 S 
 3C NYC] Guap frag 6.10 0.0029 9.01 0.50
627 S 3C NYC] Guap frag 15.70 0.0.94 13.0 9.94 3.90
628 S 3C MlM Inga fpgi 9.30 0.0068 10.0 7.70 4.06 
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629 S 3C MEMO Acac muri 23.20 0.0423 4.81 4.55
 
630 S 3C MYRS Ardi obov 5.40 0.0023 5.16 4.88
 
631 S 3C IAUR Ocot cori 8.70 0.0059 9.11 8.21 6.25
 
632 S 3C BIGN Tabe hete 9.40 0.0069 6.72 7.70
 
633 M 3C MYPS Ardi obov 6.70 0.0035 5.47 6.95 7.38
 
634 M 3C MYRS Ardi obov 5.10 0.0020 9.95 7.60
 
635 M 3C MYRS Ardi cbov 5.00 0.0020 8.10 7.38
 
636 S 3C MALP Byrs oori 15.50 0.0189 6.47 8.55
 
637 S 3C MIM Inga fagi 14.30 0.0161 15.8 6.24 8.55
 
638 S 3C MALP Byrs cori 13.70 0.0147 5.90 9.20
 
639 S 3C MYRS Ardi obov 10.20 0.0082 5.93 9.55
 
640 S 3C BIGN Tabe hete 28.80 0.0651 5.81 9.35
 
641 S 3C RUBI Guet scab 9.90 0.0077 13.6 4.79 9.00
 
642 S 3C LAUR Ocot cori 6.50 0.0033 3.43 8.25
 
643 S 3C MALP Byrs oori 17.90 0.0252 3.34 9.35
 
644 S 3C OC-N Oura lito 5.10 0.00:;0 7.29 3.47 9.65 
645 S 3C MYRS Ardi obov 6.00 0.0028 3.25 8.50 
646 S 3C LAUR Ocot cori 7.20 0.0041 3.72 7.20 
647 S 3D MYPS Ardi obov 6.00 0.0028 2.46 8.54 
648 S 3D NYCT Guap frag 20.70 0.0337 1.63 7.55 
649 M 3D LAUR Lica sali 15.30 0.0184 11.5 3.52 6.65 
650 M 3D LAUR Lica sali 5.40 0.0023 3.72 6.95 
651 S 3D MALP Byrs cori 28.00 0.0616 2.81 3.40 
652 S 3D MYRS Ardi obov 5.30 0.0022 1.88 2.93 
653 S 3D NYCT Guap frag 11.70 0.0108 2.31 2.25 DEAD 3/86 
654 S 3D MYRT Myrc citr 5.50 0.0024 6.38 2.12 1.70 
655 S 3D MYRl Myrc citr 5.10 0.0020 0.03 0.83 
656 S 3D NYCr Guap frag 16.10 0.0204 0.08 0.40
 
657 S 3D NYCT Guap frag 10.70 0.0090 0.70 0.05
 
658 S 3D NYCr Guap frag 11.60 0.0106 9.10 0.26
 
659 S 3D CUJS CIus rose 15.80 0.0196 17.9 9.90 0.40 VINE 
660 S 3D BIGN Tabe hete 32.30 0.0819 10.00 0.22
 
661 S 3D NYCT Guap frag 16.50 0.0214 16.1 10.00 2.42 
b62 S 3D NYCT Guap frag 8.10 0.0052 8.42 3.25
 
663 S 3D NYCT Guap frag 7.90 0.0049 10.3 5.66 3.80
 
664 S 3D MYRS Ardi cbov 7.30 0.0042 6.01 4.15
 
665 S 3D OIFA Lino cari 8.80 0.0061 11.8 6.69 4.34
 
666 S 3D MYRT Pime race 6.00 0.0028 8.10 4.95
 
667 S 3D NYCT Guap frag 20.20 0.0320 7.32 5.90
 
668 S 3D NYCT Guap :rag 19.60 0.0302 4.05 8.90
 
669 S 3D LAUR Ocot oori 16.40 0.0211 13.0 8.94 7.58
 

2718 S 3D LAUR Ocot cori 7.20 0.0041 6.68 4.62 9.95 
670 S 3E NYCr Guap frag 12.40 0.0121 0.62 9.45 
671 S 3E MYRT Myrc citr 7.90 0.0049 10.6 1.27 8.62 
672 S 3E BIGN Tabe hete 28.50 0.0638 1.14 7.85 
673 S 3E MIM1 Acac Turi 22.70 0.0405 16.1 0.70 8.02 
674 S 3E MYRS Ardi obov 6.70 0.0035 10.3 1.76 9.20
 
675 S 3E NYCT Guap frag 29.90 0.0702 13.9 2.40 8.75 
676 M 3E MYRS Ardi obov 6.40 0.0032 2.06 6.68
 
677 M 3E MYRS Ardi cobv 6.10 0.0029 2.15 6.80 
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678 S 3E BIGN Tabe hete 27.50 0.0594 2.58 6.35 
679 S 
 3E NYCT Guap frag 9.20 0.0066 0.92 4.70

680 S 3E OIEA Lino cari 8.10 0.0052 1.01 4.30
681 S 3E OLEA Lino cari 7.90 0.0049 9.72 0.72 2.62

682 S 
 3E LAUR Ocot cori 12.30 0.0119 0.17 2.17
683 S 3E OLEA Lino cari 
5.10 0.0020 1.38 2.20
 
684 S 3E MYRT Myrc citr 
5.20 0.0021 4.25 1.13 1.32

685 M 3E NYCT Guap frag 14.80 0.0172 1.82 0.62

686 M 3E NYCr Guap frag 6.70 0.0035 1.67 0.19

687 M 3E NYCT Guap frag 8.10 0.0052 2.76 0.70

688 M 3E NYCT Guap frag 8.90 0.0062 2.67 0.75

689 M 3E NYCT Guap frag 13.20 0.013' 2.67 0.79

690 M 3E NYCr Guap frag 7.90 0.0049 2.87 0.69

691 S 3E OLEA Lino cari 6.10 0.0029 3.42 1.05

692 S 3E BORA Bour suoc 16.00 0.0201 11.2 3.90 0.98

693 S 3E OLEA Lino cari 
8.70 0.0059 10.0 3.90 1.60

694 S 3E MY.RS Ardi obov 7.00 0.0038 4.50 1.00 
695 S 3E 
OLEA Lino cari 10.40 0.0085 5.66 1.10
696 S 3E NYCT Guap frag 22.60 0.0401 9.38 0.90 
697 M 3E OL)A Lino cari 6.30 0.0031 9.84 2.00

698 M 3E 
OLEA Lino cari 14.00 0.0154 9.92 2.10
 
699 S 3E 
EJPH Marg nobi 18.70 0.0275 14.2 8.75 2.40
 
700 S 3E MYRS Ardi obov 9.20 0.0066 7.34 2.50
 
701 S 3E MYRS Ardi obcov 8.60 0.0058 10.3 7.97 3.25
 
702 S 3E 
MYRS Ardi obov 5.20 0.0021 6.33 2.40
 
703 S 3E MYRS Ardi obov 
5.50 0.0024 4.55 3.60

704 S 3E OLEA Lino cari 9.40 0.0069 3.24 3.15
705 S 3E NYCT Guap frag 6.60 0.0034 1.50 2.25 
706 S 3E MYRS Ardi c~obv 9.60 0.0072 10.0 3.80 4.25
 
707 S 3E MYRS Ardi obov 
8.10 0.0052 3.14 5.03

708 S 3E 
MYRI Pime race 6.00 0.0028 5.40 9.80
 
709 0 3E NYCT Guap frag 10.70 0.0090 7.98 5.85

710 M 3E MYRS Ardi obov 5.80 0.0026 8.45 6.85
 
711 M 
 3E MYRS Ardi obov 5.30 0.0022 8.62 7.00
 
712 S 3E RIUBI Fara occi 5.70 0.0026 5.16 9.20 6.40 
713 S 3E 
lAUR Ocot cori 14.50 0.0165 11.8 9.12 7.25
 
714 S 3E MYRS Ardi obov 
5.50 0.0024 8.97 9.70

715 S 3E 
MIMJ Inga fagi 18.00 0.0254 9.12 9.85 SICK11/86


2719 S 3E NYCT Guap frag 6.50 0.0033 10.0 4.23 4.90
2720 S 3E RIJBI Fara occi 5.20 0.0021 8.50 5.30 

716 S 3F BIGN Tube hete 11.90 0.0111 0.35 9.50
717 S 3F BIGN Tabe hete 14.50 0.0165 14.5 2.23 9.00

718 S 3F SIMA Picr anti 24.20 0.0460 15.8 4.08 9.80
 
719 S 3F 
NYCT Guap frag 39.20 0.1207 1,45 7.20
 
720 S 
 3F MYRS Ardi cbov 8.70 0.0059 0.15 6.80
 
721 S 3F MYRS Ardi obov 6.30 0.0031 3.13 6.05

722 S 3F 
NYCT Guap frag 13.50 0.0143 1.22 3.45
 
723 S 3F MYRS Ardi obov 
7.20 0.0041 2.08

724 S 3F NYC] Guap frag 19.80 0.0308 

2.05
 
4.02 1.40

725 M 3F MYRS Ardi obov 
9.00 0.0064 9.11 5.21 2.15
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726 M 3F MYRS Ardi obov 7.20 0.0041 5.45 2.15 
727 M 3F MYRS Ardi obov 8.20 0.0053 6.10 2.30 
728 S 3F MYRS Ardi abov 7.10 0.0040 6.15 0.59 
729 S 3F ANAC Spon momb 32.50 0.0830 14.8 5.01 4.85 
730 M 3F NYCr Guap frag 50.30 0.1987 5.01 5.35 
733 S 3F OLEA Lino cari 6.30 0.0031 6.55 6.60 
734 S 3F MYRS Ardi obov 6.00 0.0028 6.65 6.70 
735 S 3F IAJR Ocot cori 8.70 0.0059 5.79 7.20 
736 S 2F MIM Inga fagi 13.70 0.0147 6.45 8.10 
737 S 3F ALIR Ocot cori 6.20 0.0030 7.97 6.20 
738 S 3F MYRS Ardi obov 7.10 0.0040 9.30 7.55 
739 S 3F FLAC Case deca 7.30 0.0042 9.42 8.75 7.90 
740 S 3F SIMA Picr anti 9.20 0.0066 8.81 9.42 9.30 
751 S 3F OLEA Lino cari 6.20 0.0030 6.24 9.40 
741 
742 

S 
S 

3G 
3G 

lAUR Ocot cori 
RJBI Fara occi 

5.90 0.0027 
5.50 0.0024 

0.74 
2.45 

6.80 B32T 1/87 
6.00 

743 S 3G MIMO Ina fagi 7.20 0.0041 2.99 3.75 
744 S 3G CEIA Mayt elli 7.10 0.0040 4.86 0.56 3.15 
745 S 3G MYIRS Ardi cbov 10.70 0.0090 0.28 0.53 
746 S 3G MIM Inga fagi 38.70 0.1176 1.60 0.90 
747 S 3G NYCT Guap frag 16.20 0.0206 6.16 1.95 
748 S 3G RJBI Fara occi 5.30 0.0022 6.55 2.90 
749 S 3G BORA Cord alli 24.20 0.0460 17.9 8.52 3.40 
750 S 
752 M 

3G 
3G 

BORA Cord alli 10.60 0.0088 
SAPI Allo race 6.70 0.0035 7.59 

6.12 
9.88 

3.50 DEAD 3/86 
8.00 

753 M 3G SAPI Allo race 8.50 0.0057 9.42 9.86 8.00 
754 S 3G BIGN Tabe hete 36.10 0.1024 22.4 9.45 9.60 
755 S 3G MYRS Ardi obov 8.20 0.0053 9.95 9.55 
756 S 3H MALP Byrs cori 31.00 0.0755 19.7 3.76 5.40 
757 S 3H NYC Guap frag 14.50 0.0165 13.6 2.31 3.75 
758 S 3H LAUR Ocot cori 9.00 0.0064 2.04 1.45 
759 S 3H MIM4D Inra fagi 21.40 0.0360 18.2 9.32 2.10 
760 S 3H MIMJ Inga fagi 16.70 0.0219 6.81 4.50 
761 S 3H NYCT Guap frag 8.10 0.0052 10.0 8.27 5.60 
762 S 3H NIM Inga fagi 13.50 0.0143 14.5 8.10 7.10 
763 S 3H NYCT Guap frag 5.50 0.0024 9.50 6.50 

2758 S 3H MIM Inga fagi 5.20 0.0021 6.70 0.80 SICK 1/87 
764 S 31 MIM Inga fagi 6.60 0.0034 0.45 8.65 
765 M 31 CAES Hyme cour 34.50 0.0935 23.4 3.90 9.75 
766 M 31 CAES Hyme cour 41.90 0.1379 3.50 9.20 
767 S 31 MDU Ina fagi 9.00 0.0064 6.14 8.25 
768 S 31 MIM Inga fagi 5.40 0.0023 5.36 6.85 
769 S 31 NYCT Guap frag 5.30 0.0022 4.90 7.CO 
770 S 31 MYRT Pime race 6.10 0.0029 5.31 6.40 
771 S 31 MIMV Inga fagi 6.50 0.0033 4.74 5.65 
772 S 31 ML40 Inga fagi 7.80 0.0048 10.0 5.45 5.30 
773 S 31 MIM Inga fagi 6.30 0.0031 4.01 4.60 
774 S 31 NYCr Guap frag 5.70 0.0026 2.09 4.05 
775 S 31 MALP Byrs cori 23.20 0.0423 16.7 0.85 1.75 
776 S 31 MI Inga fagi 5.50 0.0024 1.00 1.35 
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777 S 31 
 NYCr Guap frag 9.30 0.0068 2.80 1.40
 
778 S 31 MALP Byrs cori 22.10 0.0384 18.8 4.39 2.35

779 S 31 MIM Inga fagi 
6.20 0.0030 7.74 1.60
 
780 S 31 
MYRT Pime race 9.70 0.0074 9.56 0.45 
781 S 31 MYRT Pime race 14.90 0.0174 12.4 9.22 4.20 
782 S 31 MYRT Pime race 7.80 0.0048 8.78 9.20
783 S 31 
MALP Byrs cori 32.20 0.0814 9.75 9.00 
2721 S 31 MIMU Inga fagi 
5.10 0.0020 8.29 4.60
 
784 S 3J MYRT Pime race 11.20 0.0099 4.45 9.10 
785 S 3J MYRT Pime race 5.90 0.0027 6.99 4.78 8.40
786 S 33 MYRT P.ie race 5.00 0.0020 4.42 7.00 
787 S 3J MYRT Pime race 7.40 0.0043 5.12 9.60 
788 S 3J MYRT Pime race 6.60 0.0034 4.65 6.55
789 M 3J 
MYRT Pime race 10.70 0.0090 4.42 5.50
 
790 M 3J MYRI Pine race 11.60 0.0106 13.0 4.42 5.35 
791 M 3J MYRT Pime race 5.80 0.0026 5.39 4.15 
792 M 3J MYR Pime race 
6.00 0.0028 5.43 4.00 
793 M 3J MYRT Pimp race 5.20 0.0021 5.41 3.90
 
794 M 3J MYRT Pime race 8.80 0.0061 3.41 0.80

795 M 3 
MYRT ;ime race 14.30 0.0161 3.60 0.65
 
796 S 3J NYCr Guap frag 16.10 0.0204 6.15 2.40
 
797 S 3J IAUR Ocot cori 5.20 0.0021 7.98 2.30

798 S 3J MIND Inga fagi 5.20 0.0021 8.01 2.45
 
799 S 3J HM) Acac muri 9.90 0.0077 9.51 4.60

800 S 3J CAPP Capp ampl 7.30 0.0042 7.59 5.40 8.07
 
801 S 3J 
MIMJ Acac muri 13.50 0.0143 15.5 6.82 7.40

8C2 M 
 3J MYRT Pime race 4.80 0.0018 7.97 7.70 
803 M 3J MYR Pime race 8.30 0.0054 7.31 7.90
 
804 S 33 
MYRT Pime race 7.00 0.0038 6.85 8.60
 
805 S 3J 
MYRT Pime race 11.30 0.0100 8.80 8.45
 
806 S 3J MIMI Acac muri 13.90 0.0152 14.5 8.87 7.25
 
807 S 3J 
MIMD Acac muri 15.00 0.0177 9.42 9.30
 
808 S 
 3J MYRT Pime race 14.10 0.0156 11.8 9.58 8.40
 
809 S 4J 
MYRS Ardi obov 6.20 0.0030 6.49 0.14
 
810 S 4J MIM 
Acac muri 15.30 0.0184 5.92 0.27

811 S 4J 
MYRF Pime race 13.40 0.0141 4.45 9.91
 
812 S 4J 
MfDU Inga fagi 11.20 0.0099 8.02 5.05

813 S 4J MALP Byrs cori 21.80 0.0373 9.20 6.20
 
814 S 4J MYR 
Pime race 10.20 0.0082 9.00 8.40
 
815 S 4J 
MYRC Pin-- race 13.30 0.0139 9.80 9.60
 
816 S 4J MYR Pime race 
6.70 0.0035 9.11 7.64 5.15
 
817 S 4J 
MYRT Pine race 17.10 0.0230 14.2 6.38 6.65
 
818 S 4J MYRT Pime race 7.10 0.0040 7.10 9.15

819 S 4J MIM Inga fagi 28.30 0.0629 17.6 6.98 9.20
 
820 14 4J MYR 
Pine race 9.80 0.0075 5.49 9.55
 
821 M 4J MYRT Pime race 11.20 0.0099 5.30 9.45
 
822 S 4J 
SER Guaz ulmi 17.10 0.0230 14.2 5.00 9.70 
823 S 
 4J KIEW Acac muri 7.10 0.0040 4.10 9.70 
824 S 4J NYCr Guap frag 5.90 0.0027 3.86 9.60 
825 S 4J MIM1Acac nuri 8.20 0.0053 13.3 3.86 9.40 
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826 S 4J MIM Acac muri 21.50 0.0363 3.50 9.60 
827 S 4J MYRT Pine race 10.50 0.0087 11.8 2.79 8.40 
828 S 4J MIDU Acac uri 6.20 0.0030 4.82 4.45 
829 S 4J MOT Pine race 16.20 0.0206 11.2 4.54 4.00 
830 S 4J MIM Acac nuri 17.60 0.0243 2.81 5.25 
831 S 4J MIM Acac muri 6.00 0.0028 4.69 2.45 
832 S 4J MYRT Pime race 12.40 0.0121 4.17 1.00 
833 S 4J MYRT Pime race 10.80 0.0092 0.70 2.20 
834 S 41 MIMJ Acac muri 36.80 0.1064 9.56 0.91 SICK 1/87 
835 S 41 MYRT Pine race 9.30 0.0068 9.20 0.20 
836 S 41 MIM Acac muri 18.20 0.0260 9.40 3.45 
837 S 41 STER Guaz ulmi 26.30 0.0543 15.8 9.31 3.75 
838 S 41 BORA Bour succ 7.80 0.0048 8.51 7.91 3.60 
839 S 41 NYCT Guap frag 6.80 0.0036 9.40 7.35 
840 S 41 MYRI Euge bifl 6.80 0.0036 11.2 9.40 6.60 
841 M 41 RUBI Guet scab 6.20 0.0030 9.42 5.91 8.71 
842 M 41 RU.BI Guet scab 5.00 0.0020 5.65 8.70 
843 S 41 MYRT Pime race 5.80 0.0026 5.80 9.75 
844 S 41 IRJrA Zant mart 10.50 0.0087 13.3 5.30 9.50 
845 S 41 MIM Acac muri 18.20 0.0260 5.15 9.40 
846 S 41 BORA Cord sulc 8.90 0.0062 10.6 5.30 8.30 
847 M 41 MYRT Myrc flor 9.10 0.0065 7.59 6.47 5.80 
848 M 41 MYRT Myrc flor 5.40 0.0023 6.39 5.80 
849 S 41 BORA Cord sulc 6.60 0.0034 10.3 6.55 5.85 
850 S 41 LAUR Cord laev 7.40 0.0043 10.6 1.66 9.80 
851 S 41 MIM Inga fagi 6.90 0.0037 1.26 9.75 
852 S 41 =, Hyme cour 27.30 0.0585 20.9 0.70 7.20 
853 S 41 BORA Cord alli 7.30 .C042 11.8 7.62 4.35 
854 S 41 BORA Bour succ 8.00 0.0.50 9.72 0.60 4.65 
855 S 41 MYRS Ardi obov 7.10 0.0040 1.10 3.10 
856 S 4H MIM Inga fagi 20.60 0.0333 9.16 1.60 
857 S 4H MALP Byrs cori 11.50 0.0104 8.80 2.00 
858 S 4H MIM Inga fagi 5.50 0.0024 7.46 1.85 
859 S 4H MYRS Ardi cbov 10.40 0.0085 7.10 0.80 
860 S 4H BORA Cord sulc 15.50 0.0189 7.-8 5.50 
861 S 4H MIM Irga fagi 6.60 0.0034 7.93 6.40 
862 S 4H R1J"rA Zant mart 7.10 0.0040 11.5 9.40 7.90 
863 S 4H MID4 Inga fagi 6.60 0.0034 8.10 7.80 
864 
865 

S 
S 

4H 
4H 

MIM I*hxa fagi 28.20 0.0625 19.1 
NYCr Guap frag 11.00 0.0095 

5.50 
3.46 

8.95 SICK11/86 
9.40 

866 S 4H RUBI Fara occi 6.20 0.0030 4.86 2.50 8.75 
E167 S 4H MALP Byrs cori 20.00 0.0314 0.35 7.80 
1368 S 4H MYRT Pime race 5.80 0.0026 0.05 7.70 
369 S 4H MALP Byrs cori 23.00 0.0415 20.6 3.21 5.10 
870 M 4H IAUR Ocot cori 10.20 0.0082 14.8 0.15 5.45 
871 M 4H LAJR Ocot cori 9.80 0.0075 0.20 5.15 
872 S 4H isI Inga fagi 10.60 0.0088 3.85 6.30 
873 S 4H SER Giaz uimi 30.50 0.0731 20.0 3.60 1.05 
874 S 4G MTIM Inga fagi 8.50 0.0057 7.86 3.45 
875 S 4G MYRT Pime race 9.20 0.0066 8.50 6.80 
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876 S 4G MIMD Inga fagi 23.60 0.0437 8.20 7.10
877 S 4G 
SAPO Pout nult 10.70 0.0090 15.8 7.12 6.90
 
878 S 4G 
BIGN Tabe hete 15.70 0.0194 6.38 7.40

879 S 4G JFUBI Guet scab 8.10 0.0052 10.3 8.58 9.45

880 S 4G 
CAPP Capp amnpl 7.30 0.0042 10.6 2.79 7.05

881 S 4G 
MYRT Pime race 10.30 0.0083 0.45 4.20

882 S 4G PAIi Cocc alta 
9.20 0.0066 18.8 0.95 3.65

883 S 4G FLAC Case guia 
6.50 0.0033 11.5 4.03 5.30

884 S 4G 
MYRT Pine race 15.80 0.0196 4.50 2.45
885 S 4G 
lAUR Lica tria 12.30 0.0119 16.1 3.39 0.75
 
886 S 4F MYRS Ardi obov 5.10 0.0020 7.35 1.00

887 S 4F MID4 Inga fagi 13.60 0.0145 8.75 4.90
888 S 4F 
MIM Inga fagi 42.20 0.1399 18.5 8.85 5.85

889 S 4F 
BORA Cord sulc 10.10 0.0080 12.1 8.12 8.60
 
890 S 4F LAUR Ocot cori 5.90 0.0027 9.10 6.65

891 S 4F 
RJBI iara occi 7.00 0.0038 0.90 5.30

892 S 4F NYCT Guap frag 25.60 0.0515 19.4 0.75 8.25

893 S 4F MYRS Ardi obov 
6.30 0.0031 4.48 2.30

894 S 4F 
MIM Inga fagi 18.10 0.0257 3.61 1.40

895 S 4F MYRS Ardi obov 
8.00 0.0050 1.26 2.25

896 S 4E MYRS Ardi obov 
4.60 0.0017 8.46 0.97
 
897 S 4E MYRS Ardi obov 7.80 0.0048 6.35 1.00
898 M 4E 
MYFS Ardi obov 6.60 0.0034 6.07 5.75 2.70

899 M 4E 
MYRS Ardi obov 5.90 0.0027 5.50 2.65

900 S 4E MIMI Inga fagi 20.30 0.0324 4.65 2.50

901 S 4E MYFS Ardi obov 
9.80 0.0075 6.03 4.50

902 S 4E 
RJBI Fara occi 5.10 0.0020 5.10 8.15

903 S 4E 
BIGN Tabe hete 13.70 0.0147 7.47 5.50

904 S 4E 
STER Guaz ulmi 28.50 0.0638 15.5 7.20 5.60
 
905 S 4E MYRS Ardi obov 
8.90 0.0062 6.85 5.90

906 S 4E 1MBI Fara occi 
5.10 0.0020 8.90 8.05

907 S 4E 
RBI Fara occi 6.00 0.0028 4.85 8.25

908 S 4E MYRS Ardi obov 
6.10 0.0029 4.96 7.75

909 M 4E 
NYCr Guap frag 18.50 0.C269 2.41 6.05

910 M 4E 
NYCr Guap frag 17.00 0.0727 2.41 6.25

911 S 4E PAIM Cocc alta 
9.60 0.0072 13.3 2.25 7.00

912 S 4E LAUR Ocot cori 
8.50 0.0057 9.72 2.25 7.50

913 S 4E 
MYRT Myrc citr 14.50 0.01C5 11.5 0.65

914 S 4E CAPP Capt ampl 21.10 0.0350 14.8 

8.00
 
1.39 6.15


915 S 4E MYRS Ardi 'bov 9.50 0.0071 2.89 4.40
 
916 S 4E MYRS Ardi obov 8.40 0.0055 3.03 0.23
 
917 S 4E 
LAUR Ocot cori 16.30 0.0209 0.31 0.50

918 S 4E 
EUJH Dryp alba 5.50 0.0024 7.29 1.25 4.25

919 S 4E 
MALP Byrs cori 16.00 0.0201 13.6 0.08 2.00
2722 S 4E MYRS Ardi obov 
7.10 0.0040 9.80 
2.30 WIHROWM86

920 S 4D ALR Ocot oori 
6.60 0.0034 0.05 0.30

921 S 4D LAUR Ocot cori 
8.30 w.0054 6.79 0.18

922 S 4D 
MYRS Ardi obov 5.80 0.0026 7.07 2.05

923 M 4D 
LAUR Lica sali 10.00 0.0079 11.8 7.68 3.60

924 M 4D 
LAUR Lica sali 8.70 0.0059 6.97 3.75
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925 M 4D NYCr Guap frag 23.00 0.0415 9.71 3.75 
926 M 4D NYCT Guap frag 6.50 0.0033 9.31 5.80 
927 S 4D LAUR Ocot cori 14.60 0.0167 13.3 8.48 4.35 
928 S 4D MYRS Ardi ctcv 6.50 1.0033 9.25 8.10 
929 S 4D NYCr Guap frag 20.60 0.0333 6.07 8.00 
930 S 4D MYRS Ardi obov 6.20 0.0030 2.53 9.45 
931 S 4D MYIR Myrc citr 5.30 0.0022 7.59 1.31 8.40 
932 S 4D MYIRS Ardi obov 5.90 0.0027 1.16 8.15 
933 S 4D lAUR Ocot cori 11.80 0.0109 0.86 8.25 
934 S 4D NYCT Guap frag 16.10 0.0204 0.15 6.55 
935 S 4D NYCr Guap frag 7.10 0.0040 0.83 7.20 
936 S 4D OLEA Lino cari 10.60 0.0088 9.42 2.81 6.90 
937 S 4D BIGN Tabe hete 12.20 0.0117 2.81 7.00 
938 S 4D NYCT Guap frag 6.60 0.0034 1.55 6.80 
939 S 4D MYRS Ardi obov 5.90 0.0027 5.16 1.41 5.85 
940 S 4D NYC-T Guap frag 13.20 0.0137 2.01 5.00 
941 S 4D MYIR Ardi obov 7.20 0.0041 2.44 4.35 
942 M 4D LAUR Ocot cori 7.90 0.0049 4.04 5.95 
943 M 4D IAUR Ocot cori 8.50 0.0057 5.01 6.10 
944 S 4D NYCT Guap frag 9.50 0.0071 1.52 2.90 
945 M 4D NYCT Guap frag 7.70 0.0047 9.72 1.68 0.46 
946 M 4D NYCT Guap frag 6.70 0.0035 1.57 0.52 
947 S 4D NYCT Guap frag 7.50 0.0044 0.45 2.65 

2724 S 4D NYCT Guap frag 6.40 0.0032 8.05 0.45 
948 S 4C MIM Acac muri 15.90 0.0199 8.31 1.00 
949 S 4C MYRS Ardi obov 6.40 0.0032 8.31 2.14 
950 S 4C NYCT7 Guap frag 11.70 0.0108 9.42 3.10 9.64 
951 S 4C NYCT Guap frag 5.70 0.0026 9.12 4.15 
952 S 4C NYCT Guap frag 8.70 0.0059 9.37 4.68 
953 S 4C MYRS Ardi obo 6.00 0.0028 9.50 5.83 
954 S 4C MYRT Pime race 6.30 0.0031 7.82 3.11 
955 S 4C MIM Acac muri 14.30 0.0161 17.3 6.57 4.20 
956 S 4C LAUR Ocot cori 10.20 0.0082 7.06 6.05 
957 S 4C ARAL Didy moro 24.30 0.0464 13.9 9.75 6.85 
958 S 4C NYCT Guap frag 15.60 0.0191 9.80 9.24 
959 S 4C EUPH Dryp alba 6.00 0.0028 4.86 9.90 9.90 
960 S 4C MIMO Acac muri 17.70 0.0246 6.60 9.20 
961 S 4C NYCT Guap frag 12.80 0.0129 4.24 6.60 
962 S 4C MIM Acac muri 19.80 .0308 11.2 5.34 4.78 
963 S 4C MYRS Ardi obov 5.40 0.0023 4.92 4.98 
964 S 4C MYRS Ardi obov 5.40 0.0023 4.21 5.73 
965 M 4C MYRS Ardi ob'r 6.10 0.0029 7.29 3.67 5.30 
966 S 4C MYRS Ardi obov 5.40 0.0023 4.47 4.50 
967 S 4C MIMJ Acac muri 25.20 0.0499 17.3 2.75 5.10 
968 S 4C NYC Guap frag 6.00 0.0028 4.66 0.30 
969 S 4C BIGN Tabe hete 27.80 0.0607 20.0 2.85 2.65 
970 S 4C NYCT Guap frag 8.50 0.0057 2.75 2.00 SICK 3/86 
971 S 4C MYRS Ardi cbov 7.30 0.0042 1.50 2.00 
972 S 4C MIMr Acac muri 19.80 0.0308 20.6 1.27 1.87 
973 S 4C MYRS Ardi obov 7.40 0.0043 1.10 4.24 
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974 S 4C NYCr Guap frag 7.30 0.0042 0.50 3.95 
983 S 4C OMA Lino cari 
5.20 0.0021 2.88 3.80

2725 M 4C 
MYIS Ardi obov 6.30 0.0031 3.51 5.43
 
2726 S 4C IUB Fara occi 5.10 0.0020 6.94 4.30
 
975 S 4B 
MIMO Acac nuri 16.50 0.0214 7.20 3.60
 
976 S 4B MYRT Pime race 9.00 0.0064 10.6 7.30 3.65
 
977 S 4B MYRS Ardi cbov 7.10 0.0040 9.60 5.20
 
978 S 4B MJBI Fara occi 5.50 0.0024 7.85 5.65
 
979 S 4B CAPP Mci anter 5.40 0.0023 5.77 4.20 7.90 
980 S 
 4B MIMD Acac nuri 19.60 0.0302 3.28 9.70 
981 S 4B RUBI Fara occi 5.70 0.0026 4.86 3.10 6.95 
982 S 4B 
BIGN Tabe hete 13.90 0.0152 3.35 6.45

984 S 4B BIGN Tabe hete 21.70 0.0370 3.45 3,30
985 S 4B MYRT Pime race 5.70 0.0026 3.55 0.16
986 S 4B NYCr Guap frag 11.40 0.0102 0.05 1.51 

2727 S 
 4B RMBI Fara ooci 5.10 0.0020 2.90 3.00
 
987 S 4A NYCr Guap frag 
6.20 0.0030 7.90 2.25
 
988 S 4A 
MIM Acac mnri 17.80 0.0249 17.0 5.76 1.90 
989 S 4A NYCT Guap frag 6.00 0.0028 4.50 1.10 
990 S 4A RJBI Fara occi 5.30 0.0022 6.68 7.10 3.10
991 S 4A OIEA Li-no cari 7.80 0.0048 7.59 8.20 2.80 
992 S 4A MIMO Acac munri 23.00 0.0415 8.30 3.65
 
993 S 4A NYCr Guap frag 5.40 0.0023 7.50 5.45 
994 S 4A MYRT Pime race 6.70 0.0035 8.10 6.10 
995 S 4A MIM0 Acac muri 22.00 0.0380 17.6 8.50 7.00 
996 S 4A 
MIM Acac muri 18.30 0.0263 6.25 5.75 
997 S 4A MIM Acac muri 8.10 0.0052 6.10 5.65 
998 S 4A MYRT Myrc citr 
6.80 0.0036 8.81 4.80 7.10
 
999 S 4A 
MIM Acac nmuri 14.80 0.0172 4.40 9.10
 

1000 M 4A CAPP Mori amer 10.60 0.0088 8.51 3.60 9.95
 
1401 S 4A 
MIM0 Acac muri 11.20 0.0099 0.70 9.80
 
1402 S 4A MIM Acac mri 14.80 0.0172 1.85 8.45
 
1403 S 4A MIM Acac muri 
10.30 0.0083 0.60 7.10
 
1404 S 4A MYRT Myrc citr 5.30 0.0022 7.59 0.72 6.80 
1405 S 4A NYCT Guap frag 5.20 0.0021 0.06 6.12

1406 S 4A MIM Acac muri 12.40 0.0121 0.15 5.60 
1407 S 
 4A MIM Acac muri 12.30 0.0119 1.25 4.90
1408 S 4A NYCT Guap frag 8.60 0.0058 12.1 1.30 4.25 
1409 S 4A 
MIM Acac mnri 12.00 0.0113 1.10 4.15
1410 S 4A MNDU Acac muri 10.70 0.0090 0.30 3.45 
1411 S 
 4A MIMO Acac muri 13.90 0.0152 2.27 3.90

1412 S 4A NYCT Guap frag 13.00 0.0133 2.75 7.25 
1413 S 4A OEA Lino cari 
7.60 0.0045 10.9 3.75 4.10

1414 S 4A NYCT Guap frag 7.40 0.0043 5.65 4.80
1415 S 4A CAPP Mori amer 8.80 0.0061 9.42 0.41 1.40 
1416 S 4A MIM Acac muri 13.80 0.0150 1.27 0.65
2728 S 4A NYCT Guap frag 5.00 0.0020 1.72 3.15 
2729 S 
 4A IAUR Lica sali 5.10 0.0020 5.05 1.70
 
1419 M 5A amerCAPP Mori 8.80 0.0061 8.51 3.57 0.25 
1420 S 5A CAPP Capp cyno 5.80 0.0026 5.77 0.80 1.15 
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1421 S SA MIMD Acac uiuri 12.50 0.0123 0.50 2.80 
1422 S 5A MIM Acac nuri 10.20 0.0082 1.00 4.25 
1423 S 5A MIM Acac mri 13.00 0.0133 2.05 2.65 
1424 S 5A NIMD Acac muri 13.40 0.0141 18.8 1.80 4.60 
1425 S 5A MYR Pime race 5.50 0.0024 8.81 0.40 5.60 
1426 S 5A MIM Acac nuri 16.10 0.0204 0.70 5.80 
1427 S 5A MIM Acac muni 9.40 0.0069 1.80 5.70 
1428 S 5A MIM Acac muri 19.80 0.0308 1.90 8.40 
1429 S 5A MIM Acac nuri 13.20 0.0137 3.85 7.45 
1430 S 5A NYCr Guap frag 8.00 0.0050 4.35 8.80 
1431 S 5A MYRT Myrc citr 6.30 0.0031 6.99 3.90 9.00 
1432 S 5A MYRT Pime race 9.00 0.0064 4.60 9.00 
1433 S 5A NYCT Guap frag 5.30 0.0022 6.38 5.85 8.50 
1434 S 5A MIMD Acac nuri 11.00 0.0095 6.00 7.50 
1435 S 5A MYRS Ardi obcv 7.40 0.0043 8.81 7.70 8.15 
1436 S 52 BIGN Tabe hete 33.00 0.0855 18.2 8.90 8.05 w/Clusia 
1437 S 5A MYPS Ardi obov 5.30 0.0022 8.90 6.60 
±438 S 5A MYR Pine race 6.90 0.0037 8.50 5.15 
1433 S 5A ,YRT Pime race 5.50 0.0024 6.70 5.90 
1440 S 5A MMD Acac muri 10.70 0.0090 4.25 3.95 
1441 S 5A MIMD Acac inuri 15.70 0.0194 17.0 4.15 1.75 
1,.42 S 5A MIM Acac muri 11.60 0.0106 5.10 1.20 
1443 G 5A CAPP Mori amer 10.00 0.0079 8.20 4.85 2.75 
1444 S 5A MYRT Pime race 5.10 0.0020 6.10 1.80 
1445 S 5A MIMV Acac muri 21.40 0.0360 8.50 0.30 
1446 M 5A MIMO Acac muri 15.30 0.0184 7.50 2.00 SICK 3/86 
1447 S 5A MIM0 Acac muri 18.70 0.0275 8.05 3.10 
1448 S 5A MIM Acac mur. 11.90 0.0111 8.85 3.95 
143.7 S 5A RJBI Guet scab 5.80 0.0026 7.29 0.39 0.10 
1418 S 5A MIM Acac muri 15.60 0.0191 3.40 0.80 
2730 S 5A NYCT Guap frag 5.30 0.0022 7.20 6.70 
2731 M 5A MIM Acac muri 10.10 0.0080 8.00 1.90 
1449 S 5B MIM Acac muri 11.70 0.0108 0.95 1.25 
1450 S 5B MIM Acac muri 13.20 0.0137 1.25 1.00 
1451 S 5B MIM Acac muri 18.10 0.0257 1.70 0.80 
1452 S 5B lAUR Ocot cori 12.40 0.0121 12.1 2.40 1.00 
1453 S 5B MYRI Pime race 9.40 0.0069 13.0 3.40 0.40 
1454 S 5B MIM Acac muri 19.60 0.0302 2.80 3.00 
1455 S 5B MYRT Myrc citr 7.70 0.0047 10.0 1.85 4.70 
1456 S 5B NYCT Guap frag 15.80 0,0196 2.10 4.85 
1457 S 5B MYRP Pime race 9.90 0.0077 9.42 2.75 6.75 
1458 S 5B MIM Acac muri 20.00 0.0314 1.95 8.30 
1459 S 5B NYCT Guap frag 11.40 0.0102 5.28 9.75 
1460 S 5B MIMD Acac muri 23.50 0.0134 5.85 7.90 
1461 S 5B OLEA Lino cari 8.20 0.0053 11.2 9.60 7.61 
1462 S 5B NYCT Guap frag 7.60 0.0045 9.50 9.30 
1463 S 5B MIM Inga fagi 7.30 0.0042 10.3 8.80 5.80 
1464 S 5B NYCT Guap frag 7.50 0,0044 9.30 3.95 
1465 S 5C MYRT Mytc citr 10.30 0.0083 8.51 1.39 2.30 
1466 M 5C MALP Ryrs cori 49.9f' 0.1956 18.2 3.22 2.20 
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1468 
1469 

S 
S 

5C 
SC 

NYCr Guap frag 5.50 0.0024 
NYCT Guap frag 12.30 0.0119 

3.90 
4.35 

1.00 
1.25 

1470 S 5C MIM Inga fagi 16.30 0.0209 10.6 4.20 1.85 
1471 S 5C NYCr Guap frag 5.90 0.0027 5.90 2.90 
1472 S 5C FABA Sabi flor 7.90 0.0049 12.1 3.60 5.00 
1473 S 5C NYCT Guap frag 9.90 0.0077 1.30 3.45 
1474 
1475 

S 
S 

5C 
5C 

NYCT Guap frag 
FBI Fara occi 

7.10 0.0040 
5.10 0.0020 

2.90 
2.00 

6.15 
8.20 

1476 S 5C OLEA Lino cari 7.90 0.0049 10.0 2.10 8.10 
1477 
1478 

S 
S 

5C 
5C 

IAUR Ocot cori 
RUBI Fara occi 

7.70 0.0047 
6.80 0.0036 5.47 

5.82 
2.45 

8.60 
7.35 

1479 M 5C CAPP Mori amer 6.80 0.0036 7.90 4.15 7.50 
1480 M 5C CAPP Mori amer 8.80 0.0061 3.75 7.55 
1481 S 5C SAPO Chry pauc 14.90 0.0174 13.6 9.70 9.70 
1482 
1483 
1484 

S 
S 
S 

5C 
5C 
5C 

MYIRS Ardi obov 9.40 0.0069 
LAUR Ocot cori 8.60 0.0058 
NYCT Guap frag 10.70 0.0090 

8.65 
6.45 
7.35 

8.00 
5.60 SICK 3/86 
4.85 

1485 S 5C CELA Mayt elli 12.00 0.0113 12.4 8.20 4.70 
1486 
1487 

S 
S 

5C 
5C 

CAPP Capp cyno 
PALM Cocc alta 

6.40 0.0032 8.20 
8.00 0.0050 3.64 

9.65 
9.60 

5.85 
6.00 

1488 M 
1489 M 

5C 
5C 

BIGN Tabe hete 13.00 0.0133 13.6 
BIGN Tabe here 15.10 0.0179 

9.90 
9.80 

5.60 
5.60 

1490 S 5C OLEA Lino cari 7.80 0.0048 10.6 9.95 2.20 
1491 S 5C RUBI Fara occi 5.20 0.0021 7.50 1.15 
2732 S 5C IBI Fara ooci 5.10 0.0020 4.20 1.25 
2733 S 5C MYRS Ardi obov 5.10 0.0020 4.10 4.80 
1492 S 5D 1-JBI Fara occi 5.40 0.0023 0.30 0.15 
1493 S 5D FLAC Case sylv 6.80 0.0036 8.51 1.92 1.55 
1494 
1495 

S 
S 

5D 
5D 

NYCT Guap ftag 21.80 0.0373 
CAPP Capp cync 10.90 0.0093 8.51 

2.67 
4.10 

0.90 
0.19 

1496 S 5D MYRS Ardi cbov 7.40 0.0043 4.38 1.60 
1497 S 5D NM Inga fagi 10.50 0.0087 5.21 3.30 
1498 
1499 

S 
S 

5D 
5D 

.MYRTMyrc citr 
OLEA Lino cari 

9.50 0.0071 12,7 
6.10 0.0029 8.20 

4.95 
4.75 

3.60 
3.65 

1500 M 5D MALP Byrs cori 19.00 0.0284 3.92 3.40 
1501 M 5D MALP Byrs cori 21.40 0.0360 4.06 3.50 
1502 
1503 

S 
S 

5D 
5D 

NYCr Guap frag 16.90 0.0224 
CAPP Capp cyno 12.00 0.0113 10.0 

3.19 
1.08 

4.10 
4.85 

1504 S 5D NYCT Guap frag 7.70 0.0047 2.21 7.20 
1505 S 5D MIM Inga fagi 13.90 0.0152 3.71 6.40 
1505 
1507 

S 
S 

5D 
5D 

NIM Inga fagi 17.30 0.0235 
MYR Pime race 8.40 0.0055 

5.01 
4.87 

5.85 
7.40 

1508 S 5D NYCr Guap frag 6.30 0.0031 3.99 9.50 
1509 M 
1510 M 

5D 
5D 

LAUR Ocot cori 
IAUR Ocot cori 

6.30 0.0031 10.3 
6.30 0.0031 

4.15 
4.21 

7.90 
7.95 

1511 F 
1512 M 

5D 
5D 

OLEA Lino cari 
IAUR Ocot cori 

5.70 0.0026 6.68 
5.10 0.0020 

6.23 
8.61 

6.75 
9.10 

1513 M 5D [AUR Ocot cori 9.00 0.0064 8.42 9.20 
1514 M 5D IAUR Ocot cori 8.20 0.0053 8.85 9.40 
1515 S 5D NYCr Guap frag 5.30 0.0022 8.51 6.35 
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1516 S 5D MAIP Byrs cori 18.00 0.0254 13.9 9.69 4.10 
1517 S 5D NYC Guap frag 6.60 0.0034 8.10 3.20 
1518 S 5D SAPO Chiry pauc 11.20 0.0099 14.2 7.79 2.50 
1519 S 5D NYCT Guap frag 25.70 0.0519 7.50 3.20 
1520 S 5D IUBI Guet scab 5.90 0.0027 8.81 7.50 2.30 
1521 S 5D IAUR Ocot cori 11.50 0.0104 8.70 1.40 
1661 M 5D MYIS Ardi ctbv 6.50 0.0033 6.34 4.70 
1662 M 5D MYRS Ardi obov 5.30 0.0022 5.70 4.65 
1522 S 5E MYRT Pine race 8.10 0.0052 0.25 1.50 
1523 S 5E MYR Pime race 5.50 0.0024 2.08 0.75 
1524 S 5E OLEA Lino cari 6.80 0.0036 1.49 2.50 
1525 S 5E MUI Inga fagi 14.10 0.0156 1.01 4.40 
1526 S 5E NYCT Guap frag 9.10 0.0065 0.99 4.95 
1527 S 5E IUJBI Fara occi 5.50 0.0024 2.20 4.45 
1528 S 5E NYCT Guap frag 16.60 0.0216 15.1 2.95 3.55 
1529 M 5E MYRS Ardi obov 8.90 0.0062 2.64 5.25 
1530 M 5E MYRS Ardi obov 6.30 0.0031 2.09 5.80 
1531 S 5E MYRS Ardi obov 10.50 0.0087 1.71 5.85 
1532 S 5E OLEA Lino cari 7.40 0.0043 9.11 1.27 6.55 
1533 S 5E NYC Guap frag 5.70 0.0026 0.79 7.80 
1534 S 5E MALP Byrs cori 28.80 0.0651 16.1 5.37 8.45 
1535 M 5E NYCT Guap frag 12.50 0.0123 6.45 9.00 
1536 M 5E NYC Guap frag 5.20 0.0021 6.65 9.00 
1537 M 5E BORA Bour succ 6.50 0.0033 3.95 6.52 8.80 
1538 M 5E BORA Bour succ 5.30 0.0022 6.62 8.70 
1539 M 5E IAUR Ocot sint 9.00 0.0064 10.3 7.52 8.80 
2734 M 5E IAUR Ocot sint 5.50 0.0024 8.04 9.00 
1540 S 5E MYRT Myrc citr 7.00 0.0038 9.11 7.82 8.80 
1541 S 5E IAUR Ocot sint 13.00 0.0133 10.9 9.80 9.30 
1542 S 5E MYRS Ardi obov 6.40 0.0032 7.05 6.25 
1543 S 5E OLEA Lino cari 6.20 0.0030 3.57 5.20 
1544 S 5E BIGN Tabe hete 11.50 0.0104 11.5 5.10 4.20 
1545 M 5E BORA Bour succ 26.50 0.0552 13.9 5.64 4.22 SICK 1/87 
1546 M 5E BORA Bour succ 5.30 0M0022 5.49 4.05 
1547 S 5E OLEA Lino cari 5.20 0.0021 5.71 3.40 
1548 S 5E OLEA Lino cari 6.00 0.0028 7.10 4.22 
1549 S 5E NYCT Guap frag 6.60 0.0034 7.30 4.22 
1550 S 5E MYRS Ardi obov 5.90 0.0027 8.20 8.02 3.70 
1551 S 5E IUBI Guet scab 6.90 0.0037 7.75 4.30 DEAD 7/86 
1552 S 5E MYR3 Ardi obov 12.60 0.0125 10.3 6.60 0.96 
1553 S 5E lAUR Ocot cori 6.10 0M0029 9.11 6.44 0.80 
1554 S 5E CAPP Capp cyno 7.30 0.0042 7.59 6.20 0.50 
1555 S 5E BIGN Tabe hete 29.10 0.0665 5.94 0.50 
1556 S 5E YJMD Inga fagi 17.70 0.0246 5.80 1.35 
1663 S 5E MYRS Ardi obov 5.50 0.0024 9.52 6.80 
1557 S 5F BIGN Tabe hete 13.90 0.0152 13.3 0.60 1.55 
1558 S 5F MYRS Ardi obov 6.50 0.0033 0.15 2.10 
1559 S 5F CAPP Capp cyno 6.30 0.0031 7.59 0.97 4.05 
1560 S 3F MALP Byrs cori 19.20 0.0290 2.31 3.95 
1561 S 5F NYC Guap frag 25.80 0.0523 3.59 5.75 
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1562 S 5F 
NYCT Gup frag 10.90 0.0093 1.10 7.75

1563 S 5F IAUR Ocot sint 
6.90 0.0037 6.07 0.90 7.85

1564 S 5F 
 YCT Cuap frag 19.90 0.0311 1.64 8.55

1565 S 5F MYS Ardi obov 
7.60 0.0045 6.78 6.40

1566 S 5F 
 fPS Ardi abov 12.00 0,0113 7.80 7.50

1567 S 5F MID Inga fagi 
8.90 0.0062 9.10 9.00

1568 S 5F 
MYRT Pine race 13.00 0.0133 7.21 5.55
1569 S 
 5F NYCT Guap frag 19.60 0.0302 6.28 5.25
 
1570 S 5F 
IAJJR Ocot cxri 10.30 0.0083 11.5 2.83 0.09

1571 S 5F 
BIGN Tabe hete 13.10 0.0135 13.6 4.92 C.32

1572 S 5F 
LAUR Lica tria 23.20 0.0423 17.0 9.58 2.15
1664 S 5F IAUR Ocot sint 
5.20 0.0021 7.29 9.00 0.28
 
1573 H, 5G LAUR Coot sint 
9.30 0.0068 11.8 0.30 0.70

1574 M 
 5G iAUR Ocot sint 5.30 0.0022 0.26 0.85

1575 M 5G DI]R Ocot sint 
5.30 0.0022 0.54 0.75

1576 S 5G MYS Ardi obov 
7.20 0.0041 0.26 2.05

1577 S 5G MYRT Euge bill 
8.00 0.0050 11.5 4.24 0.55

1578 S 
 5G MINIO Inqa fagi 26.50 0.0552 1.98 5.70

1579 S 5G f41UH Inga fagi 15.20 0.0181 0.20 6.50

1580 S 
 5G NYCT Guap frag 8.60 0.0058 0.55 8.65

1581 S 5G 
SAPO Pout mult 14.50 0.0165 16.7 3.39 8.10

1582 S 
 5G MYIS Ardi obov 7.30 0.0042 9.69 8.90

1503 S 5G 
MAIP Byrs cori 23.50 0.0434 21.8 9.39 7.70

1534 S 5G 
MND Inga fagi 24.20 0.0460 20.9 9.63 7.95

1585 S 5G RUBI Fara occi 
7.60 0.0045 8.54 6.10

1.586 S 5G 
NYCT Guap frag 14.90 0.0174 6.12 3.10
 
1587 S 5G SAPO Pout mult 
7.80 0.0048 11.5 6.54 1.40

1588 S 5G 
K OS Adi obm,- 9.80 0.0075 9.72 8.82 0.16
1665 S 5G SAPO Pout mult 
5.60 0.0025 9.42 3.91 9.10

1666 S 5G 
RUBI Fara occi 5.20 0.0021 9.87 1.90

1589 S 5H MIMD Inga fagi 
7.40 0.0043 1.62 1.60
1590 S 5H 
 HYT Tric octa 7.80 0.0048 3.20 0.95 VINE

1591 S 5H 
MIMD Inga fagi 20.80 0.0340 2.54 1.20

1592 S 
 5 MIUT) Inga fagi 21.70 0.0370 3.80 0.21

1593 S 5H 
NYCT Guap fral 11.00 0.0095 4.07 0.35
 
1594 S 5H RUBI Flara occi 5.60 0.0025 4.46 1.50

1595 S 5H1 
 MIND Inga fagi 31.20 0.0765 4.80 3.50
1596 S 5H 
OLEA LIre cari 11.20 0.0099 5.41 8.40
 
1597 S 5H 
MIW) Inga fagi 19.50 0.0299 6.48 8.20
1598 S 
 5H PHYT Tric octa 5.80 0.0026 5.42 3.85 VINE

1599 M 5H NYCI' Guap frag 8.50 0.0057 6.73 2.33

1600 M 
 5H NYCT Guap frag 5.60 0.0025 6.70 2.45

1601 S 5H 
MIND Inga fagi 24.20 0.0460 8.45 1.05
 
1667 S 5H RUBI fura occi 
5.10 0.0020 3.37 2.65
1668 S RJBI Fara
5H occi 5.50 0.0024 7.89 2.85
 
1602 S 5I FIAC Case sylv 
6.30 0.0031 7.90 1.75 0.19
1603 S 5I FIAC Case sylv 
5.20 0.0021 2.01 0.04 DEAD 7/86

1604 S 5I NYCT Guap frag 
5.30 0.0022 2.99 2.15
 
1605 9 5I 
MIND Inga fagi 18.00 0.0254 0.99 2.60

1606 M 5I 
BORA Cord sulc 16.80 0.0222 14.8 1.56 5.40 DEAD 7/86
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1607 M 51 BORA Cord sulc 9.30 0.0068 1.56 5.55
 
1608 S 51 ARAL Didy moro 14.10 0.0156 12.7 3.50 8.70 
1609 S 51 BORA Cord sulc 19.40 0.0296 6.79 7.70 
1610 S 51 BORA four succ 7.60 0.0045 11.5 6.79 7.95 
1611 S 5I MYRS Ardi cbov 6.40 0.0032 8.52 9.30 
1612 S 51 MYRT Myrc citr 7.50 0.0044 8.81 8.59 4.80 
1613 S 51 MIMO Acac mwri 5.70 0.0026 9.68 3.70 
1669 S 5I MIMD Irga fagi 5.20 0.0021 2.38 9.60 
1670 S 5I IAUR Ocot sint 5.80 0.0026 9.11 3.10 9.20 
1671 S 5I MYRS Ardi obo, 8.60 0.0058 4.61 6.00 
1614 S 5J MIMD Acac muri 8.60 0.0058 4.10 0.17 
1615 S 5J MIMD Acac muri 8.60 0.0058 11.8 4.09 3.20 
1616 S 5J FIAC Case guia 5.80 0.0026 6.99 2.14 2.80 
1617 S 5J RUA Zant mart 11.20 0.0099 12.7 0.08 3.10 
1618 S 5J MIM0 Acac uari 18.70 0.0275 0.45 5.00 
1619 S 5J MIM Acac muri 18.20 0.0260 2.52 4.80 
1620 S 5J MIMD Acac muri 27.90 0.0611 17.6 1.64 7.95 
1621 S 5J MfZW Myrc flor 6.00 0.0028 7.29 4.97 8.90 
1622 S 5J MYFR Pime race 8.80 0.0061 6.94 5.30 
1623 S 5J MYRT Pime race 9.00 0.0064 8.26 4.60 
1624 S 5J MYRa Pime race 16.70 0.0219 8.84 4.30 
1625 S 53 MYRT Pime race 7.50 0.0044 7.30 3.25 
1626 S 53 STER Guaz ulmi 27.30 0.0585 16.7 6.82 3.40 
1627 S 53 MYRT Pime race 8.90 0.0062 12.1 5.20 1.20 
1628 S 53 MYRT Pime race 9.00 0.0064 8.20 9.75 
1630 S 5J MYRT Pime race 12.30 0.0119 7.32 9.60 
1672 S 53 BORA Bour succ 5.00 0.0020 8.20 6.70 9.90 
1640 S 6J MYRF Pime race 6.80 0.0036 7.58 0.52 
1641 S 6J MYT Pime race 12.00 0.0113 8.24 2.70 
1642 S 6J MYRT Pime race 6.20 0.0030 6.58 0.18 
1643 S 63 MYRT Pime race 13.00 0.0133 5.92 0.45 
1644 S 6J MYRT Pime race 14.90 0.0174 16.1 7.02 2.00 
1645 S 6J ARAL Didy moro 22.30 0.0391 17.9 6.37 2.30 
1646 S 6J MYRT Myrc citr 5.60 0.0025 6.68 6.90 3.30 
1647 S 6J RJBI Guet scab 7.40 0.0043 10.6 9.01 6.40 
1648 M 6J MYRT Pime race 5.80 0.0026 8.10 7.90 
1649 M 63 MYRT Pime race 7.90 0.0049 8.20 8.00 
1650 M 6J MYRT Pime race 15.50 0.0189 6.17 6.90 
1651 M 6J MYRT Pime race 14.80 0.0172 6.17 7.00 
1652 S 6J MYRT Pime race 12.80 0.0129 4.62 6.20 
1653 S 67 CAES Hyme cour 28.80 0.0651 24.9 0.20 6.00 
1654 S 6J MYRT Myrc citr 7.30 0.0042 5.77 1.27 3.35 
1655 S 6J BIGN Tabe hete 7.80 0.0048 6.99 1.32 0.39 
1632 S 61 LAUR Ocot cori 6.30 0.0031 3.01 0.55 DEAD 7/86 
1656 S 61 NYCT Guap frag 10.90 0.0093 8.01 3.75 
1657 S 61 MYRT Pime race 13.40 0.0141 13.6 7.51 6.15 
1658 S 61 MYRT Pime race 7.20 0.0041 6.48 6.00 
1659 S 61 MYRT Pipe race 7.20 0.0041 5.85 6.30 
1660 S 61 MYIRT Pime race 14.50 0.0165 5.33 5.80 
1673 S 61 MYRT Pime race 9.40 0.0069 5.12 Q.65 
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1674 
1675 

S 
S 

61 
61 

MIM Ina fagi 6.80 0.0036 
MIM Inqa fagi 33.70 0.0892 20.3 

5.72 
4.90 

2.15 
2.20 

1676 
1677 
1678 

S 
S 
S 

61 
61 
61 

NYCT Guap frag 20.40 0.0327 
IAUR Ocot cori 6.30 0.0031 
LAUR Oot cori 6.60 0.0034 7.29 

3.24 
3.62 
2.10 

2.45 
4.15 
5.00 

1679 S 61 MYr Pime race 8.90 0.0062 0.70 2.75 
1680 
1681 
1682 
1683 

S 
S 
S 
S 

6H 
6H 
6H 
6H 

MYRS Ardi ciobv 6.80 0.0036 7.29 
IAUR Ocot cori 7.30 0.0042 
NYCT Guap frag 6.00 0.0028 7.29 
MIEW Inga fagi 13.40 0.0141 

8.99 
8.10 
7.60 
8.06 

4.55 
2.60 
2.55 
4.70 

1684 S 6H FIAC Case guia 8.60 0.0058 7.90 7.21 3.65 
1685 
1686 
1687 

S 
S 
S 

6H 
6H 
6H 

MYRS Ardi obov 5.50 0.0024 
MYRS Ardi cbov 11.30 0.0100 
LAUR Ocot cori 5.40 0.0023 

5.25 
5.62 
4.82 

6.15 
9.15 
9.25 

1688 S 6H SAPO Chry pauc 6.60 0.0034 8.51 4.62 3.35 
1689 S 
1690 M 
1691 M 

6H OLEA Lino cari 
611 MYRS Ardi obov 
6H MYRS Ardi obov 

7.60 0.0045 10.3 
7.30 0.0042 
6.30 0.0031 

4.12 
2.70 
3.10 

2.55 
0.90 
0.36 

1692 
1693 

S 
S 

6H 
6H 

STER Guaz ulmi 24.20 0.0460 17.0 
MALP Byrs cori 26.20 0.0539 24.3 

1.23 
1.72 

0.36 
0.60 

1694 
1695 
1696 
2735 

S 
S 
S 
S 

6H 
6i 
6H 
6H 

MYRS Ardi obov 8.90 0.0062 
MALP Byrs cori 22.90 0.0412 
MALP Byrs oori 9.30 0.0068 
MJBI Fara occi 5.20 0.0021 

2.19 
2.98 
0.45 
5.85 

4.40 
7.40 
5.70 SICK11/86 
9.45 

1697 
1698 
1699 
1700 
1701 

S 
S 
S 
S 
S 

6G 
6G 
6G 
6G 
6G 

RUBI Fara occi 5.00 0.0020 
lAUR Lica tria 11.90 0.0111 14.5 
NYCT Guap frag 5.30 0.0022 
MYRS Ardi obov 6.20 0.0030 
MYIRS Ardi obov 5.00 0.0020 

9.01 
7.28 
5.61 
5.29 
6.84 

4.70 
2.05 
3.95 
8.00 
7.30 

1702 
1703 
1704 

S 
S 
S 

6G 
6G 
6G 

MIM Aden pavo 
MIM Inga fagi 
MIM Inga fagi 

5.90 0.0027 7.59 
9.00 0.0064 
7.90 0.0049 

5.80 
4.78 
4.07 

8.90 
9.65 
4.70 

1705 S 
1706 M 
1707 M 

6G 
6G 
6G 

MIEW Inga fagi 7.20 0.0041 
SAPO Pout mult 18.00 0.0254 18.8 
SAPO Pout mult 7.00 0.0038 

4.19 
1.78 
2.12 

1.60 
1.45 
1.30 

1708 M 
1709 S 
1710 S 

6G 
6G 
6G 

SAPO Pout mult 10.20 0.0082 
SAPI Cupa triq 13.90 0.0152 
MIM Inga fagi 6.40 0.0032 

1.95 
1.95 
2.84 

1.55 
2.45 DEAD 7/86 
5.50 

1711 S 6F MIM Ina fagi 6.40 0.0032 9.45 9.90 
1712 
1713 
1714 

S 
S 
S 

6F 
6F 
6F 

MALP Byrs cori 20.30 0.0324 16.4 
BORA Cord sulc 5.90 0.0027 7.90 
MIM)Inga fagi 8.60 0.0058 

8.91 
7.75 
7.27 

9.20 
7.55 
6.95 

1715 S 6F MIMO Inga fagi 5.40 0.0023 7.36 4.60 
1716 
1717 
1718 

S 
S 
S 

6F 
6F 
6F 

SAPI Allo race 5.50 0.0024 7.59 
BORA Cord sulc 10.80 0.0092 12.1 
NYCr Guap frag 5.00 0.0020 

0.05 
0.20 
0.92 

7.50 
8.30 
1.15 

1719 S 6F NYCT Guap frag 5.40 0.0023 0.89 0.25 
1720 
1721 
1722 

S 
S 
S 

6F 
6E 
6E 

MALP Byrs cori 8.70 0.0059 10.3 
MIU Inga fagi 35.10 0.0968 
STER Guaz ulmi 17.20 0.0232 13.0 

4.04 
8.90 
5.25 

1.10 
0.35 
4.45 
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1723 S 6E IAUR Lica sali 10.70 0.0090 11.8 5.80 6.25 
1724 S 
1725 S 

6E 
6E 

MIM Acac west 5.40 0.0023 
RUTA Zant mart 8.00 0.0050 17.0 

7.20 
4.31 

6.85 DEAD 7/86 
8.55 

1726 S 6E MYMU Pime race 15.30 0.0184 3.75 9.20 
1727 M 6E CAPP Capp cyno 9.30 0.0068 7.29 0.90 6.55 
1728 M 6E CAPP Capp cyno 5.30 0.0022 1.02 8.70 
1729 M 6E SAFO Chry pauc 6.50 0.0033 12.7 3.29 6.55 
1.730 M 6E SAPO Chiy pauc 6.70 0.0035 3.36 6.65 
1731 S 6E MYRI Pime race 8.10 0.0052 3.21 5.70 
1732 S 6E CAPP Mori amer 5.50 0.0024 6.99 3.60 3.95 
1733 S 6E NYCT Guap frag 5.50 0.0024 8.31 3.95 
1734 S 6E NYCT Guap frag 7.70 0.0047 1.29 1.10 
1735 S 6D NYCr Guap frag 23.50 0.0434 9.20 0.90 
1736 S 6D MIM Inga fagi 16.40 0.0211 8.66 3.15 
1737 S 6D R1MJA Zant mart 15.10 0.0179 16.4 8.89 5.70 
1738 S 6D BORA Cord sulc 14.00 0.0154 12.4 7.21 8.35 
1739 S 
1740 S 

6D 
6D 

NYCr Guap frag 7.50 0.0044 
MIM0 Inga fagi 7.90 0.0049 

6.20 
6.32 

8.55 DEAD 7/86 
4.15 

1741 M 6D STER Guaz ulmi 17.40 0.0238 15.8 5.45 2.51 
1742 M 6D STER Guaz ulmi 14.60 0.0167 5.25 2.85 
1743 M 6D SER GLaz ulmi 16.10 0.0204 5.55 2.90 
1744 S 6D MY.R Pime race 12.60 0.0125 4.01 2.75 
1745 S 6D NYCT Guap frag 5.90 0.0027 2.63 1.00 
1746 S 6D MIMO Inga fagi 14.30 0.0161 15.8 2.00 0.65 
1747 S 6D NYCT Guap frag 6.10 0.0029 1.75 0.45 
1748 M 6D FIAC Case deca 6.10 0.0029 7.90 0.25 4.90 
1749 M 6D FLAC Case deca 5.60 0.0025 0.25 5.15 
1750 M 6D FLAC Case deca 6.30 0.0031 0.40 5.10 
1751 S 6D MIMO Incga fagi 22.10 0.C,384 0.35 5.60 
1752 S 6D NYC Guap frag 5.40 0.0023 3.71 6.25 
1753 S 6D NYCT Guap frag 7.70 0.0047 1.30 9.30 
2736 S 6D MYRS Ardi obov 5.00 0.0020 6.32 3.15 
2737 S 6D MYRS Ardi cbov 5.00 0.0020 1.87 5.25 
2738 S 6D CAPP Mori amer 5.20 0.0021 6.07 1.20 7.55 
1754 S 6C XJPH Dryp alba 6.30 0.0031 7.59 9.45 9.30 
1755 S 6C BORA Cord sulc 14.40 0.0163 13.0 9.20 9.75 
1756 S 6C MIM Inga fagi 6.10 0.0029 4.86 7.63 8.50 
1757 S 6C OLEA Lino cari 5.80 0.0026 7.30 8.10 
1758 S 6C FABA Anmi iner 10.60 0.0088 9.72 6.70 8.40 
1759 S 6C MYRW Pime race 14.90 0.0174 6.40 8.35 
1760 S 6C BORA Cord alli 16.40 0.0211 12.7 6.80 9.70 
1761 S 6C EUPH Dryp alba 6.10 0.0029 4.25 6.75 7.30 
1762 S 6C NYCT Guap frag 34.50 0.0935 7.30 6.80 
1763 M 6C MYPS Ardi obov 6.10 0.0029 8.50 5.60 
1764 M 6C MYRS Ardi obov 10.30 0M0083 8.90 5.80 
1765 M 6C NYCT Guap frag 14.60 0.0167 8.25 1.20 
1766 M 6C NYCT Guap frag 8.30 0.0054 7.85 1.10 
1767 S 6C MIMD Inga fagi 17.90 0.0252 7.05 1.05 
1768 S 6C BIGN Tabe hete 15.40 0.0186 16.7 5.50 4.00 
1769 S 6C OLEA IUno cari 8.90 0.0062 4.75 2.80 DEAD11/86 
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1770 S 6C 
OLEA Lino carl 6.20 0.0030 8.20 4.30 5.30

1771 S 6C MM Fara ccci 
6.30 0.0031 5.47 4.40 3.50
 
1772 S 6C 
RBI Fara occi 5.90 0.0027 2.90 1.20

1773 S 6C MIM 
rAcac muri 21.50 0.0363 0.13 1.90

1774 M 6C MYRS Ardi &xov 
7.70 0.0047 0.65 3.60

1775 M 6C 
MYRS Ardi cbov 6.10 0.0029 1.20 3.80

1778 S 6C 
MIMO Acac nuri 24.90 0.0487 1.90 4.05

1779 M 6C 14JBI Guet scab 
5.80 0.0026 10.6 2.52 5.20

1780 S 6C MID 
Inga fagi 5.30 0.0022 2.55 5.40
 
1781 M 6C 
1UBI Guet scab 7.10 0.0040 2.55 5.35

1782 S 6C 
IUBI Fara occi 5.60 0.0025 6.07 2.21 5.42

1783 S 6C NYCT Guap frag 15.50 0.0189 1.55 6.25

1784 S 6C 
MYRS Ardi obov 5.50 0.0024 2.01 7.55
 
1785 S 6C RUBI Fara occi 
5.40 0.0023 1.25 7.50

1786 S 6C MYRS Ardi obov 
5.90 0.0027 1.00 6.10

1787 S 6C 
NYCT Guap frag 11.40 0.0102 0.65 5.60
 
1788 S 6C IAUR Lica sali 
5.00 0.0020 8.51 9.45 0.70

2739 S 6C MJPH Dryp alba 
5.10 0.0020 5.52 0.60
1189 S 6B 
MYRS Ardi obov 7.00 0.0038 9.95 0.45
 
1790 S 6B 
MYRT Pime race 11.80 0.0109 9.42 1.65

1791 S 6B 
MYRT Pim race 15.80 0.0196 8.00 2.90
 
1792 S 6B MYRS Ardi obov 
7.90 0.0049 9.50 6.65

1793 S 6B 
MYRS Ardi obov 5.40 0.0023 7.30 6.70

1794 S 6B NYCr Guap frag 17.40 0.0238 6.55 5.90
 
1795 S 6B MYRT Myrc citr 
5.80 0.0026 6.99 7.55 3.50

1796 S 6B OLEA Lino cari 
6.80 0.0036 4.85 7.60
 
1797 S 6B MYRT Euge mont 5.90 0.0027 10.0 3.00 7.25

1798 S 6B 
MIMO Acac muri 21.50 0.0363 2.65 9.00

1799 M 6B 
NYCr Guap frag 16.50 0.0214 1.95 9.50

1800 M 6B NYCT Guap frag 13.40 0.0141 2.40 9.80
 
1801 S 6B 
MYRT Euge mont 14.10 0.0156 11.5 2.50 5.85
 
1802 S 6B 
MIMO Acac iuri 10.00 0.0079 2.20 3.20

1803 S 6B MYRT Myrc citr 7.60 0.0045 7.90 2.60 2.00

1804 S 6B MYIS Ardi obov 
5.20 0.0021 2.05 1.75
 
1805 S 6B 
MYRS Ardi obov 6.80 0.0036 1.25 0.50

1806 S 6B 
MIMO Acac muri 22.20 0.0387 1.00 1.00
 
1807 M 6B 
LAUR Ocot cori 6.60 0.0034 9.72 1.00 1.25

1810 M 6B lAUR Ocot cori 
5.00 0.0020 0.10 4.50

1808 S 6B 
MIMO Acac muri 16.70 0.0219 0.10 4.50
 
1809 S 6B OLEA Lino cari 
5.90 0.0027 8.81 1.05 5.10

1811 S 6A 
MIMD Acac muri 10.90 0.0093 8.95 2.30
 
1812 S 6A 
MIMD Acac muri 18.40 0.0266 8.45 0.60

1813 S 6A MYRT Myrc citr 
6.10 0.0029 6.68 8.20 0.35
 
1814 S 6A 
MYR Euge bifl 6.80 0.0036 8.81 9.60 3.80

1815 S 6A NYCr Guap frag 
8.90 0.0062 9.70 3.90

1816 S 6A 
NYCr Guap frag 8.80 0.0061 5.15 7.90
 
1817 S 6A 
MIMD Acac muri 19.00 0.0284 7.82 6.25

1818 S 6A 
MIMD Acac muri 20.40 0.0327 8.00 6.85

1819 S 6A MYRS Ardi obov 
6.50 0.0033 8.70 7.52

1820 S 
 6A NYCr Guap frag 6.10 0.0029 9.70 7.70
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1821 S 6A MIM Acac nuri 24.20 0.0460 6.75 9.60 
1822 S 6A CAPP Capp cyno 6.20 0.0030 5.77 5.75 9.60 
1823 S 6A MIM Acac muri 1.1.80 0.0109 4.60 8.40 
1824 S 6A OLEA Lino cari 5.80 0.0026 4.10 6.40 
1825 S 6A MYRT Myrc citr 5.40 0.0023 5.77 6.90 5.00 
1826 S 6A NYCT Guap frag 11.60 0.0106 6.85 8.65 
1827 S 6A MIM Acac muri 20.00 0.0314 3.90 8.15 
1828 M 6A MEW Acac muri 13.10 0.0135 3.00 8.05 SICK11/86 
1829 M 6A MIM Acac mouri 11.80 0.0109 2.80 8.35 
1830 M 6A MIMO Acac muri 12.10 0.0115 2.70 8.75 
1831 S 6A LAUR Ocot cori 5.60 0.0025 6.07 2.10 8.80 
1832 S 6A MIMF Acac muri 19.70 0.0305 1.00 8.90 
1833 S 6A MiT Pime race 5.40 0.0023 1.65 7.85 
1834 S 6A MM Pime race 5.50 0.0024 0.75 6.10 
1835 S 6A BIGN Tabe hete 26.70 0.0560 16.4 0.40 5.65 
1836 S 6A MIM Acac mari 6.80 0.0036 0.80 5.10 DEAD 6/86 
1837 S 6A MYRS Ardi obov 5.70 0.0026 1.60 5.25 
1838 S 6A NYC Guap frag 8.70 0.0059 2.50 5.25 
1839 S 6A MYRT Pime race 6.00 0.0028 7.90 0.15 5.85 
1840 S 6A MINM Acac muri 17.40 0.0238 0.80 4.20 
1841 S 6A MIM Acac muri 10.80 0.0092 1.05 3.50 
1842 S 6A NYC Guap frag 6.70 0.0035 1.60 1.45 
1843 S 6A IAUR Ocot cori 7.30 0.0042 3.20 0.35 
1844 S 6A MIMD Acac muri 16.50 0.0214 3.40 0.40 
1845 S 6A MIMD Acac muri 14.90 0.0174 5.90 0.60 
1846 M 6A CAPP Mori amer 7.10 0.0040 6.55 2.95 
1847 M 6A CAPP Mori amer 5.20 0.0021 9.11 6.60 2.85 
1848 S 6A OLEA Lino cari 5.00 0.0020 6.15 4.30 DEAD 6/86 
1849 S 6A MYRT Myrc citr 5.30 0.0022 14.8 5.25 2.40 
1850 S 7A OLEA Lino cari 7.50 0.0044 0.60 0.55 
1851 S 7A MIMD Acac muri 15.20 0.0181 17.9 2.60 1.90 
1852 S 7A OLEA Lino cari 5.50 0.0024 3.05 3.05 
1853 S 7A MIMO Acac muri 11.30 0.0100 3.20 4.60 
1854 S 7A MIM Acac muri 26.80 0.0564 4.45 5.50 
1855 S 7A MYRT Pime race 7.90 0.0049 0.35 6.35 
1856 S 7A LAIJR Lica sali 5.50 0.0024 7.90 1.20 6.15 
1857 S 7A RMr]A Zant mart 30.20 0.0716 18.2 6.20 8.10 
1858 S 7A NYCT Guap frag 19.20 0.0290 6.35 9.90 
1859 S 7A M= Euge mont 7.40 0.0043 7.90 7.00 7.80 
1860 S 7A CAPP Mori amer 9.40 0.0069 7.90 7.85 7.85 
1861 S 7A MYRT Euge mont 9.80 0.0075 11.5 6.70 4.20 
1862 S 7A MIM Acac muri 11.50 0.0104 4.20 0.80 
1863 S 7A MYRT Pime race 5.50 0.0024 5.30 0.07 
1864 S 7A MI10 Acac muri 17.50 0.0241 6.45 1.20 
1865 S 7A NYCT Guap frag 8.90 0.0062 6.55 2.70 
1866 S 7A NYCT Guap frag 9.60 0.0072 7.60 2.50 
1867 S 7A FLC Case deca 5.10 0.0020 9.42 9.20 2.25 
1868 S 7A OLEA Lino cari 5.20 0.0021 9.15 2.20 DEAD 6/86 
1869 S 7A MIM Acac ripa 6.30 0.0031 8.00 4.70 
1870 S 7A MYRS Ardi obov 6.20 0.0030 8.65 9.75 
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2741 3 7A RHAM Krug ferr 
5.00 0.0020 4.20 5.40
 
2742 S 7A 
MIM Acac west 6.20 0.0030 7.75 7.90

2743 S 7A NYCr Guap frag 5.40 0.0023 8.60 1.80
 
2744 S 7A MY1S Ardi cbov 
 6.00 0.0028 9.52 0.50
 
1871 S 7B 
MYR Pime race 16.70 0.0219 1.25 5.75
 
1872 M 7B 
LAUR Lica sali 5.20 0.0021 2.15 6.25
 
1873 M 7B IAUR Lica sali 
5.20 0.0021 10.6 2.25 5.95
 
1874 
S 7B BORA Cord alli 10.30 0.0083 3.00 7.90 DEAD 7/86

1875 S 7B FIAC Case guia 
5.40 0.0023 7.59 3.50 8.30

1876 S 7B 
MIM Acac muri 31.50 0.0779 3.95 4.50
 
1877 S 7B 
IAUR Ocot cori 11.40 0.0102 3.90 3.40
 
1878 S 7B NYCT Guap frag 27.10 0.0577 6.00 1.20
 
1879 S 7B 
MYRS Ardi abov 7.00 0.0038 5.15 0.52

1880 M 
 7B MYRS Ardi obov 7.60 0.0045 6.60 2.60
 
1881 M 7B 
MYRS Ardi abov 10.30 0.0083 6.60 2.75

1882 S 7B 
NYCr Guap frag 10.00 0.0079 4.80 6.00
 
1883 S 7B VERB Cith frut 
8.30 0.0054 13.9 5.10 9.70

1884 S 7B 
NYCr Guap frag 25.30 0.0503 5.55 9.95
 
1885 S 7B MYRS Ardi obov 5.70 0.0026 7.00 6.95
 
1886 S 7B BIGN Tabe hete 
8.50 0.0057 10.0 7.10 5.00

1887 M 7B CAPP Mori amer 
8.20 0.0053 6.68 9.80 1.85
 
1888 M 7B 
CAPP Mori amer 5.90 0.0027 9.85 1.45
 
1889 S 7B MIMD Inga fagi 
5.20 0.0021 9.15 7.40
 
1890 S 7B 
BORA Bour succ 8.60 0.0058 8.51 8.50 8.30

1891 
S 7B BORA Cord alli 6.00 0.0028 8.25 8.50 DEAD 3/86

2745 S 7B MYRT Euge mont 
5.20 0.0021 7.29 0.52 3.70
 
2746 S 7B 
MYRS Ardi obov 5.10 0.0020 5.90 0.62
 
1892 S 
 7C MALP Byrs cori 26.30 0.0543 19.4 0.60 1.35
 
1893 S 7C MYRS Ardi obov 
6.20 0.0030 0.90 0.25
 
1894 S 7C SAPI Allo race 10.30 0.0083 9.11 3.20 4.65
 
1895 S 7C 
NYCT Guap frag 11.30 0.0100 4.80 2.80

1896 S 7C 
NYCr Guap frag 18.50 0.0269 18.2 5.20 3.90
 
1897 S 7C MYRS Ardi obov 
6.90 0.0037 4.20 4.45
 
1898 S 7C 
RUJA Zant mart 15.10 0.0179 18.2 4.90 9.70
 
1899 S 
 7C NIMD Inga fagi 8.10 0.0052 6.65 6.90
 
1900 S 7C MIM Inga fagi 15.60 0.0191 6.95 6.65
 
1901 S 7C 
M2fMO Inga fagi 15.90 0.0199 6.85 5.95
 
1902 S 7C 
MYRT Pime race 10.30 0.0083 5.30 0.45
 
1903 S 7C 
CAPP Mori amer 10.80 0.0092 8.60 0.75
 
1904 S 7C 
MIMD Inga fagi 7.70 0.0047 9.10 1.00
 
1905 S 
 7C CAPP Mori amer 12.70 0.0127 10.3 9.75 3.35

1906 M 7C 
MYIRT Pime race 10.30 0.0083 7.60 5.10
 
1907 M 7C MYIR Pime race 7.10 0.0040 7.70 5.20 
1908 S 7D NYCr Guap frag 13.40 0.0141 0.05 4.10 
1909 S 7D MIM4 Inga fagi 22.90 0.0412 20.0 0.32 1.40 
1910 S 7D MMD Inga fagi 18.10 0.0257 1.12 3.35 
1911 M 7D MID 
Inga fagi 15.90 0.0199 1.50 3.95
 
1912 M 
 7D MID Inga fagi 17.90 0.0252 1.75 3.90
 
1913 S 7D MIM Inga fagi 12.70 0.0127 1.00 5.70
 
1914 S 7D 
BORA Cord alli 10.80 0.0092 12.7 4.45 8.00
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1915 S 7D FLAC Case deca 5.00 0.0020 7.90 5.85 3.65 
1916 S 7D IAUR Oot cori 6.00 0.0028 4.75 3.00 
1917 S 7D RUTA Zant mart 29.20 0.0670 3.65 0.85 
1918 S 7D BORA Cord sulc 7.30 0.0042 9.42 6.85 2.55 
1919 S 7D FTAC Case guia 5.50 0.0024 5.77 8.10 3.10 
1920 S 7D MYRP Pime race 5.70 0.0026 9.10 5.50 
1921 S 7D NYCr Guap frag 8.30 0.0054 8.35 7.00 
1922 S 7D NYCT Guap frag 6.20 0.0030 8.60 7.55 
1923 S 7D ANAC Spon mcub 19.20 0.0290 17.0 8.70 9.70 
1924 S 7D BORA Cord sulc 8.20 0.0053 11.8 6.25 9.95 
1925 S 7E MYR Pime race r,.90 0.0027 1.35 5.45 
1926 S 7E CAPP Capp indi 11.70 0.0108 6.68 1.40 7.90 
1927 S 7E NYCr Guap frag 5.60 0.0025 2.50 8.45 
1928 S 7E MYRT Pime race 10.10 0.0080 2.40 9.80 
1929 S 7E NYCT Guap frag 6.20 0.0030 3.25 8.40 
1930 S 7E MYRS Ardi obov 5.90 0.0027 4.80 6.50 
1931 S 7E NYCT Guap frag 48.30 0.1832 ..90 2.65 
1932 S 7E MYRS Ardi obov 6.30 0.0031 11.2 7.30 6.70 
1933 S 7E MYRS Ardi obov 11.90 0.0111 12.4 8.75 8.55 
1934 M 7E MIME Inga fagi 9.70 0.0074 9.35 2.55 
1935 M 7E MIV Inga fagi 16.40 0.0211 9.60 2.50 
1936 M 7E MIV Inga fagi 7.70 0.0047 9.65 2.35 
1937 S 7E NYCI Guap frag 24.80 0.0483 9.90 1.45 
1938 S 7E RT Zant mart 12.80 0.0129 20.9 7.90 0.35 
1939 S 7E NYCT Guap frag 5.30 0.0022 7.25 9.65 
1940 S 7F IAJR Ocot cori 7.80 0.0048 8.81 0.75 3.40 
1941 S 7F LAUR Lica sali 11.10 0.0097 14.5 1.00 3.10 
1942 S 7F IAUR Lica sali 12.80 0.0129 13.6 2.30 1.20 
1.943 S 7F MIM Inga fagi 7.40 0.0043 2.80 1.07 
1944 S 7F MYIR Pime race 13.30 0.0139 5.05 0.70 
1945 S 7F MIT Inga fagi 5.20 0.0021 6.95 2.30 
1946 M 7F SAPO Pout mult 18.50 0.0269 20.3 8.40 2.90 
1947 M 7F SAPO Pout mult 10.10 0.0080 8.55 2.90 
1948 M 7F SAPO Pout mult 5.30 0.0022 8.50 3.10 
1949 S 7F MALP Byrs cori 15.20 0.0181 15.1 7.65 5.45 
1950 S 7F STER Guaz ulmi 72.70 0.4151 18.2 2.85 9.55 
1951 S 7F MYRT Pime race 10.00 0.0079 0.60 9.70 
1952 S 7G MMJA Zant mart 32.30 0.0819 37.9 0.30 2.60 
1953 S 7G MIM Inga fagi 27.70 0.0603 4.45 2.40 
1955 S 7G BIGN Tabe hete 48.40 0.1840 6.50 5.05 
1954aM 7G CLUS Clus rose 7.80 0.0048 5.70 5.30 
1954iA 7G CI/JS Clus rose 10.60 0.0088 23.4 5.70 5.30 
1954cM 7G CIJS Clus rose 5.80 0.0026 5.70 5.30 
1954dM 7G CIUS Clus rose 5.80 0.0026 5.70 5.30 
1954eM 7G CLUS Clus rose 11.50 0.0104 5.70 5.30 
1954fM 7G CLUS Clus rose 11.00 0.0095 5.70 5.30 
1956 S 7G MYRS Ardi obov 6.40 0.0032 11.2 4.80 7.00 
1957 S 7G BIGN Tabe hete 15.40 0.0186 15.8 9.00 9.90 
1958 M 7G MYRS Ardi obov 8.50 0.0057 8.50 2.65 
1959 M 7G MYRS Ardi obov 9.40 0.0069 9.20 1.95 
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1960 S 
1961 S 
1962 S 

I. (Continued) 
7H NYCr Guap frag 8.20 0.0053 
7H MYRS Ardi obov 5.60 0.0025 
7H MYRT Pine race 11.20 0.0099 

1.40 
0.10 
0.20 

1.20 
7.50 
9.65 

1963 S 
1964 S 
1965 S 
1966 M 
1967 M 
1968 S 
1969 S 

7H 
7H 
7H 
7H 
7H 
7H 
7H 

MYPR Pime race 8.10 0.0052 
IAUR Ocot anti 17.20 0.0232 15.8 
MY1S Ardi cbov 10.10 0.0080 
MYRS Ardi cbov 5.10 0.0020 
MYPS Ardi obov 5.70 0.0026 
NYCT Guap frag 5.40 0.0023 6.68 
MIM Inga fagi 5.80 0.0026 

3.60 
5.40 
4.85 
5.25 
5.95 
3.80 
4.80 

9.50 
7.50 
3.35 
2.40 Ddll/86wt 
2.90 
0.65 
0.20 

1970 S 
1971 S 
1972 M 
1973 M 
1974 S 

7H 
7H 
7H 
7H 
7H 

LAUR Lica sali 15.20 0.0181 15.1 
MIM Inga fagi 5.90 0.0027 
MYRS Ardi obov 9.80 0.0075 
MYRS Ardi obov 8.50 0.0057 
BIGN Tabe hete 13.50 0.0143 

7.35 
7.95 
7.10 
6.75 
7.00 

3.30 
2.65 
5.00 
5.55 
8.30 

1975 
1984 

S 
S 

7H 
7H 

MYRT Pime race 13.70 0.0147 
IUBI Fara occi 5.20 0.0021 

5.80 
9.90 

8.00 
2.60 

1976 S 
1977 S 
1978 M 
1979 M 
1980 M 

71 
71 
71 
71 
71 

BIGN Tabe hete 22.20 0.0387 
NYCr Guap frag 6.40 0.0032 
MYIRS Ardi obov 8.40 0.0055 
MYRS Ardi obov 12.90 0.0131 
MYRS Ardi obov 5.80 0.0026 

2.20 
2.15 
2.65 
2.75 
2.75 

7.95 
7.35 
8.25 
8.25 
8.35 

1981 S 71 RUBI Fara occi 5.00 0.0020 3.95 2.55 6.20 
1982 
1983 
1985 
1986 
1987 
1988 
1989 

S 
S 
S 
S 
S 
S 
S 

71 
71 
71 
71 
71 
71 
71 

NYCr Guap frdg 7.50 0.0044 
MYRS Ardi obov 7.00 0.0038 
MALP Byrs cori 15.60 0.0191 
LAUR Ocot cori 11.20 0.0099 11.2 
MAIP Byrs cori 35.40 0.0984 21.8 
MALP Byrs cori 15.60 0.0191 
MYRT Pime race 7.00 0.0038 

2.55 
2.00 
0.25 
0.00 
3.95 
4.65 
4.30 

2.34 
2.00 
1.38 DEAD 3/86 
0.74 WIHPDWN85 
0.20 
0.35 
1.30 

1990 S 
1991 S 
1992 S 
1993 S 
1994 M 
1995 M 
1996 M 

71 
71 
71 
71 
71 
71 
71 

MALP Byrs cori 12.10 0.0115 
FABA Andi iner 7.00 0.0038 6.38 
MALP Byrs cori 18.70 0.0275 
MYRS Ardi obov 5.10 0.0020 
MALP Byrs cori 17.10 0.0230 
MALP Byrs cori 7.00 0.0038 
MALP Byrs cori 23.90 0.0449 

3.25 
3.95 
4.15 
4.10 
3.25 
3.40 
3.55 

2.60 
5.90 
6.25 
5.40 
9.50 SICK 1/87 
9.50 
9.65 

1997 M 
1998 S 

71 
71 

MALP Byrs cori 10.90 0.0093 
MALP Byrs cori 8.30 0.0054 

3.75 
7.40 

9.70 
9.25 

1999 
2000 
2001 

S 
S 
S 

71 
71 
71 

BIGN Tabe hete 28.00 0.0616 
MYRP Pime race 8.30 0.0054 
MIMD Inga fagi 6.80 0.0036 

6.80 
7.20 
0.27 

7.90 
7.60 
4.25 

2002 
2003 
2004 

S 
S 
S 

71 
71 
71 

MALP Byrs cori 19.50 0.0299 
MID Inga fagi 22.60 0.0401 
MYRT Pime race 11.30 0.0100 

9.50 
7.15 
7.80 

9.60 
4.15 
3.05 

2005 
2006 

S 
S 

71 
71 

MYRT Pime race 10.10 0.0080 
MYRT Pime race 7.30 0.0042 10.0 

8.95 
7.50 

2.80 
2.10 

2007 
2008 
2009 

S 
S 
S 

71 
7J 
7J 

MYRT Pime race 
MYRT Pire race 
MY Pime race 

5.40 0.0023 
8.80 0.0061 
7.80 0.0048 

9.80 
0.25 
1.75 

1.10 
0.05 
0.70 
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JAEN4DIX I. (Continued) 
2010 S 7J MYR Pime race 8.30 0.0054 2.25 2.40 
2011 S 7J D Pime rae 5.10 0.0020 0.62 3.40 
2012 S 7J MIM Inga fagi 12.40 0.0121 1.05 7.40 
2013 S 7J MALP Byrs cori 6.40 0.0032 5.77 2.20 9.20 
2014 S 7J MAILP Byrs cot1 14.00 0.0154 2.25 8.70 
2015 S 7J MAIP Byrs cor 16.60 0.0216 2.70 7.89 
2016 S 7J MALP Byrs cori 14.10 0.0156 3.45 6.10 
2017 S 7J MAILP Byrs cori 6.40 0.0032 3.95 5.15 
2018 S 7J MALP Byrs cor 28.70 0.0647 17.3 3.60 4.35 
2019 S 7J MALP Byrs cor 23.50 0.0434 5.85 2.20 
2020 S 7J MYRT Pine race 9.20 0.0066 5.65 3.10 
2021 S 7J NYCT Guap frag 7.00 0.0038 7.50 1.69 
2022 S 7J MYR Pime race 8.10 0.0052 7.80 4.20 
2023 S 7J MYRT Pime race 12.30 0.0119 9.90 1.80 
2024 S 7J MYRI Pime race 8.10 0.0052 11.8 8.20 7.70 
2025 S 7J MIM Inga fagi 12.10 0.0115 8.20 8.30 
2026 S 7J MYRI Pime race 5.50 0.0024 9.95 9.90 
2027 S 7J MYRT Pine race 8.20 0.0053 7.80 8.30 
2028 S 7J MALP Byrs cori 17.80 0.0249 9.20 8.00 
2029 S 7J MYRT Pime race 11.00 0.0095 7.50 8.50 
2030 M 7J MALP Byrs cori 8.60 0.0058 7.20 9.00 
2031 M 7J MALP Byrs cori 16.90 0.0224 19.1 7.25 9.20 
2032 S 7J MIM Inga fagi 5.30 0.0022 8.20 4.55 8.80 
2033 S 7J MYI' Pine race 9.70 0.0074 3.25 0.81 
2034 S 8J MYRT Pime race 9.80 0.0075 8.45 0.15 
2035 M 
2036 M 

8J 
8J 

MALP Byrs cori 
MALP Byrs cori 

7.20 0.0041 
8.00 0.0050 

8.45 
8.35 

0.45 SICK.1/06 
1.20 

2037 S 8J MYRT Pime race 6.60 0.0034 9.60 3.25 
2038 S 8J MYR Pime race 7.50 0.0044 9.90 5.95 
2039 S 8J MIM Inga fagi 8.20 0.0053 9.30 6.65 
2040 
2041 

S 
S 

8J 
8J 

MAIP Byrs cori 6.30 0.0031 
MALP Byrs cori 16.40 0.0211 

6.25 
5.70 

8.49 DEAD 7/86 
8.17 

2042 S 8J MYRT Myrc citr 5.80 0.0026 6.99 7.90 5.36 
2043 S 8J AQUI Ilex urba 9.70 0.0074 10.3 7.55 2.90 
2044 M 8J MYIR Myrc citr 6.10 0.0029 6.65 4.42 
2045 M 8J MYRT Myrc citr 11.20 0.0099 6.50 4.50 
2046 S 8J MYRT Pime race 7.00 0.0038 10.0 5.65 5.32 
2047 S 8J MYRT Pime race 5.30 0.0022 4.95 4.99 
2048 S 8J MALP Byrs cori 21.60 0.0366 17.0 6.95 2.56 
2049 S 8J MALP Byrs cori 8.60 0.0058 6.30 1.40 
2050 S 8J NYCT Guap frag 6.20 0.0030 4.95 0.70 
2051 S 8J MI Ina fagi 8.30 0.0054 4.95 1.90 
2052 S 8J NYC Guap frag 5.20 0.0021 7.90 3.00 1.20 
2053 S 8J MYRT Pi e race 6.90 0.0037 1.25 2.10 
2054 J3 8J MALP Byrs cori 11.90 0.0111 2.50 4.80 
2055 S 8J MALP Byrs cori 24.30 0.0464 1.60 5.45 
2056 S 8J MALP Byrs cori 5.50 0.0024 0.90 4.60 
2057 S 8J ARAL Didy moro 12.70 0.0127 10.0 0.55 4.60 
2058 M 8W AQJI Ilex urba 6.30 0.0031 9.42 0.60 5.63 
2059 M 8J AW Ilex urba 9.60 0.0072 0.48 5.77 
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APPENDIX 
2060 S 
2061 S 
2062 S 
2063 S 
2064 S 
2065 S 
2066 S 
2067 S 
2068 S 

I. (continued) 
8J MEP Byrs cori 14.00 0.0154 9.42 
8J MAUP Byrs cori 6.70 0.0035 
8J MAIP Byrs cori 8.60 0.0058 
8W MYRS Ardi cbov 6.70 0.0035 9.11 
W AQUI Ilex urba 5.20 0.0021 5,16 
8J MYRS Ardi obov 5.10 0.0020 
8J MYRT Pime race 5.10 0.0020 
8J MYRT Pime race 5.50 0.0024 
81 MALP Byrs cori 8.20 0.0053 

1.15 
1.85 
1.95 
0.22 
0.40 
5.60 
9.46 
1.80 
9.50 

7.00 
7.40 
8.42 
7.77 
9.60 
8.85 
1.98 
3.42 DEAD 7/86 
0.30 

2069 
2070 
2071 
2072 

S 
S 
S 
S 

81 
81 
81 
81 

MYRT Pime race 5.30 0.0022 
MYRI Pine race 11.60 0.0106 
MYRT Pime race 5.10 0.0020 
MAIP Byrs cori 22.20 0.0387 20.3 

8.40 
9.40 
9.40 
8.30 

1.40 
1.90 
3,90 
3.90 

2073 S 
2074 S 
2075 S 
2076 S 
2077 S 
2078 S 
2079 S 
2080 S 
2081 S 
2082 S 
2083 S 
2084 S 
2085 S 
2086 S 
2087 S 
2088 S 
2089 S 
2090 S 
2091 S 
2092 S 
2093 S 
2094 M 
2095 M 
2096 M 

81 
8I 
81 
81 
8I 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 

MYRT Pimr race 6.10 0.0029 
MIMD Inga fagi 16.40 0.0211 
NYCT Guap frag 5.70 0.0026 
MYRS Ardi obov 5.10 0 0020 
IAUR Ocot sint 15.60 0.j'91 13.3 
PUBI Guet scab 11.80 0.0109 12.7 
RUBI Fara occi 5.70 0.0026 6.38 
MALP Byrs cori 17.00 0.0227 
ARAL Didy moro 15.20 0.0181 13.0 
MYRS Ardi obov 7.20 0.0041 12.7 
MYR Pime race 6.50 0.0033 
NYCr Guap frag 6.90 0.0037 
NYCT Guap frag 6.10 0.0029 
MYRS Ardi obov 5.60 0.0025 
MYRS Ardi obov 5.70 0.0026 
MYRS Ardi obov 11.30 0.0100 
MIM Inga fagi 19.20 0.0290 
NYCT Guap frag 9.00 0.0064 
NYCr Guap frag 6.40 0.0032 
RJBI Guet scab 9.90 0.0077 
MALP Byrs cori 17.20 0.0232 
MYRS Ardi obov 6.50 0.0033 
IYFS Ardi obov 9.80 0.0075 
MYRS Ardi obav 8.00 0.0050 

9.15 
6.90 
6.25 
5.85 
4.55 
4.25 
3.85 
6.50 
5.20 
6.65 
6.50 
4.85 
3.95 
2.85 
3.70 
2.65 
1.45 
0.87 
2.15 
0.72 
1.95 
1.90 
1.90 
1.45 

7.30 
9.49 
9.95 
8.85 
7.10 
6.51 
5.10 
6.20 
5.00 
2.50 
0.95 
1.80 
2.89 
3.15 
7.35 
7.70 
9.45 
9.55 
7.09 
5.60 WTRW 2/87 
2.95 
2.70 
2.51 
2.35 

2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
2105 
2106 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

8H 
8H 
8H 
8H 
8H 
8H 
8H 
8H 
EH 
SH 

NYCr Guap frag 7.70 0.0047 
MYRS Ardi obov 6.50 0.0033 
MYRS Ardi obov 8.40 0.0055 
TrHEA Tern pedu 9.60 0.0072 6.07 
MALP Byrs cori 18.30 0.0263 
MYR? Myrc citr 7.90 0.0049 7.59 
MIMO Irga fagi 5.00 0.0020 6.38 
CALP Mori amer 17.10 0.0230 8.81 
MYRS Ardi obov 5.50 0.0024 
LAUR Ocot cori 8.70 0.0059 13.3 

7.75 
7,80 
8.30 
9.20 
9.00 
8.80 
7.00 
7.70 
7.25 
5.65 

0,50 
1.56 
2.30 
5.56 
9.50 
9.10 
9.24 
5.70 
5.45 
1.90 

2107 S 
2108 M 
2109 M 

8H 
8H 
8H 

MYR Pime race 
LAUR cot cori 
IAUR Ocot cori 

9.20 0.0066 
5.00 0.0020 
7.90 0.0049 

3.95 
4.45 
4.40 

3.30 
3.20 
7.80 
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APPENDIX I. (Cont,nued) 
2110 M 8H lAUR Oot cori 9.10 0.0065 4.30 7.69 
2111 S 8H lAUR Ocot sint 32.90 0.0850 23.1 3.65 9.40 
2112 S 8H MIM Tnga fagi 7.50 0.0044 1.40 9.60 
2113 S 8H LAUR Ocot mori 6.00 3.0028 0.49 9.01 
2114 S 8H NYCr Guap frag 17.10 0.0230 0.90 6.10 
2115 S 8H MIM IngiL fagi 8.20 0.0053 0.60 5.85 
211Z S 8H MYR Piate race 8.10 0.0052 1.25 3.92 
2117 S 8H MYRT Pime race 15.20 0.0181 1.45 3.40 
2747 S 8H MB3I Fara occi 5.00 0.0020 3.75 7.30 
2118 S 8G MIM Inga fagi 7.10 0.0040 8.60 0.45 
2119 M 8G MYRS Ardi cbov 15.10 0.0179 11.2 6.55 4.01 
2120 M 8G MYIRS Ardi obov 7.20 0.0041 5.80 6.20 
2121 S 8G NYCr Guap frag 6.30 0.0031 5.70 4.85 
2122 S 8G BORA Cord sulc 11.80 0.0109 12.1 5.55 4.90 
2123 S 8G MAILP Byrs cori 13.40 0.0141 6.30 7.80 
23124 S 8G MIM Irga fagi 10.40 0.0085 6.45 8.85 
2125 S 8G MYRT Pime race 11.30 0.0100 3.10 9.50 
2126 S 13G MALP Byrs cori 11.40 0.0102 16.7 3.20 7.15 
2127 S 8G lAUR Ocot cori 8.10 0.0052 4.10 4.90 WTRW 2/87 
2128 S 8G MIMD Inga fagi 6.00 0.0028 5.70 2.21 
2129 S 8G MIM Inga fagi 7.50 0.0044 2.95 0.95 
2130 S 8G MYRS Ardi obov 5.50 0.0024 0.75 1.20 
2131 S 8G MIM Inca fagi 7.10 0.0040 0.35 4.10 
2132 S 8G SlER Guaz ulmi 10.30 0.0083 9.72 0.40 5.85 
2133 S 2F FUK F-ra cci 5.50 0.0024 5.77 8.60 7.10 
2134 S 8F MALP Byrs cori 15.10 0.0968 26.4 7.95 3.65 
2135 S 8F MIMO Irna fagi 7.90 0.0049 8.70 1.00 
2136 S 8F NYCr Guap frag 5.50 0.0024 7.29 5.80 4.40 
2137 M 8F FABA Andi iner 5.80 0.0026 4.85 4.95 
2138 M 8F FABA Andi iner 7.00 0.0038 4.70 5.00 
2139 M 811 FABA Andi iner 7.60 0.0045 9.42 4.55 5.05 
2140 S 8F MIMO Inga fagi 5.60 0.0025 4.30 2.95 
2141 S 8F MD Inga fagi 6.40 0.0032 2.55 6.52 
2142 S 8F MALP Byrs cori 23.90 0.0449 0.90 7.10 
2143 S 8F MALP Byrs cori 22.80 0.0408 1.45 4.60 
2144 S 8F BORA Cord sulc 7.10 0.0040 10.6 1.60 4.10 
2145 S 8F lAUR Ocot cori 11.80 0.0109 6.70 9.50 
2146 S 8F MYRT Pime race 9.10 0.0065 7.05 6.35 DEAD 7/86 
2147 S 8F LAUR Ocot cori 7.30 0.0042 0.20 0.20 
2148 S 8E NIM Inga fagi 7.40 0.0043 15.8 7.55 1.48 
2149 S 8E LAUR Ocot cori 11.40 0.0102 6.99 6.10 2.55 
2150 S 8E LAUR Ocot cori 7.50 0.0044 5.50 2.70 DEAD 7/86 
2151 S 8E RUTA Zant mart.20.80 0.0340 20.3 7.75 3.82 
2152 S 8E BORA Cord coll 9.10 0.0065 13.6 8.75 4.55 
2153 S 8E MIMD Inga fagi 7.40 0.0043 7.80 6.05 
2154 S 8E MIMO Inga fagi 6.50 0.0033 9.65 7.10 
2155 S 8E MIMD Inga fagi 9.40 0.0069 11.8 9.15 6.80 
2156 M 8E MIMD Inga fagi 9.30 0.0068 7.75 6.30 
2157 M 8E MIMO Inga fagi 18.70 0.0275 7.55 6.30 
2158 S 8E NYCT Guap frag 6.40 0.0032 6.95 6.45 
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APPENDIX I. (Continuied)
2159 S 8E MYRT Pime race 21.00 0.0346 4.60 8.50
2160 S 8E MD Inga fagi 6.00 0.0028 3.80 5,55
2161 M 8E MYRT Pime race 9.90 0.0077 2.15 2.75
2162 M 8E MYRT Pime race 11.60 0.0106 2.00 2.64 
2163 M 8E MYRT Pime race 5.30 0.0022 1.85 2.62
2749 S 8E MBI Fara ooci 5.00 0.0020 4.05 1.78
2164 S 8D NYCT Guap frag 10.30 0.0083 11.5 9.25 0.25 
2165 S 8D NlD Inga fagi 5.70 0.0026 9.82 1.50
2166 S 8D MIM Inga fagi 5.40 0.0023 9.05 2.85
2167 S 8D MYRT Pime race 11.60 0.0106 8.21 2.90
2168 S 8D STER Guaz ulmi 17.50 0.0241 15.8 6.60 3.95
2169 S 8D BORA Cord sulc 14.50 0.0165 15.5 6.05 3.75
2170 S 8D MIM Inrxa fagi 21.50 0.0363 5.40 1.20 
2171 S 8D MIW Incga fagi 7.70 0.0047 4.40 2.80
2172 M 8D C.T Mori amer 8.30 0.0054 2.82 0.50 
2173 M 8D CAPP Mori amer 9.00 0.0064 2.71 0.702174 M 8D CAPP Mori amer 5.70 0.0026 10.3 2.50 0.65
2175 S 8D MIMO Inga fagi 5.90 0.0027 2.76 2.25 
2176 S 8D MIM'Inga fagi 6.60 0.0034 1.90 4.05 
2177 S 8D BORA Cord sulc 8.00 0.0050 11.5 1.92 4.35
2178 M 8D NIM Inga fagi 5.60 0.0025 1.56 4.75
2179 M 8D MIM Inga fagi 8.00 0.0050 1.45 4.75
2180 S 8D MALP Byrs cori 20.50 0.0330 0.32 5.25
2181 S 8D BORA Cord alli 17.30 0.0235 18.5 0.75 6.35 
2182 S 8D MALP Byrs cori 12.70 0.0127 15.8 1.90 7.30 
2183 S 8D MYRT Pime race 9.60 0.0072 6.20 6.20
2184 S 8D MYRT Pire race 8.60 0.0058 8.10 9.25
2185 S 8D MALP Byrs cori 24.70 0.0479 3.95 9.65
2186 S 8D BORA Cord coli 5.10 0.0020 9.65 4.15
2187 S 8C MIMD Inga fagi 9.70 0.0074 7.82 1.20
2188 S 8C MIM Inga fagi 5.30 0.0022 6.90 2.50
2189 S 8C MALP Byrs cori 13.90 0.0152 8.25 3.10
2190 S 8C MALP Byrs cori 7.20 0.0041 8.04 3.70
2191 S 8C MIMD Inga fagi 11.60 0.0106 8.33 4.10
2192 S 8C BIGN Tabe hete 5.10 0.0020 6.38 8.95 7.25 
2193 S 8C BIGN Tabe hete 5.50 0.0024 8.81 7.40
2194 S 8C MIMD Inga fagi 6.70 0.0035 9.40 9.70
2195 S 8C FABA Andi iner 6.30 0.0031 9.51 8.05 9.55
2196 S 8C MM Inga fagi 6.50 0.0033 5.55 8.05
2197 S 8C MIMO Inga fagi 6.60 0.0034 4.60 8.40
2198 S 8C FLAC Case guia 6.60 0.0034 11.5 4.16 8.70
2199 S 8C FLAC Case guia 8.40 0.0055 11.5 4.10 8.90 
2200 S 8C MIM Inga fagi 12.80 0.0129 3.30 9.60
2201 S 8C FIAC Case guia 8.80 0.0061 10.0 3.82 4.85
2202 S 8C MALD Byrs cori 20.30 0.0324 1.82 4.05 
2203 S 8C BORA Cord sulc 9.60 0.0072 12.1 1.52 4.35
2204 S 8C lAUR Ocot cori 7.30 0.0042 2.26 2.30
2205 S 8C MIM Inga fagi 9.80 0.0075 2.00 1.10
2206 S 8C MIM Inga fagi 10.00 0.0079 2.82 1.75 
2207 S 8C STER Guaz ulmi 29.90 0.0702 15.8 2.55 3.00 
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APPENDrX I. (Continued) 
2208 S 8B OIEA Lino cari 6.20 0.0030 7.29 8.75 3.10 
2209 S 8B MIM Inga fagi 14.90 0.0174 9.35 5.90 
2210 S 8B IUBI Fara occi 5.10 0.0020 6.07 8.30 6.20 
2211 S 8B OIEA Lino cari 6.00 0.0028 7.54 5.70 
2212 S 8B NYCr Guap frag 27.40 0.0590 7.32 6.85 
2213 S 8B OIEA Lino cari 7.90 0.0049 6.70 9.50 DEAD 7/86 
2214 S 8B CAPP Capp indi 6.30 0.0031 3.50 8.90 WIII 2/8 
2215 S 8B NYCT Guap frag 5.80 0.0026 2.25 8.70 
2216 S 8B BORA Bour succ 10.10 0.0080 6.68 5.62 7.80 
2217 M 8B NYCT Guap frag 5.40 0.0023 0.30 7.85 
2218 M 8B NYCr Guap frag 11.50 0.0104 0.25 7.75 
2219 S 8B OLEA Lino cari 5.20 0.0021 2.61 5.75 
2220 S 8B PHYT Tric octa 6.30 0.0031 3.21 4.80 
2221 M 8B FIAC Case guia 10.60 0.0088 11.5 5.04 4.95 
2222 M 8B FLAC Case guia 7.70 0.0047 5.8S 6.05 
2223 S 8B OIEA Lino cari 6.50 0.0033 4.F0 3.05 
2224 S 8B OLEA Lino cari 7.90 0.0049 11.5 5.64 1.07 
2225 M 8B RUTA Amyr elem 7.40 0.0043 7.59 6.52 2.40 
2226 M 8B IUEA Amyr elem 7.80 0.0048 6.85 2.60 
2227 S 8B NYCT Guap frag 8.20 0.0053 11,2 6.95 2.70 
2228 S 8B OLEA Lin carl 5.30 0.0022 3.88 2.05 
2229 M 8B OLA Lin- -ri 5.40 0.0023 2.52 2.90 
2230 M 8B OIEA Lino car 6.70 0.0035 2.66 2.85 
2231 S 8B OLEA Lino carl 6.00 0.0028 1.65 2.75 
2232 S 8B OLEA Lino carl 6.60 0.0034 1.68 2.95 
2233 M 8B OLEA Lino carl 7.80 0.0048 2.30 1.50 
2234 M 8B OLEA Lino carl 6.30 0.0031 2.42 1.40 
2235 S 8B NYCT Guap frag 5.40 0.0023 3.05 0.70 
2236 M 8A MORA Ficu trig 25.40 0.0507 8.4 3.20 
2237 M 8A MORA Ficu trig 32.00 0.0804 11.5 8.70 2.80 
2238 M 8A MRA Ficu trig 33.00 0.0855 9.45 3.05 
2239 S 8A OLEA Lino cari 5.50 0.0024 9.95 6.00 
2240 S SA NYCr Guap frag 8.80 0.0061 9.20 6.25 
2241 M 8A CAPP Capp indi 6.60 0.0034 8.82 6.10 
2242 M 8A CAPP Capp indi 5.30 0.0022 6.38 8.82 6.40 
2243 S 8A OLA Lino cari 4.60 0.0017 7.30 7.10 
2244 S 8A OIEA Ldno cari 6.90 0.0037 7.98 7.60 
2245 S 8A OIEA Lino cari 6.20 0.0030 2.00 9.10 DEAD 3/86 
2246 M 8A CAPP Mori amer 6.20 0.0030 3.50 8.90 WTRW 2/87 
2247 M 8A CAPP Mori amer 5.90 0.0027 3.00 8.80 
2248 S. 8A OLEA Lino cari 7.40 0.0043 0.50 7.25 
2249 S 8A BORA Cord alli 16.30 0.0209 3.25 6.80 
2250 S 8A MYRF Euge mont 10.40 0.0085 2.95 5.80 
2251 S 8A OLEA Lino cari 9.70 0.0074 2.72 6.90 DEAD 7/86 
2252 S 8A OEA Lino cari 6.40 0.0032 3.40 6.10 
2253 S 8A MYRT Euge mont 12.60 0.0125 4.97 6.30 
2254 S 8A OIEA Lino cari 6.90 0.0037 4.92 5.40 
2255 S 8A OLEA Lino cari 5.70 0.0026 5.40 3.20 
2256 S 8A OIEA Lino cari 7.70 0.0047 5.62 3.30 
2257 M 8A CAPP Mori amer 9.50 0.0071 7.59 5.82 3.50 
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2258 M 8A 
CAPP Mori amer 5.00 0.0020 5.75 3.70

2259 M 8A 
CAPP Mori amer 6.80 0.0036 6.67 3.25

2260 M 8A CAPP Capp cyrv3 6.20 0.0030 4.86 7.05 2.30
2261 M 8A 
CAPP Capp cyno 6.60 0.0034 7.85 2.65

2262 M 8A 
NYCT Guap frag 42.90 0.1445 7.99 0.25

2750 M 8A 
NYCr Guap frag 13.50 0.0143 8.32 0.21

2263 S 8A 
OIFA Lino cari 9.70 0.0074 4.15 0.90

2264 S 8A NYCr Guap frag 14.40 0.0163 2.30 1.40
 
2265 S 8A 
RHAM Krug ferr 10.30 0.0083 7.29 1.45 1.90

2266 S 8A 
MIMD Acac muri 20.70 0.0337 0.57 1.75

2267 M 8A 
CFLA Mayt elli 13.00 0.0133 12.1 0.82 0.80

2263 M 8A 
CELA Mayt elli 19.10 0.0287 0.82 0.65
2269 M 8A 
LELA MayL elli 23.60 0.0437 0.82 0.50

2270 M BA 
CELA Mayt elli 11.50 0.0104 0.79 0.20

2271 M 9A 
CLUS Clus rose 31.80 0.0794 12.4 1.15 2.10 
 VINE
2271aM 9A CLLJS Clus rose 
7.50 0.0044 1.42 1.40
2751 b4 9A 
CLUS Clus rose 12.40 0.0121 1.87 3.10

2272 S 9A OLEA Lino cari 
6.60 0.0034 1.42 1.40

2273 S 9A RHAM Krug ferr 
5.00 0.0020 7.29 2.45 0.04
2274 S 9A LAUR Ocot cori 
5.40 0.0023 2.70 2.05

2275 S 9A 
LAUR Ocot cori 6.00 0.0028 2.45 4.05 
2276 S 9A NYCr Guap frag 
6.40 0.0032 1.46 4.20

2277 S 9A OIEA Lino cari 
7.60 0.0045 1.92 5.35

2278 S 9A FIAC Casa guia 
7.50 0.0044 8.51 1.01 7.05
 
2279 S 9A MYR' Pime race 
6.20 0.0030 0.78 7.95

2280 S 9A OLEA Lino cari 
5.00 0.0020 5.77 1.19 7.55

2281 S 9A 
VERB Cith frut 13.00 0.0133 13.3 1.21 7.65 SICK 3/86
2282 S 9A MYRW Pime race 
5.20 0.0021 2.75 5.20

2283 S 9A RHAM Krug ferr 
9.00 0.0064 8.51 3.40 4.30

2284 S 9A NYCr Guap frag 10.00 0.0079 2.80 7.15
 
2285 S 9A MYRS Ardi obov 

2286 S 9A NYCr Guap frag 

5.60 0.0025 2.90 9.00 
9.50 0.0071 4.25 6.90 SICK 3/86


2287 S 9A OLEA Lino cari 
6.70 0.0035 6.06 2.30

2288 S 9A 
BORA Pour suco 16.20 0.0206 8.51 6.10 2.45 SICK 3/86
2289 S 9A NiCr (uai frag 7.70 0.0047 1.50 6.72
2290 S 9A 
CAPP C'app cyno 10.00 0.0079 4.55 8.22 0.07

2291 S 9A NYCT Guap frag 8.40 0.0055 8.76 0.21

2292 S 9A 
NYCr (A.ap frag 14.90 0.0174 9.22 0.15

2293 S 9A 
VERB Cith frut 12.10 0.0115 7.59 9.52 2.70

2294 S 9A NYCf Guap frag 
7.40 0.0043 5.30 3.80

2295 S 9A FABA Sabi flor 
6.50 0.0033 6.38 6.09 4.10

2296 S 9A 
NYCT Guap frag 24.30 0.0464 8.62 4.55

2297 S 9A NYCr Guap frag 17.00 0.0227 6.45 8.20

2298 S 9A 
NYCT Guap frag 5.20 0.0021 7.10 7.50

2299 S 9A IAUR Ocot cori 
6.00 0.0028 9.01 7.65
 
2300 S 9A 
PALM Cocc alta 9.00 0.0064 12.7 4.50 8.85

2301 S 9B NYCT Guap frag 
7.90 0.0049 0.82 0.75

2302 S 9B 
CAPP Capp cyno 9.70 0.0074 1.09 1.25 SICK7/86

2303 S 9B 
MYRS Ardi obov 10.50 0.0087 2.96 0.70 WRW 2/87

2304 M 9B 
LAUR Ocot oori 20.90 0.0343 2.61 2.85
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2305 M 9B LAUR Ocot cori 7.50 0.0044 2.61 3.10 
2306 S 9B MYIS Ardi cdov 9.30 0.0068 8.81 3.35 2.70 
2307 S 9B MIMO Irga fagi 17.30 0.0235 5.21 1.75 
2308 S 9B BORA Cord alli 15.40 0.0186 14.8 7.62 0.56 
2309 S 9B MIMO Ina fagi 9.40 0.0069 8.30 0.40 
2310 S 9B CAPP Capp cyno 6.10 0.0029 5.77 9.30 0.56 
2311 S 9B IAUR Ocot oori 6.70 0.0035 9.85 2.00 
2312 S 9B MIMO Irga fagi 6.50 0.0033 7.90 8.60 2.00 
2313 S 9B MIM Irga fagi 12.70 0.0127 7.55 2.20 
2314 S 9B LAUR Ocot cori 9.60 0.0072 5.85 4.05 
2315 S 9B NYCT Guap frag 5.80 0.0026 5.80 4.15 
2316 M 9B MYRS Ardi obov 5.90 0.0027 0.35 5.70 
2317 M 9B MYRS Ardi obov 9.50 0.0071 0.60 5.15 
2318 S 9B OLEA Lino cari 6.40 0.0032 8.81 3.00 6.45 
2319 S 9B MYRT Pime race 7.40 0.0043 3.20 6.20 
2320 S 9B MIMO Ingja fagi 11.70 0.0108 3.25 6.75 
2321 S 9B MYR Pime race 15.90 0.0199 4.00 7.10 
2322 S 9B MDU Ima fagi 8.50 0.0057 3.25 9.30 
2323 S 9B MTIK Inga fagi 12.40 0.0121 4.95 8.90 
2324 S 9B LAUR Ocot cori 10.30 0.0083 6.80 5.20 
2325 S 9B MIMO Inga fagi 5.30 0.0022 6.60 6.85 
2326 S 9B BORA Cord sulc 11.90 0.0111 13.3 8.05 3.40 
2327 S 9B LAUR Ocot cori v.10 0.0052 9.20 3.00 
2328 S 9B MIMD Inga fagi 6.30 0.0031 8.52 5.80 
2329 S 9B VERB Cith frut 9.10 0.0065 10.6 8.70 9.20 
2752 S 9B RUBI Fara occi 5.10 0.0020 5.77 1.50 7.25 
2330 S 9C MUU Irqa fagi 6.70 0.0035 1.40 0.25 
2331 S 9C BORA Cord sulc 9.70 0.0074 12.4 3.92 0.62 
2332 S 9C MALP Byrs cori 19.80 0.0308 17.9 4.45 0.50 
2333 S 9C M2V Inga fagi 6.50 0.0033 4.85 1.40 
2334 S 9C MYR Pime race 13.60 0.0145 13.0 4.13 2.85 
2335 S 9C MALP Byrs cori 9.40 0.0069 3.62 3.95 
2336 S 9C MIM Inga fagi 14.30 0.0161 1.40 7.70 
2337 S 9C MALP Byrs cori 21.60 0.0366 2.30 8.20 
2338 S 9C MALP Byrs cori 15.60 0.0191 2.20 9.40 
2339 S 9C MIMO Inga fagi 5.50 0.0024 5.01 6.20 
2340 M 9C MALP Byrs cori 18.90 0.0281 5.30 6.35 
2341 M 9C MALP Byrs cori 13.00 0.0133 5.30 6.70 
2342 M 9C MALP Byrs cori 17.90 0.0252 6.40 2.70 
2343 M 9C MALP Byrs cori 15.40 0.0186 6.42 3.00 
2344 S 9C BORA Cord sulc 10.00 0.0079 11.5 1.30 2.95 
2345 S 9C MIMO Inga fagi 7.10 0.0040 10.0 6.25 5.25 
2346 S 9C NYCr Guap frag 5.30 0.0022 8.00 4.55 
2347 M 9C MYRT Pime race 10.20 0.0082 8.20 5.40 
2348 M 9C MYR Pine race 10.70 0.0090 8.20 5.30 
2349 S 9C MID Inga fagi 6.30 0.0031 9.11 8.00 8.35 
2350 S 9C MIM Inga fagi 6.20 0.0030 7.00 8.75 
2351 M 9C MAILP Byrs cori 11.80 0.0109 6.90 8.90 
2352 M 9C MALP Byrs cori 13.00 0.0133 7.15 9.05 
2753 S 9C BICN Tabe hete 5.10 0.0020 7.29 8.85 0.27 
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2353 
2354 

S 
S 

9D 
9D 

NYCr Guap frag 5.20 0.0021 
MIMD Inga fagi 10.90 0.0093 

1.32 
1.25 

0.04 
1.65 

2355 S 9D MIMO Irga fagi 5.70 0.0026 7.59 2.45 7.80 
2356 S 9D MALP Byrs cori 26.50 0.0552 20.6 3.08 9.10 
2357 S 9D MIM Inga fagi 7.30 0.0042 2.95 9.70 
2358 S 9D MAIP Byrs cori 6.90 0.0037 3.60 9.75 
2359 S 9D MIMO fLa fagi 5.10 0.0020 3.15 8.55 
2360 S 9D NIM Inga fagi 5.30 0.0022 3.20 8.15 
2361 S 9D MYIRT Pime race 8.60 0.0058 5.50 8.30 
2362 S 9D MAIP Byrs cori 8.50 0.0057 6.25 9.75 
2363 S 9D lUPA Zant mart 12.50 0.0123 17.3 7.90 9.65 
2364 S 9D STER Guaz ulmi 15.30 0.0184 15.5 9.20 8.60 
2365 
2366 

S 
S 

9D 
9D 

MALP Byrs cori 27.30 0.0585 
RJBI Guet scab 5.50 0.0024 9.72 

7.80 
8.16 

7.35 
7.45 

2367 S 9D MIM Inga fagi 7.00 0.0038 8.30 7.85 
2368 S 9D MIMiJ Inga fagi 7.90 0.0049 8.20 5.90 
2369 S 9D FABA Andi iner 8.10 0.0052 8.51 8.70 3.90 
2370 S 9D MIM Inqa fagi 7.10 0.0040 9.05 2.00 
2371 S 9D MALP Byrs cori 23.00 0.0415 9.10 0.30 
2372 S 9E MALP Byrs cori 18.90 0.0281 0.35 2.50 
2373 S 9E MALP Byrs cori 24.60 0.0475 19.7 1.20 1.30 
2374 S 9E MIM Liga fagi 10.90 0.0093 1.60 1.85 
2375 S 9E MALP Byrs cori 21.30 0.0356 1.79 0.20 
2376 S 9E MIMJ L-a fagi 10.40 0.0085 2.85 1.40 
2377 
2378 

S 
S 

9E 
9E 

NYCT Guap frag 5.70 0.0026 
MIM Inga fagi 19.40 0.0296 

3.40 
5.20 

0.45 SICK 3/86 
0.62 

2379 S 9E MYRT Pime race 11.80 0.0109 5.45 3.55 
2380 S 9E MYRT Pime race 6.20 0.0030 8.81 2.35 6.35 
2381 S 9E MIM Inga fagi 12.90 0.0131 1.90 6.60 
2382 S 9E MYRT Pime race 9.50 0.0071 1.13 9.30 
2383 S 9E STER Guaz ulmi 18.00 0.0254 16.1 2.00 8.40 
2384 S 9E MYR Pime race 16.70 0.0219 4.50 5.60 
2385 S 9E MYRT Pime race 5.40 0.0023 7.65 2.45 
2386 S 9E MYRT Pime race 15.60 0.0191 7.70 3.75 
2387 S 9E BIGN Tabe hete 43.50 0.1486 25.8 8.50 4.50 
2388 S 9E RUA Zant mart 9.30 0.0068 15.8 9.20 4.15 
2389 S 9E MYRT Pime race 6.30 0.0031 8.91 5.80 
2390 S 9E MYRT Pime race 10.40 0.0085 9.90 6.35 
2391 S 9E MYRT Pime race 9.30 0.0068 9.00 8.00 
2392 S 9E MYRT Pime race 6.00 0.0028 7.10 7.15 
2393 S 9E MYRT Pime race 23.60 0.0437 6.70 9.55 
2394 S 9E MYRT Pire race 20.20 0.0320 8.60 9.50 
2395 M 9F MYRT Pime race 24.90 0.0487 1.40 9.30 
2396 M 9F MYRT Pime race 14.10 0.0156 1.55 9.15 
2397 S 9F MYRT Pime race 15.70 0.0194 2.20 9.20 
2398 S 9F MYRT Pime race 5.40 0M0023 0.60 6.50 
2399 S 9F MYRT Pime race 6.00 0.0028 0.35 4.55 
2400 S 9F PIUA Zant mart 9.40 0.0069 15.5 0.40 2.85 
2401 S 9F MYRT Pime race 5.30 0.0022 3.01 2.90 
2402 S 9F RUA Zant mart 9.40 0.0069 19.1 4.85 2.60 
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2403 S 9F ARAL Didy moro 15.90 0.0199 15.5 8.00 0.62 
2404 S 9F 1JBI Fara occi 7.40 0.0043 5.16 7.75 4.30 
2405 S 9F STER Guaz ulmi 20.20 0.0320 17.6 7.70 6.35 
2406 S 9F IAUR Ocot cori 11.80 0.0109 13.3 5.60 7.60 
2407 S 9F MJBIFara occi 5.40 0.0023 3.64 5.95 7.30 
2408 S 9F LAUR Ocot cori 6.90 0.0037 7.40 8.50 
2409 S 9F ARAL Didy moro 12.50 0.0123 15.5 7.85 8.85 
2410 S 9F MYRT Pime race 6.50 0.0033 9.10 8.90 
2411 S 9F MYRT Pime race 9.20 0.0066 8.85 7.05 
2412 S 9F LAUR Ocot cori 11.00 0.0095 12.7 9.60 6.45 
2413 S 9G IJTA Zant mart 5.80 0.0026 9.42 1.20 1.15 
2414 S 9G MIM Iga fagi 9.50 0.0071 4.40 4.30 
2415 S 9G MORA Ficu citr 9.30 0.0068 10.6 4.65 6.80 
2416 S 9G RUBI Fara ocxi 5.00 0.0020 7.29 4.40 7.70 
2417 S 9G M MJ Inga fagi 6.00 0.0050 3.95 7.90 
2418 S 9G RIBI Fara occi 6.00 0.0028 4.55 3.90 8.25 
2419 S 9G MEW IMnga fagi 20.30 0.0324 14.5 4.40 8.95 
2420 S 9G MIM Inga fagi 6.00 0.0028 7.20 4.60 
2421 S 9G MALP Byrs cori 39.20 0.1207 7.05 2.60 
2422 S 9G LAR Ocot cori 8.80 0.0061 7.10 0.50 
2423 S 9G MIM Inga fagi 6.60 0.0034 8.80 1.90 
2424 S 9G STER Guaz ulmi 20.70 0.0337 14.2 8.70 2.60 
2425 S 9G NYCT Guap frag 8.50 0.0057 9.50 2.65 
2426 S 9G MIM Inga fagi 7.70 0.0047 9.30 6.55 
2427 S 9G FIAC Case guia 6.80 0.0036 6.68 8.85 6.90 
2428 S 9G MYRS Ardi obov 6.10 0.0029 7.59 7.30 8.95 
2429 S 9G MM Inga fagi 9.10 0.0065 7.92 8.90 
2430 M 9G MYRT Pime race 6.10 0.0029 8.90 8.80 
2431 M 9G M= Pime race 6.10 0.0029 9.10 8.70 
2432 S 9G MIM Inga fagi 8.70 0.0059 9.25 8.50 
2433 M 9H LAUR Ocot cori 10.20 0.082 1.80 9.25 
2434 M 9H lAUR Ocot cori 11.00 0.0095 1.75 9.45 
2435 S 9H MIM Inga fagi 8.90 0.0062 1.10 4.60 
2436 M 9H MALP Byrs cori 19.20 0.0290 1.85 2.85 
2437 M 9H MALP Byrs cori 23.00 0.0415 1.95 3.00 
2438 S 9H MALP Byrs cori 19.30 0.0293 5.00 4.40 
2439 S 9H MALP Byrs cori 23.20 0.0423 6.00 3.80 
2440 S 9H IAUR Ocot cori 11.10 0.0097 6.40 6.55 
2441 S 9H LUR Ocot cori 12.70 0.0127 7.05 4.90 
2442 S 9H RUBI Guet scab 9.10 0.0065 12.7 8.10 7.10 
2443 M 9H MYRS Ardi obov 12.40 0.0121 7.40 8.05 
2444 M 9H MYRS Ardi obov 8.50 0.0057 7.50 8.05 
2445 M 9H MYRS Ardi obov 5.30 0.0022 7.80 7.90 
2446 M 9H MYRS Ardi obov 8.10 0.0052 7.85 8.20 
2447 M 9H MYRS Ardi obov 8.00 0.0050 9.11 8.00 8.25 
2448 S 9H MYPS Ardi obov 6.10 0.0029 9.90 9.55 
2449 S 91 MYRT Pime race 10.50 0.0087 10.9 0.95 8.45 
2450 S 91 IAUR Ocot cori 6.70 0.0035 9.72 3.20 7.55 
2451 S 91 LAUR Ooot cori 8.60 0.0058 9.72 2.90 6.75 
2452 S 91 MYPS Ardi obov 5.30 0.0022 8.81 0.10 6.85 

68 



APPENDIX I. (Continued)

2453 S 91 
MYRS Ardi cbzov 5.10 0.0020 3.05 5.20

2454 S 91 MYIS Ardi cbov 
5.00 0.0020 1.15 2.40

2455 S 91 MYRT Pimie race 6.00 0.0028 0.50 0.15
 
2456 S 91 NYCT Guap frag 
6.30 0.0031 10.3 1.10 0.10

2457 S 91 
 MW Guet scab 15.90 0.0199 14.2 1.50 0.20

2458 S 91 
MALP Byrs cori 35.90 0.1012 5.55 1.55

2459 S 91 
MYRS Ardi obov 6.20 0.0030 4.70 5.10

2460 S 91 ARAL Didy moro 
7.70 0.0047 9.72 4.80 6.75

2461 S 91 
MALP Byrs cori 10.20 0.0082 5.40 9.50
2462 
S 91 MM Inga fagi 21.50 0.0363 6.05 6.05 SICK 3/86
2463 S 91 
TBEA Tern pedu 12.10 0.0115 11.5 6.30 3.75
 
2464 M 91 
MYRS Ardi obov 5.20 0.0021 5.95 3.60
 
2465 M 91 
MYIRS Ardi ctobv 6.50 0.0033 6.00 3.60

2466 S 91 MYRT Myrc citr 
7.30 0.0042 6.68 7.85 0.85

2467 S 91 MYRT Myrc citr 
5.50 0.0024 6.38 9.80 2.75

2468 S 91 
MALP Byrs cori 11.40 0.0102 9.50 3.75

2469 S 91 MYRT Pine race 
6.40 0.0032 8.40 3.80

2470 S 91 MIM Tnga fagi 13.20 0.0137 8.90 7.45

2471 S 91 
MALP Byrs cori 15.40 0.0186 9.80 7.45

2472 S 91 MIND Inga fagi 
5.30 0.0022 9.75 7.25
 
2473 S 91 
MYRS Ardi obov 6.50 0.0033 0.75 0.45
2474 S 9J 
AQUI Ilex urba 19.20 0.0290 2.00 8.95 SICK 7/86

2475 S 9J MYR 
Myrc citr 6.70 0.0035 8.20 2.15 8.50

2476 S 9J MIMO Inga fagi 
8.20 0.0053 3.00 3.75

2477 S 9J 
AQUI Ilex urba 14.80 0.0172 12.7 1.95 2.65
 
2478 S 9J 
BIGN Tabe hete 37.10 0.1081 16.1 2.15 2.20

2479 S 
 9J MYRS Ardi obov 7.60 0.0045 0.95 0.15

2480 S 9J MYRT Pime race 
5.90 0.0027 2.25 0.60

2481 S 9J 
MYRT Pine race 10.00 0.0079 3.35 1.90
 
2482 S 9J 
MALP Byrs cori 17.90 0.0252 3.95 1.25

2483 S 9 
 MALP Byrs cori 15.30 0.0184 4.90 2.35

2484 S 9 MYRP Pime race 
6.20 0.0030 4.45 4.25

2485 S 9 
 MYRT Pime race 11.20 0.0099 4.60 5.25

2486 S 95 MIMD Inga fagi 
9.20 0.0066 5.00 5.10

2487 S 
 9J MYRT Pine race 5.20 0.0021 4.20 8.30
 
2488 S 9J 
MALP Byrs cori 13.90 0.0152 4.45 8.20
 
2489 S 9J MIM Inga fagi 10.10 0.0080 5.80 6.65

2490 S 9J 
MALP Byrs cori 26.50 0.0552 14.2 8.00 5.60

2491 S 9J M1LP Byrs oori 
9.20 0.0066 7.70 3.65
 
2492 S 9J 
MIM Inga fagi 6.30 0.0031 8.25 4.20
2493 S 9J MIM Inga fagi 5.20 0,,1021 8.45 4.00
2494 S 9J M l 
Byrs cori 18.40 0.0266 6.15 2.15

2495 S 9J MfMO Inga fagi 
6.00 0.0028 7.35 1.80 SICK 3/86

2496 S 9J 
MYRT Myrc citr 5.10 0.0020 6.38 8.15 7.05
 
2497 S 9J MIM Inga fagi 
 5.00 0.0020 2.25 9.05

2498 S 9J 
MALP Byrs cori 13.50 0.0143 8.65 8.40

2499 S 9J OLEA Lino cari 
9.30 0.0068 9.70 8.50
 
2754 S 9J MYRT Myrc citr 5.00 0.0020 6.50 4.60

2755 S 9J MYRT Pime race 
5.00 0.0020 6.70 1.50

2500 S 
 10J AQUI Ilex urba 12.40 0.0121 11.5 9.40 9.50
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2501 S 
2502 S 
2503 S 
2504 S 
2505 S 
2506 S 
2507 S 
2508 S 
2509 S 
2510 S 
2511 S 
2512 S 
2513 S 
2514 M 

2515 M 

2516 M 

2517 M 

2518 S 

2519 S 

2520 S 

2521 S 

2522 S 

2523 S 

2524 S 

2525 S 

2526 S 

2527 S 

2528 S 

2529 S 

2530 S 

2531 S 

2532 S 

2533 S 

2534 S 

2535 S 

2536 S 

2537 S 

2538 M 

2539 M 

2540 S 

2756 S 

2541 S 

2542 M 

2543 M 

2544 S 

2545 S 

2546 S 

2547 S 

2548 S 

2549 S 


10J MYRI Pime race 11.60 0.0106 

10J NYCr Guap frag 5.80 0.0026 

10J MIM Inga fagi 5.90 0.0027 

10J BIG Tabe here 7.80 0.0048 11.2 

10J MYRT Pine race 7.00 0.0038 

10 MYRT Pime race 6.80 0.0036 

10J ARAL Didy moro 17.50 0.0241 15.1 

10J MIM Inga fagi 7.40 0.0043 

103 MIMD Inga fagi 10.00 0.0079 

10J AQUI Ilex urba 6.00 0.0028 7.90 

103 MIM Inga fari 6.00 0.0028 

10J NYCT Guap frag 9.70 0.0074 8.81 

1J NYCT Guap frag 9.30 0.0068 

10J MYR Pime race 10.60 0.0088 

10J MYRT Pime race 7.20 0.0041 

10J MYRT Pime race 5.10 0.0020 

10J MYRT Pime race 5.40 0.0023 

10J MYRI Piine race 7.40 0.0043 

10J MYRT Pime race 7.10 0.0040 

10J MYPT Pime race 8.40 0.0055 

10J MYIRS Ardi obov 5.50 0.0024 6.38 

10J MALP Byrs cori 12.90 0.0131 

10J NYC Guap frag 16.30 0.0209 

10J BIGN Tabe hete 12.20 0.0117 12.4 

103 MIMO Acac muri 17.80 0.0249 17.3 

10J MALP Byrs cori 11.20 0.0099 

10J MALP Byrs cori 6.20 0.0030 

10J THEA Tern ped 15.00 0.0177 10.3 

10J MALP Byrs cori 17.20 0.0232 

1M3 MIM Inga fagi 11.10 0.0097 

103 MYR Pime race 5.50 0.0024 
10J MYRT Myrc citr 6.80 0.0036 6.07 
10J MALP Byrs cori 8.30 0.0054 
10J MYPT Pime race 6.40 0.0032 
10J MYRT Pime race 5.60 0.0025 
103 BIGN Tabe hete 7.60 0.0045 10.6 
10J MYRS Ardi obov 9.60 0.0072 
103 CEIA Mayt elli 10.10 0.0080 
10J CEIA Mayt elli 18.00 0.0254 11.2 
103 B1GN Tabe hete 18.10 0.0257 
103 NYCT iuap frag 5.20 0.0021 
10I CAPP Capp cyno 9.60 0.0072 7.59 
10I CAPP Capp cyno 7.70 0.0047 
10I CAPP Capp cyno 5.90 0.0027 4.25 
10I MYR Pime race 5.80 0.0026 
10I BIGN Tabe hete 22.10 0.0384 20.0 
10I BIGN Tabe hete 23.60 0.0437 
10I MALP Byrs cori 15.50 0.0189 
10I MALP Byrs cori 10.30 0.0083 
10I MYRS Ardi obov 5.10 0.0020 8.20 
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APPENDIX I. (Continued)

2550 S 
 10I MAIP Byrs cori 20.10 0.0317 

2551 S 
 10I MIM Inga fagi 12.20 0.0117 

2552 S 
 10I NYCT Guap frag 6.00 0.0028 

2553 S 10I MYR Pime race 
5.30 0.0022 

2554 S 10I MYRP Pime race 
6.20 0.0030 

2555 S 
 10I MALP Byrs cori 20.20 0.0320 

2556 S 10I MYRT Myrc citr 
5.60 0.0025 6.38 

2557 S 
 10I BIGN Tabe hete 26.80 0.0564 

2558 S 
 10I lAUR Ocot cori 10.80 0.0092 9.42 

2559 S 
 10I MALP Byrs cori 5.70 0.0026 

2560 S 10I MYRS Ardi cbov 
5.10 0.0020 

2561 S 10I MYRT Myrc citr 
5.60 0.0025 8.81

2562 S 
 10I NYCr Guap frag 5.70 0.0026 

2563 S 
 10I MALP Byrs cori 14.40 0.0163 

2564 M 
 10I lAUR Ocot cori 8.70 0.0059 

2565 M 
 10I IAJR Ocot cori 5.00 0.0020 

2566 S 
 10I MYRS Ardi obov 6.20 0.0030 

2567 S 
 10I MYRS Ardi obov 11.10 0.0097 

2568 M 10I MYIRS Ardi obov 
7.50 0.0044 

2569 M 10I MYRS Ardi obov 
5.10 0.0020 

2570 S 10I MIMD 
 Imga fagi 12.30 0.0119 

2571 S 10I MYRT Myrc citr 
8.10 0.0052 9.72 

2572 M 10I AQUI Ilex urba 
6.00 0.0028 

2573 M 
 10I AQUI Ilex urba 5.00 0.0020 9.11 

2574 M 
 10H MALP Byrs cori 22.70 0.0405 

2575 M 10H MAILP Byrs cori 8.20 0.0053 

2576 S 
 10H BIGN Tabe hete 31.20 0.0765 

2577 S 
 10H MYRS Ardi obov 8.00 0.0050 

2578 S 
 10H MYRS Ardi obov 7.30 0.0042 

2579 S 10H MI 
 Irqa fagi 15.50 0.0189 

2580 S 
 10H MYRS Ardi obov 7.50 0.0044 

2581 S 
 10H THEA Tern pedu 17.40 0.0238 9.72 

2582 S 
 10H IAUR Ocot cori 8.80 0.0061 

2583 M 
 10H MYRS Ardi obov 4.80 0.0018 

2584 M 
 10H MYRS Ardi obov 5.60 0.0025 

2585 S 
 10H MALP Byrs cori 20.70 0.0337 

2586 S 
 10H MYRS Ardi obov 6.00 0.0028 7.29 

2587 S 10H NYCI' Guap frag 30.60 0.0735 

2588 S 
 10H EUPH Dryp alba 6.00 0.0028 

2589 M 
 10H MALP Byrs cori 20.40 0.0327 

2590 M 
 10H MALP Byrs cori 15.90 0.0199 

2591 S 
 10H LAUR Ocot cori 10.40 0.0085 

2592 S 10H IAUR Ocot cori 
9.80 0.0075 

2593 M 10H LAUR Ocot cori 
6.10 0.0029 

2594 M 10H IAUIR Ocot oori 
6.30 0.0031 

2595 5 10H MALP Byrs cori 13.90 0.0152 

2596 S 
 10H MYRS Ardi obov 7.60 0.0045 

2597 S 
 10H MIU Inga fagi 5.40 0.0023 

2598 S 10HMM Inga fagi 
5.50 0.0024 

2599 S 
 lOG MALP Byrs cori 26.00 0.0531 
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APPENDIX I. (Continued) 
2600 S lOG MMD Inga fagi 5.30 0.0022 
2601 S lOG MALP Brs cori 32.30 0.0819 
2602 S lOG MYRS Ardi oov 6.50 0.0033 
2603 S lOG STER Guaz ulmi 14.70 0.0170 12.7 
2604 S lOG MYRS Ardi obov 6.00 0.0028 
2605 S lOG MIW Inga fagi 15.40 0.0186 
2606 S lOG RUBI Fara occi 5.70 0.0026 
2607 S lOG EUJPH Dryp alba 7.80 0.0048 
2608 S lOG BIGN Tabe hete 6.50 0.0033 
2609 S lOG MYRT Pine race 5.90 0.0027 
2610 S 10G SER Guaz ulmi 23.90 0.0449 16.4 
2611 S lOG MIV IrND 16.90 0.0224a fagi 

2757 S 10G 14JBT Fara oci. 5.00 0.0020 

2612 S 1OF MIM Inga fagi 9.60 0.0072 

2613 S 1OF BORA Bour succ 6.80 0.0036 10.6 
2614 S 1OF MIMD Ina fagi 10.40 0.0085 
2615 S 1OF MYRIT Pime race 22.80 0.0408 
2616 S 1OF RUBI Fara cci 6.50 0.0033 4.86 
2617 S 1OF MIM Inga fagi 9.90 0.0077 
2618 S 1OF MALP Byrs cori 29.60 0.0688 
2619 S 1OF MDiv? Ina fagi 29.90 0.0702 
2620 M 1OF BORA Cord sulc 6.70 0.0035 9.72 
2621 M 1OF BORA Cord sulc 6.00 0.0028 
2622 S 1OF LAUR Ocot cori 5.60 0.0025 
2623 S 1OF MYIR Pime race 19.30 0.0293 
2624 S 1OF MIM Inga fagi 6.10 0.0029 
2625 S 1OF NYCr Guap frag 5.80 0.0026 
2626 S 1OF OLEA Lino cari 6.30 0.0031 
2627 S 1OF RUBI Fara occi 5.70 0.0026 
2628 S 10E MYR Pime rac.- 19.60 0.0302 
2629 S 10E MIM Ina fagi 6.10 0.0029 
2630 S 10E STER Guaz ulmi 12.70 0.0127 
2631 S 10E STER Guaz ulmi 24.50 0.0471 19.7 
2632 M 10E MID Ina fagi 11.70 0.0108 
2633 M 10E MIM Inga fagi 18.80 0.0278 
2634 S 10E MALP Byrs cori 6.30 0.0031 
2635 S 10E EUPH Dryp alba 5.20 0.0021 4.86 
2636 M 10E ANAC Mang indi 7.60 0.0045 
2637 M 10E ANAC Mang indi 16.30 0.0209 10.3 
2638 S 10E MYRT Pime race 11.40 0.0102 
2639 S 10E MYR Pime race 18.70 0.0275 
2640 S 10E RUA Zant mart 15.90 0.0199 18.5 
2641 S 10D MYRT Pime race 7.60 0.0045 
2642 S 10D ANAC Mang ixii 5.10 0.0020 3.64 
2643 S 10D ARAL Didy moro 14.30 0.0161 13.9 
2644 S 10D STER Guaz ulmi 17.10 0.0230 16.4 
2645 S 10D MIM Inga fagi 7.90 0.0049 
2646 S 10D UJPH Dryp alba 7.00 0.0038 10.0 
2647 S 10D MIM Inga fagi 8.40 0.0055 
2648 S 10D FLAC Case guia 9.20 0.0066 14.2 
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APPENDIX I. (Continued)

2649 S 10D MALP Byrs cori 
9.40 0.0069 

2650 S 
 10D MYRT Pime race 15.40 0.0186 

2651 S 10D MIM Inga fagi 10.50 0.0087 

2652 S 
 10D IAUR Ocot cori 7.90 0.0049 

2653 S 
 10D MIMO Irga fagi 6.70 0.0035 

2654 S 
 10D MrA Zant mart 22.50 0.0398 20.0 

2655 S 10D MIM Inga fagi 
8.70 0.0059 

2656 S 
 10D FABA Andi iner 7.70 0.0047 7.90 

2657 S 
 10C IAUR Ocot cori 9.50 0.0071 

2658 S 10CMIYRT Pime race 
7.40 0.0043 

2659 S 
 10C MIM Inga fagi 10.00 0.0079 

2660 S 10C MIE Inga fagi 
9.10 C.0065 

2661 S 
 10C SAlO Pout mult 10.90 0.0093 14.5 

2662 S 10C MALP Byrs cori 23.20 0.0423 

2663 S 
 10C MIM Inga fagi 29.80 0.0697 

2664 S 
 10C MIM Acac muri 8.30 0.0054 13.0 

2665 S 
 10C MALP Byrs cori 7.60 0.0045 

2666 S 
 10C MALP Byrs cori 15.80 0.0196 

2667 S 
 10C MALP Byrs cori 7.20 0.0041 

2668 S 
 10C MID Inga fagi 5.50 0.0024 8.20 
2669 S 10C MIM Inga fagi 6.80 0.0036 

2670 S 10C MALP Byrs cori 12.80 0.0129 

2671 S 
 10C STER Guaz ulmi 20.30 0.0324 14.5 

2672 S 
 10C MYRT Pime race 14.00 0.0154 

2673 S 
 10C MIM0 Inga fagi 6.00 0.0028 

2674 S 
 10C MALP Byrs cori 16.90 0.0224 

2675 S 
 10B BORA Cord sulc 5.60 0.0025 8.20 

2676 S 
 10B ARAL Didy moro 19.70 0.0305 16.7 

2677 S 
 10B MYRS Ardi obov 6.00 0.0028 

2678 S 10B MIM Inga fagi 
9.30 0.0068 

2679 S 
 10B MYRS Ardi obov 9.70 0.0074 

2680 S 
 10B MYRT Pime race 8.60 0.C38 10.6 

2681 S 
 10B MYRS Ardi obov 9.90 0.0077 

2682 S 
 10B OLEA Lino cari 25.50 0.0511 16.4 

2683 S 
 10B MIM Inga fagi 8.60 0.0058 

2684 S 
 10B MYRS Ardi obov 6.30 0.0031 

2685 S 10B MI4D Inga fagi 
 5.40 0.0023 

2686 S 
 10B MALP Byrs cori 11.90 0.0111 

2687 S 
 10B MYRS Ardi obov 10.60 0.0088 9.11 

2688 S 
 10B LAUR Ocot cori 10.60 0.0088 

2689 M 
 10B MYRS Ardi obov 11.50 0.0104 

2690 S 
 10B BORA Cord coll 9.50 0.0071 10.0 

2690 M 
 10B MYRS Ardi obov 5.60 0.0025 

2692 S 
 10B MYIT Pime race 6.90 0.0037 

2693 S 
 10B OLEA Lino cari 13.80 0.0150 11.2 

2694 S 10A MIMD Inga fagi 14.40 0.0163 

2695 S 
 10A LAUR Coot cori 7.10 0.0040 9.42 

2696 S 10A MYRF 
 Euge mont 7.50 0.0044 7.90 

2697 S 
 10A ,IAC Case deca 6.70 0.0035 7.59 

2698 S 
 10A MYRS Ardi obov 7.30 0.0042 5.47 
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APPENDIX I. (Continued) 
2699 S IOA NYCr Guap frag 6.80 0.0036 6.55 2.81 
2700 S 10A MYRS Ardi obov 8.10 0.0052 6.20 4.39 
2701 S 10A MYRS Ardi cbov 6.30 0.0031 7.29 6.10 4.41 
2702 S 10A NM Inga fagi 9.90 0.0077 3.50 7.42 
2703 S 10A STER Guaz ulmi 17.10 0.0230 12.1 2.50 8.35 
2704 S 10A MIE Inga fagi 6.10 0.0029 3.50 4.54 
2705 S 10AAIAUR Ocot cori 10.10 0.0080 8.81 1.85 4.21 
2706 S 10A FIAC Case guia 6.20 0.0030 8.51 1.20 3.90 
2707 M 10A NYCT Guap frag 5.90 0.0027 1.40 1.55 
2708 M 10A NYCT Guap frag 8.90 0.0062 1.35 0.92 
2709 M 10A NYCT Guap frag 8.10 0.0052 9.42 1.20 0.90 
2710 S 10A MYRS Ardi obov 6.40 0.0032 4.90 0.65 
2711 S 10A LALTR Ocot cori 7.10 0.0040 3.10 6.61 

2348 31.08 
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DAM SHEETS FOR ST. JOHN FREST DYNAMICS SIUDY APPENDIX II. 
Date: August, 1987 
Plot Number: 2(1A-5J)
Plot Locale: L'Esperance
 

TAG SI1 SPLT FAM SPECIES DEHB5 BA AREA MSr X Y STATS
1 S 1A MYR Euge mcTnt 7.20 0.0040 7.9 0.45 2.14 
3 S IA RUBI Guet scab 13.90 0.0151 1.58 2.29 
4 S 1A I&B Fara occi 5.50 0.0023 5.5 2.78 2.40
 
5 S IA SAPO Chry pauc 8.10 0.0051 3.98 0.56

6 S 1A SAPO Chry pauc 11.10 0.0096 4.09 3.62
 
7 S IA EYT Eryt rotu 6.00 0.0028 2.08 5.88
 
8 S 1A MYRS Ardi obov 7.20 0.0040 0.53 8.58
 
9 S 1A RBI Guet scab 9.50 0.0070 1.40 9.50
 

10 S 1A ERYT Eryt rotu 6.20 0.0030 4.10 8.40
 
11 S 1A MIMD Irga fagi 31.00 0.0754 4.40 7.60
 
12 S ERYT Eryt rotu
1A 6.20 0,0030 5.92 9.65
 
13 S 1A '14YM Daph amer 9.30 0.0067 6.17 8.75
 
14 S IA 
SAPO Chry pauc 5.30 0.0022 9.20 9.60
 
15 S 1A BORA Cord alli 12.50 0.0122 8.5 9.10 8.70
 
16 S IA ILW Guet scab 
6.90 0.0037 6.50 7.65
 
17 S IA RUBI Guet scab 5.90 0.0027 9.7 6.58 7.76
 
18 S IA MYR Myc citr 9.30 0.0067 7.60 6.10
 
19 S 1A 
MYRS Ardi obov 6.00 0.0028 6.78 4.73
 
20 S IA FLAC Case sylv 6.80 0.0036 4.3 7.62 4.82
 
21 S 1A LAM Ocot cori 
5.50 0.0023 9.40 6.02
 
22 S 1A FABA Andi ine 
 6.30 0.0031 3.0 8.89 2.90
 
23 S 1A ITUR Ocot cori 
7.40 0.0043 5.28 2.47
 
24 S IA SAPO Chry pauc 6.00 0.0028 4.98 0.65
 
25 S 1A THM Daph amer 9.20 0.0066 6.1 5.01 1.17
 
26 S IA FABA Ardi iner 9.50 0.0070 9.80 2.90
 
27 S 1A IAUR Ocot cori 
8.00 0.0050 7.3 8.89 0.99

28 S lB MYRS Ardi obov 
5.40 0.0022 1.80 0.40
 
29 S 3B MYMS Ardi obov 8.;20 0.0052 1.75 0.80

30 S 3B FIAC Case guia 6.50 0.0033 5.2 4.70 0.05
 
31 S 1 MYRS Ar_ i obov 6.40 0.0032 4.85 0.15
 
32 S 1B NYCr Guap frag 30.40 0.0725 4.9 5.45 2.35
 
33 S 1B MYRS Ardi obov 
8.60 0.0058 6.7 5.95 2.26
 
34 S 1B SAPO Chry pauc 5.80 0.0026 2.92 3.04
 
35 S IB SAPO Chry pauc 5.70 0.0025 7.3 3.85 3.70

36 S 1B 
MYRS Ardi obov 9.60 0.0072 4.21 4.53
 
37 S 1B MYRS Ardi obov 5.50 0.0023 1.63 3.40
 
38 S 1B MYRT Myrc flor 8.20 0.0052 7.0 0.90 8.75
 
39 S 1B MYRS Ardi obov 
8.60 0.0058 0.83 9.68

40 S 1 MYRS Ardi obov 
8.10 0.0051 9.26 8.90
 
41 S 1 MY3S Ardi obov 
9.50 0.0070 5.80 6.55
 
42 S 1 MYRS Ardi obov 
7.40 0.0043 6.50 5.60
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APPENDIX II. (Continued) 
43 S 1B RB Guet parv 5.90 0.0027 4.0 6.97 4.75 
44 S 1B MYRS Ardi obov 7.80 0.0047 5.78 3.36 
45 S 1B SAPO Chry pauc 8.50 0.0056 6.4 9.85 6.11 
46 S 1B MIM Inga fagi 19.30 0.0292 8.42 4.38 
47 S 1B MIMK Inga fagi 14.60 0.0167 7.78 2.72 
48 S 1B MYIRS Ardi obov 8.60 0.0058 8.72 2.90 
49 S lB IAUR Ocot cori 6.40 0.0032 7.90 0.12 
50 S IC MYRS Ardi obov 5.00 0.0019 0.42 1.13 
51 S IC FABA Andi iner 5.50 0.0023 4.9 1.82 0.74 
52 S IC MYRS Ardi obov 5.80 0.0026 2.10 0.67 
53 S IC LAUR Ocot cori 11.30 0.0100 3.31 0.85 
54 S IC MYRS Ardi obov 10.70 0.0089 3.24 1.50 
55 S IC MYRS Ardi cbov 6.70 0.0035 3.68 3.34 
56 S 1C MIND Inga fagi 16.20 0.0206 3.72 7.15 
57 S 1C MYRS Ardi obov 5.40 0.0022 2.51 6.76 
58 S 1C FABA Arxli iner 14.20 0.0158 3.15 7.70 
59 S 1C MIM Inga fagi 12.90 0.0130 1.89 9.30 
60 S 1C MIM Inga fagi 13.70 0.0147 3.70 7.84 
61 S IC SAPO Chry pauc 5.30 0.0022 3.20 9.40 
62 S IC MYRS Ardi obov 5.50 0.0023 3.81 9.92 
63 S IC MYRS Ardi obov 8.30 0.0054 4.70 9.95 
64 S IC MIM4 Inga fagi 11.70 0.0107 8.25 9.53 
65 S IC MIMJ Inga fagi 8.60 0.0058 9.80 9.30 
66 S IC MYRS Ardi obov 5.20 0.0021 9.70 9.00 
67 S IC MYR Myrc citr 6.30 0.0031 5.8 9.30 5.23 
68 S IC SAPO Chry pauc 13.60 0.0145 10.6 5.75 5.27 
69 S IC SAPO Chry pauc 6.20 0.0030 8.07 3.37 
70 S IC MIM Inga fagi 10.40 0.0084 9.42 3.42 
71 S IC MYR Kymj citr 6.60 0.0034 8.20 3.02 
72 S IC SAPO Chry pauc 5.60 0.0024 8.71 1.25 
73 S IC IAUR Ocot cori 12.30 0.0118 8.23 1.45 
74 S IC MIM43 Inga fagi 7.10 0.0039 9.62 1.58 
75 S ID MIMD Ina fagi 8.30 0.0054 0.29 1.38 
76 S ID CAES Hyme cour 40.60 0.1294 1.50 0.20 
77 M ID CAES Hyme cour 29.20 0.0669 21.3 2.94 0.78
 
78 M ID CAES Hyme cour 36.80 0.1063 3.08 1.18
 
79 S ID LAUR Ocot cori 6.00 0.0028 2.50 0.66
 
80 S 3D FABA Andi iner 6.10 0.0029 2.62 3.00
 
81 S 3D SAPI Meli biju 12.80 0.0128 11.2 4.50 3.05
 
82 S ID SAPI Meli biju 8.80 0.0060 8.2 4.52 3.30
 
83 S 3D MYRS Ardi obov 6.50 0.0033 2.74 5.60
 
84 S ID MIMO Inga f-agi 12.70 0.0126 2.56 6.57
 
85 S 1D NYCT Guap frag 5.60 0.0024 0.06 6.64
 
86 S ID MYRS Ardi obov 6.60 0.0034 7.50 8.43
 
87 S ID MYRS Ardi obov 6.90 0.0037 6.38 7.90
 
88 S 1D MYRS Ardi obov 5.10 0.0020 8.90 8.20
 
89 S ID MYRS Ardi abov 8.80 0.0060 6.70 4.18
 
90 S 3D MYRS Ardi obov 6.00 0.0028 8.70 7.12
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91 S ID FABA Ardi iner 
6.10 0.0029 7.9 8.80 4.15

92 S ID 
FABA Ardi iker 15.80 0.0196 7.06 2.00

93 S ID SAPO Chry pauc 
5.60 0.0024 6.64 1.10

94 S ID 
MYRS Ardi oov 7.80 0.0047 8.04 0.64

95 S ID MN Inga fagi 8.70 0.0059 8.50 0.12

96 S ID MYRS Ardi cbov 
6.50 0.0033 9.20 0.30
 
97 S ID 
NYCT Guap frag 44.30 0.1541 16.1 9.55 2.47

98 S IE MYRS Ardi otov 
6.40 0.0032 4.45 0.55

99 S 1E 
MYRS Ardi bov, 7.80 0.0047 4.70 1.50


100 S 1E MYRS Ardi ctov 
8.80 0.0060 3.48 2.90

101 S 
 1E NYCT Guap frag 38.30 0.1152 4.00 3.35

102 S IE 
RUBI Guet scab 11.30 0.0100 13.1 5.21 3.50

103 S IE NYCr Guap frag 11.70 0.0107 4.90 4.10

104 S 1E 
MYRS Ardi obov 6.00 0.0028 1.50 6.00

105 S IE 
NYCT Guap frag 21.50 0.0363 1.55 7.20

106 S 
 1E MINO Ina fagi 6.80 0.0036 0.25 9.25

107 S 1E FABA Andi iner 8.20 0.0052 8.30 9.20

108 S 1E RUBI Guet scab 
8.90 0.0062 10.0 7.60 9.70

109 S 
 1E MYRS Ardi abov 5.60 0.0024 9.90 3.60

110 S 1E MYRS Ardi obov 
5.60 0.0024 9.95 2.90

111 S IE 
CAES Hyme cour 28.80 0.0651 7.00 4.15

112 S IE 
CAES Hyme cour 24.40 0.0467 16.1 6.75 3.90

113 S 1E MYRS Ardi obov 
5.90 0.0027 6.95 2.75

114 S 1E MYRS Ardi obov 
9.80 0.0075 7.25 0.70

115 S IF MYRS Ardi obov 
5.50 0.0023 0.75 0.75

116 S IF MYRS Ardi obov 5.80 0.0026 1.82 1.15

117 S IF 
MYRS Ardi obov 7.70 0.0046 2.75 0.32

118 S IF MYRS Ardi obov 
6.00 0.0028 3.60 1.17

119 S IF FABAAndi iner 
5.80 0.0026 3.3 3.10 1.75

120 S IF MYRS Ardi obov 
8.60 0.0058 4.25 2.40

121 S IF BIGN Thbe hete 
6.50 0.0033 6.1 1.00 3.55
 
122 S IF 
MIN Inga fagi 10.20 0.0081 0.80 4.15

123 S IF 
IAUR Ocot cori 15.70 0.0193 1.80 4.10

124 S IF 
MYRS Ardi obov 10.00 0.0078 4.21 9.35

125 S IF 
NINO Imga fagi 6.40 0.0032 5.90 7.30

126 S IF FABA Andi iner 8.10 0.0051 5.35 5.80
 
127 S IF THYM Daph amer 15.70 0.0193 10.9 6.30 6.90
128 S IF RUTA Zant mart 12.70 0.0126 12.2 6.60 7.10
 
129 S IF FLAC Case guia 
8.20 0.0052 7.0 6.70 9.20
130 S IF THYM Daph amer 5.00 0.0019 7.00 9.50 DEAD 7/86

131 S IF MYRS Ardi obov 
5.50 0.0023 7.3 9.85 9.95

132 S IF 
BORA Cord alli 18.50 0.0268 15.8 8.60 8.05

133 S IF RUBI Fara occi 
5.80 0.0026 4.3 6.35 4.75

134 S IF 
MYRS Ardi obov 10.30 0.0083 6.00 4.05

135 S IF 
RUBI Fara occi 5.90 0.0027 4.6 5.40 3.60

136 S IF 
SAO Chry pauc 10.30 0.0083 5.80 2.20

137 S IF MYRS Ardi obov 
9.50 0.0070 6.55 0.50

138 S IF 
BIGN Tabe hete 14.60 0.0167 11.9 9.82 2.35
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139 S IG MYRS Ardi obov 7.90 0.0049 0.45 2.72 
140 S IG MYRS Ardi abov 5.10 0.0020 0.85 2.87 
141 S IG RU;BI Fara occi 7.90 0.0049 4.6 2o75 2.10 
142 S IG FABA Arndi iner 8.30 0.0054 7.6 3.58 1.60 
143 S IG MYRT Myr flor 8.20 0.0052 8.2 5.00 0.75 
144 S IG MYRr Myrc flor 5.40 0.0022 6.1 5.45 2.50 
145 S IG RUBI Guet parv 5.10 0.0020 4.0 4,75 4.40 
146 S IG LAUR Ocot cori 10.20 0.0081 3.90 5.40 
147 S IG PUBI Guet parv 6.60 0.0034 9.7 2.30 4.30 
148 S IG CAES Hyme cour 42.10 0.1392 1.70 5.00 
149 S IG MYRS Ardi obov 5.80 0.0026 0.45 6.25 
150 S IG BIGN Tabe hete 15.50 0.0188 14.0 0.45 6.62 
151 S IG THYM EDph amer 10.50 0.0086 8.2 0.15 6.62 
152 S IG MIMJ Ina tagi 20.80 0.0339 0.95 7.60 
153 S IG LAUR Ocot cori 7.40 0.0043 2.20 7.40 
154 S IG MIMO Inga fagi 9.80 0.0075 4.45 6.70 
155 S IG RJBI Fara occi 7.90 0.0049 5.5 5.10 7.30 
156 S IG MIMO Inga fagi 10.70 0.0089 6.25 9.75 
157 S IG MYRS Ardi obov 9.80 0.0075 9.70 8.50 
158 S IG BIGN Tabe hete 9.90 0.0076 9.50 7.60 
159 S IG MYRS Ardi obov 11.00 0.0095 7.9 9.40 7.50 
160 S IG MYRS Ardi obov 7.40 0.0043 6.60 7.65 
161 S IG FABA Andi iner 7.20 0.0040 7.80 5.50 
162 S IG BIGN Tabe hete 6.40 0.0032 8.2 8.90 5.60 
163 S IG MIMO Inga fagi 8.50 0.0056 8.75 4.80 
164 S IG FABA Andi iner 5.40 0.0022 9.90 2.65 
165 S IG MYRS Ardi obov 10.00 0.0078 6.70 3.50 
166 S IG RJBI Guet parv 9.50 0.0070 9.7 8.20 2.30 
167 S IG MYRS Ardi obov 9.60 0.0072 3.62 0.40 
168 S IG ERYT Eryt rotu 7.10 0.0039 6.1 9.70 0.30 
169 S IH NYCT Guap frag 12.40 0.0120 2.40 0.12 
170 S 2H FABA Andi iner 9.10 0.0065 5.06 0.06 
171 S 1H MYRS Ardi obov 5.00 0.0019 5.10 0.04 
172 S 1H MYRS Ardi obov 5.10 0.0020 5.80 2.00 
173 S IH BIQN Tabe hete 11.50 0.0103 5.72 2.45 
174 S IH MYRS Ardi obov 7.80 0.0047 3.10 3.00 
175 S IH MYRS Ardi obov 7.70 0.0046 1.30 3.10 
176 S IH MYRS Ardi obov 7.20 0.0040 1.28 4.40 
177 S 1H BORA Cord alli 9.30 0.0067 7.9 0.80 5.70 
178 S IH RUBI Guet scab 5.80 0.0026 2.00 5.10 
179 S IH MYRS Ardi obov 5.20 0.0021 0.10 7.25 
180 S IH MYRS Ardi obov 8.30 0.0054 0.70 8.34 
181 S IH BORA Cord alli 20.40 0.0326 1.95 8.10 
182 S 1H BIGN Tabe hete 16.20 0.0206 7.3 4.05 9.20 
183 S IH BIGN Tabe hete 12.00 0.0113 4.25 7.55 
184 S 1H BURS Burs sima 8.20 0.0052 7.6 4.35 6.75 
185 S 1H IAUR Ocot cori 10.10 0.0080 9.4 4.20 6.65 
186 S IH MYRP Psid anpl 5.50 0.0023 5.00 5.40 DEAD11/85 
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187 S 3H IUBI Guet scab 
5.10 0.0020 5.50 4.55
 
188 S 1H MYRS Ardi cbov 
5.80 0.0026 7.60 7.20

189 S 1H 
BIGN Tabe hete 13.00 0.0132 8.00 7.50

190 S 1H 
MYRT Myrc flor 10.20 0.0081 9.1 8.60 9.35
 
191 S IH MYRW Ardi oov 5.10 0.0020 9.45 9.60

192 S IH BIGN Tabe hate 7.00 0.0038 9.60 9.05 DEAD11/85

193 S 3H MYRlMyrc flor 8.5
6.50 0.0033 8.80 7.35

194 S 3H MYIS Ardi obov 
5.20 0.0021 6.60 4.60

195 S 1H 
MYRS Ardi obov 5.60 0.0024 8.10 5.90
 
196 S IH MYRF Myrc flor 8.10 0.0051 7.3 7.90 4.00

197 S 1H 
MIM)Inga fagi 12.40 0.0120 7.22 3.30

198 S 3H WBI Guet scab 
6.00 0.0028 6.41 2.90

199 S 1H RUBI Guet scab 
5.00 0.0019 7.10 0.76

200 S 3H 
BIGN Tabe hete 8.10 0.0051 7.35 1.80

201 S 3H RUBI Guet scab 7.60 0.0045 8.25 1.55
 
202 S 3H IIYM Daph amer 
7.00 0.0038 5.8 9.40 3.40

203 S 
 3H BIGN Tabe hete 9.80 0.0075 9.60 1.90 DEAD11/85

204 M 1I MYRS Ardi obov 
6.60 0.0034 0.12 0.90

205 M 1I 
MYRS Ardi cbov 7.50 0.0044 0.28 0.88

206 S 11 BIQh Tabe hete 28.70 0.0646 1.80 0.30
 
207 S 1I 
MYRr Myrc flor 6.50 0.0033 8.2 3.90 2.40

208 M 1I RUBI Guet parv 5.80 0.0026 4.00 2.15 SICK 7/86
209 M 1I 1BI Guet parv 
6.90 0.0037 4.10 2.10
 
210 M 
 1I RUBI Guet parv 7.30 0.0041 7.9 4.25 2.20

211 S 1I BORA Cord alli 9.00 0.0063 8.5 2.10 2.65

212 S 1I 
lAUR Ocot cori 14.60 0.0167 1.00 3.95
 
213 S 1I MYRT Myrc flor 
9.50 0.0070 7.9 0.08 5.45

214 S 1I BIGN Tabe hete 8.20 0.0052 1.20 5.65
 
215 S 1I STER Guaz ulmi 20.00 0.0314 10.0 1.71 6.70

216 S 1I MYRT Myrc flor 
7.50 0.0044 1.50 7.95

217 S 1I 
RUBI Guet scab 5.20 0.0021 1.55 7.85

218 S 1I RMJI Guet scab 6.40 0.0032 2.77 8.45
 
219 S iI 
 BIGN Tabe hete 6.10 0.0029 9.7 3.68 9.35

220 S 1I MW Myrc flor 
6.10 0.0029 3.85 9.45
 
221 S 1I YJBI Guet scab 
8.00 0.0050 4.70 8.85
 
222 S II MYRS Ardi obov 
8.60 0.0058 8.35 8.95
 
223 S iI MYRT Euge mont 
9.50 0.0070 7.20 8.25

224 S 1I 
FJBI Guet scab 8.80 0.0060 5.65 7.25
225 S 1I MYRI Myrc flor 6.50 0.0033 8.5 5.55 6.65
226 S 1I 
BORA Cord alli 12.70 0.0126 9.7 5.05 6.70

227 S 1I MYRT Euge mont 8.20 0.0052 6.7 5.55 5.85

228 S 1I 
MWRJ7 Euge mont 11.00 0.0095 9.1 6.90 6.60
 
229 M 1I MYRS Ardi 
ov 9.70 0.0073 7.6 7.80 7.40

230 M i 
 MYRS Ardi obov 6.70 0.0035 8.00 7.35
 
231 S 1I 
RJBI Guet scab 5.80 0.0026 9.60 6.10
 
232 S 1I MYRS Ardi obov 
7.30 0.0041 8.31 4.50

233 S 1I ERYT Eryt rotu 5.20 0.0021 6.4 5.45 4.75

234 S 1I MYRS Ardi obov 5.70 0.0025 6.20 4.10
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235 S 1I MYRT Myrc flor 5.40 0.0022 7.0 6.04 3.10 
236 S 1I BIGN Tabe hete 34.60 0.0940 7.65 3.55 
237 S 1I MYIS Ardi ctov 6.10 0.0029 6.47 0.05 
238 S i1 IUBI Guet scab 8.20 0.0052 8.90 2.90 
239 S 1I MYRS Ardi cbov 4.70 0.0017 9.62 2.70 
240 S 1I BORA Cord alli 8.70 0.0059 8.5 9.00 0.05 
241 S IT MJBI Guet parv 6.00 0.0028 9.45 0.39 
242 
243 

S 
S 

1I 
IJ 

ERYT Eryt rotu 
14BI Guet parv 

6.30 0.0031 
5.30 0.0022 

6.1 6.15 
2.30 

5.65 DEAD11/85 
6.70 DEAD11/85 

244 S IJ RJBI Guet parv 5.30 3.0022 6.1 2.75 1.45 
245 M J BURS Burs sima 24.70 0.0479 0.89 3.10 
246 M IJ BURS Burs sima 9.20 0.0066 0.45 3.10 
247 S IJ THYM Daph amex 7.20 0.0040 7.3 0.08 3.45 
248 S UJ 14B Guet parv 5.70 0.0025 1.84 4.60 
249 S I MYRT Euge bifl 8.30 0.0054 7.6 0.95 3.70 
250 S IJ RUBI Guet parv 5.60 0.0024 0.75 5.95 
251 S IJ RUBI Guet parv 6.50 0.0033 0.80 6.02 
252 S iJ RUBI Guet parv 9.00 0.0063 7.0 0.85 6.15 
253 S J IJB Guet scab 5.30 0.0022 1.50 6.65 DEAD11/85 
254 S J I3BI Guet parv 5.70 0.0025 1.85 7.90 DEAD11/85 
255 S J RUBI Guet parv 6.00 0.0028 3.3 1.55 8.60 
256 S 1 MYRS Ardi cbov 7.30 0.0041 6.70 9.60 
257 S iJ MYRT Myrc flor 6.20 0.0030 7.40 9.30 
258 S UJ NYCT Guap frag 13.80 0.0149 8.2 6.80 8.35 
259 S J BIGN Tabe here 5.70 0.0025 7.95 9.50 
260 S IJ MYRT Euge mont 7.00 0.0038 9.4 8.40 9.30 
261 S IJ MYRT Euge mont 11.20 0.0098 9.90 9.20 DEAD 7/86 
262 S J RUBI Guet scab 7.70 0.0046 5.5 9.10 7.25 
263 S 1 RUB Guet parv 5.60 0.0024 4.3 7.85 6.35 
264 S IJ BIGN Tabe hete 10.90 0.0093 7.80 6.25 
265 S J MYRS Ardi obov 8.00 0.0050 6.90 6.40 
266 S J MYRT Myrc flor 6.70 0.0035 6.28 5.75 
267 S UJ RUBI Guet parv 6.90 0.0037 6.45 4.50 
268 S IJ UBI Guet scab 7.80 0.0047 5.41 2.60 
269 S J MYRI Myrc flor 5.10 0.0020 6.34 2.40 
270 S J MYRT Euge mont 7.80 0.0047 4.82 5.65 DEAD11/85 
271 S IJ BORA Cord alli 9.30 0.0067 3.87 4.55 DEAD 7/86 
272 S iJ ERYT Eryt rotu 5.70 0.0025 4.6 6.45 2.15 
273 S IJ MYRT Myrc flor 5.00 0.0019 8.90 5.90 
274 S J RUBI Guet scab 7.00 0.0038 8.99 5.30 
275 S J MYRT Myrc flor 7.00 0.0038 8.24 1.90 
276 S IJ BORA Cord alli 18.30 0.0263 10.0 6.80 0.75 
277 S IJ RUBI Guet scab 6.50 0.0033 9.72 0.78 
278 M J CIJUS Clus rose 17.70 0.0246 4.74 4.05 SICK11/85 
279 M UJ CLUS Clus rose 17.70 0.0246 4.17 4.00 
280 M U CIUS Clus rose 17.70 0.0246 3.98 2.60 
281 S 2J MYRS Ardi obov 5.90 0.0027 3.3 9.57 1.15 
282 S 2J MYRT Myrc flor 6.30 0.0031 7.6 9.96 2.10 
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283 S 2J 
BIGN Tabe hete 7.60 0.0045 10.9 9.15 2.00
284 S 2J MYRT Myrc flor 9.50 0.0070 8.99 2.50
285 S 2J 
BIGN Tabe hete 19.70 0.0304 6.92 2.00

286 S 
 2J MYRS Ardi cobv 5.40 0.0022 6.04 2.50

287 S 2J MIRS Ardi obov 8.70 0.0059 6.21 2.80
288 S 2J MYRT Myrc flor 7.80 0.0047 9.90 4.50

289 S 27 MYRT Myrc flor 6.80 0.0036 9.68 7.20

290 S 2J MYRS Ardi obov 8.20 0.0052 8.90 8.70
291 S 23 
THYM Daph amer 9.50 0.0070 8.37 9.70 DEAD 7/86
292 S 2J MYRS Ardi ctov 8.90 0.0062 8.49 9.20

291 S 2J 
MYRS Ardi obov 11.40 0.0102 7.50 7.50
294 S 2J MYRS Ardi obov 5.30 0.0022 7.96 6.80

295 S 2J MAIRS AWL.i cbct, 9.Su 0.0075 7.75 8.80

296 S 2J 
MYRS Ardi obov 7.10 0.0039 5.32 7.70

297 S 2J MYRS Ardi obov 8.10 0.0051 6.24 7.00

298 S 2J 
MYRS Ardi obov 12.20 0.0116 7.3 6.72 9.55

299 S 2J MYRS Ardi obov 5.80 0.0026 2.71 9.95

300 S 2J MYRS Ardi obov 5.00 0.0019 5.38 7.25

301 S 
 2J MYRS Ardi obov 8.00 0.0050 6.04 6.00

302 S 2J KMRS Ardi ciov 7.70 0.0046 5.01 5.20

303 S 2J 
SAPO Chry pauc 5.80 0.0026 7.0 3.50 4.65
304 
 S 2J BORA Cord alli 9.60 0.0072 5.80 4.10 DEAD 7/86
305 S 2J RIJBI Guet scab 
6.50 0.0033 6.1 2.64 3.95

306 S 
 2J MYRS Ardi Qbov 6.60 0.0034 0.68 4.20

307 S 2J MYRS Ardi ov 
9.60 0.0072 2.03 2.15
308 S 23 
MYRS Ardi obov 5.40 0.0022 
 3.65 0.82 DEAD11/85
309 S 2J MYRS Ardi obov 9.80 0.0075 5.84 4.10

310 S 2J MYRS Ardi obov 6.50 0.0033 4.71 1.80
311 S 
 21 MIMD Inga fagi 13.50 0.0143 11.6 9.12 0.56

312 S 21 VERB Cith frut 6.30 0.0031 7.9 9.60 1.05

313 S 21 
 RI Guet parv 7.10 0.0039 4.0 8.70 2.00

314 S 21 
 BIGN Tabe hete 17.30 0.0235 9.20 5.35

315 S 21 
 SAPI Meli biju 9.60 0.0072 10.0 8.95 5.40
316 S 21 
RErA Zant mart 25.60 0.0514 3.3 8.60 5.45

317 S 21 FIAC Case guia 
7.90 0.0049 5.0 8.25 5.85

318 S 21 
 MYRT Myrc flor 11.10 0.0096 7.85 5.80

319 S 21 NYCr Guap frag 9.20 0.0066 9.70 6.90
320 S 21 
 MYRT Myrc flor 7.10 0.0039 6.7 8.20 6.10

321 S 21 MYRS Ardi obav 5.00 0.0019 9.10 8.70
322 S 21 MYRS Ardi obov 9.30 0.0067 7.80 8.55

323 S 21 MYRT Myrc flor 8.40 0.0055 8.0 6.85 6.90

324 S 21 MYIRS Ardi obov 
7.40 0.0043 4.35 8.90

325 S 
 21 MYRS Ardi obov 8.90 0.0062 4.21

326 S 21 MYRT Myrc flor 6.50 0.0033 

9.95
 
3.40 7.70


327 S 21 
ERYT Eryt rotu 7.00 0.0038 7.9 5.30 5.20

328 S 21 RUBI Guet scab 5.70 0.0025 8.8 4.18 5.45

329 S 21 MYRS Ardi obov 8.30 0.0054 2.41 6.85

330 S 21 MYRS Ardi obcov 9.80 0.0075. 0.80 6.80
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331 S 21 MIM Inga fagi 19.40 0.0295 0.10 5.40 
332 S 21 BORA Cord alli 14.50 0.0165 13.4 1.10 3.45 
333 S 21 MY1S Ardi cbov 9.20 0.0066 1.25 3.10 
334 M 21 MYRT Myrc flor 7.30 0.0041 8.2 3.53 3.30 
335 M 21 MYRT Myrc flor 5.50 0.0023 3.48 3.40 
336 S 21 RJBI Guet parv 9.30 0.0067 8.2 5.41 4.70 
337 S 21 MYRS Ardi obov 7.90 0.0049 7.50 3.20 
338 S 21 MYRS Ardi atov 5.80 0.0026 7.15 3.55 
339 S 21 FABA Andi iner 12.50 0.0122 7.9 5.56 1.05 
340 S 21 MYRS Ardi obov 13.10 0.0134 5.72 0.10 
341 S 21 MYRT Myrc flor 7.20 0.0040 4.60 2.05 
342 S 21 MYRT Myrc flor 10.80 0.0091 4.00 2.10 
343 S 21 MYRS Ardi obov 9.70 0.0073 0.85 0.86 
344 S 21 MYPR Myrc flor 6.10 0.0029 2.24 0.55 
345 S 2H EORA Cord alli 11.40 0.0102 11.9 9.15 0.96 
346 S 2H MYRS Ardi obov 5.00 0.0019 9.25 2.00 
347 S 2H MYRT Psid ampl 5.10 0.0020 3.3 8.60 2.94 
348 S 2H MYRS Ardi cxbv 10.60 0.0088 2.9 8.40 2.91 
349 S 211 NYCr Guap frag 5.50 0.0023 6.30 1.05 
350 S 2H MYRS Ardi obov 10.00 0.0078 1.1 5.75 3.45 
351 S 2H BORA Cord alli 15.30 0.0183 9.7 8.70 4.00 
352 S 2H MIM Inga fagi 10.40 0.0084 8.50 4.90 DEAD 7/86 
353 S 2H MYRS Ardi obov 8 00 0.0050 9.75 5.00 
354 S 2H MIM Inga fagi 16.10 0.0203 9.1 6.65 5.12 
355 S 2H MYRS Ardi obov 8.30 0.0054 6.55 8.72 
356 S 2H MYRS Ardi obov 6.80 0.0036 6.55 9.06 
357 S 2H MYRS Ardi obov 5.00 0.0019 7.15 9.08 
358 S 2H MYRS Ardi obyv 8.60 0.0058 8.95 6.89 
359 S 2H MYRS Ardi obcov 8.90 0.0062 9.70 9.14 
360 M 2H RUBI Guet parv 11.50 0.0103 12.8 9.00 9.71 
361 M 2H RJBI Guet parv 13.10 0.0134 8.70 9.71 
362 S 2H SAPO Chry pauc 10.10 0.0080 12.2 6.25 9.65 
363 S 211 MYRS Ardi obov 7.50 0.0044 3.10 9.88 
364 S 2H MYRS Ardi obciv 11.10 0.0096 10.3 2.80 9.00 
365 S 2H MYRS Ardi obov 5.30 0.0022 1.45 7.59 
366 S 2H MYRS Ardi obov 6.70 0.0035 3.53 7.65 
367 M 2H LAUR Ocot cori 7.40 0.0043 2.90 5.14 
368 M 2H LAUR Ocot cori 12.20 0.0116 8.5 2.65 5.21 
369 S 2H MYRS Ardi obov 7.10 0.0039 0.59 4.52 
370 S 2H MYRS Ardi obov 5.50 0.0023 0.05 4.05 
371 S 2H MIRS Ardi obov 8.00 0.0050 2.30 3.31 
372 S 2H MYRS Ardi obov 6.10 0.0029 3.0 5.40 4.91 
373 S 2H FABA Andi iner 7.70 0.0046 6.7 3.30 1.46 
374 S 2H CAES Hyme cour 17.20 0.0232 11.6 2.10 1.40 
375 S 2H MYRS Ardi obov 5.70 0.0025 2.35 0.35 
376 S 2H MYRT Myrc flor 11.40 0.0102 3.40 0.12 
377 S 2G MYRS Ardi clxiv 7.30 0.0041 9.95 0.20 
378 S 2G MYRS Ardi obov 7.00 0.0038 9.90 1.95 
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379 S 2G MYRS Ardi ±ov 
7.70 0.0046 7.00 
0.80
380 S 2G 
MYRT Euge bifl 5.40 0.0022 6.60 1.05
381 S 
 2G MYRS Ardi ctbov 5.40 0.0022 5.50 0.25
382 S 2G 
BIGN Tabe hete 6.90 0.0037 
 4.70 0.60
383 S 2G 
BORA Cord alli 20.90 0.0343 6.30 3.88
384 S 2G MYRS Ardi obov 
5.40 0.0022 7.95 
3.00
385 S 2G 
BORA Bour suoc 6.10 0.0029 7.3 8.80 4.31
386 S 2G MYRS Ardi obov 
8.30 0.0054 6.75 4.95
387 S 2G MYRS Ardi obov 
6.90 0.0037 8.30 
7.21
388 S 2G MYIRS Ardi obov 
7.30 0.0041 4.80 5.15
389 S 2G MYRS Ardi obov 9.30 0.0067 6.45 6.12
390 S 2G 
lAUR Ocot cori 15.40 0.0186 9.1 5.65 7.98
391 S 2G MYRS Ardi obov 9.10 0.0065 3.40 8.70
392 S 2G 
NYCr Guap frag 26.50 0.0551 1.75 9.35
393 S 2G MYRS Ardi obov 
8.90 0.0062 1.70 8.76
394 S 2G IUBI Guet scab 
5.70 0.0025 0.72 
7.65 DEAD11/85
395 S 2G ERYT Eryt rotu 
9.40 0.0069 7.0 1.85 
2.56
396 S 2G FIDID Inga fagi 6.20 0.0030 0.45 1.59

397 S 2G 
IHYM Daph amer 10.20 0.0081 11.2 0.29 1 74
398 S 2G 
RUBI Fara occi 7.80 0.0047 0.25 0.75

399 S 2G MYRS Ardi obov 
5.90 0.0027 1.15 
1.00
400 S 2G MYRS Ardi obov 
6.50 0.0033 2.70 1.67
401 S 2G RUBI Guet parv 
6.60 0.0034 7.3 3.90 1.75
402 S 2F 
LAUR Ocot cori 11.10 0.0096 9.90 1.70
403 S 2F BIGN Tabe hete 6.20 0.0030 6.1 7.50 0.20
404 S 2F MYRS Ardi obov 
7.80 0.0047 6.45 
1.00

405 S 2F FABA Andi iner 5.10 0.0020 8.40 2.20
406 S 2F 
THYM Daph amer 15.80 0.0196 12.2 9.10 4.69
407 S 2F 
MIM Inga fagi 5.30 0.0022 8.85 3.52
408 S 2F RUBI Guet par; 5.20 0.0021 8.25 4.03 DEAD11/85

409 S 2F 
FABA Adi iner 8.20 0.0052 6.4 5.95 4.95
410 S 2F 
FABA Andi iner 11.10 0.0096 5.05 5.50
411 S 2F MYRS Ardi obov 
6.20 0.0030 7.55 
7.09
412 S 2F MYRS Ardi obov 
5.90 0.0027 9.05 
6.45

413 S 2F MYRS Ardi obov 
6.20 0.0030 9.90 
6.56
414 M 2F 
NYCr Guap frag 18.10 0.0257 8.55 8.81
415 M 2F 
NYCr Guap frag 17.80 0.0248 8.30 8.85
416 M 2F 
NYCT Guap frag 14.80 0.0172 10.0 8.75 8.90
417 S 2F MYRS Ardi 
tobv 9.70 0.0073 5.65 8.99
418 S 2F 
MYRS Ardi obov 10.50 0.0086 5.30 8.20
419 S 2F MYRS Ardi obov 
7.00 0.0038 2.60 
8.81

420 S 2F MYRS Ardi obov 
6.80 0.0036 2.40 
9.11
421 M 2F 
MYRS Ardi obov 12.10 0.0114 10.6 0.51 7.81
422 M 2F 
MYRS Ardi obov 
9.00 0.0063 0.45 7.62

423 S 2F 
MYRS Ardi obov 5.90 0.0027 
 3.15 6.45
424 S 2F MYRS Ardi cbov 
5.00 0.0019 3.70 4.82
425 S 2F MYRS Ardi obov 
6.10 0.0029 1.01 
4.31
426 S 2F 
MYRS Ardi obov 
6.50 0.0033 3.20 
4.01
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427 S 2F IUBI Fara occi 7.80 0.0047 5.8 4.40 2.40 
428 S 2F THYM Daph amer 10.40 0.0084 12.5 8.25 2.05 
429 S 2E EUPH Marg nobi 32.40 0.0824 12.5 8..25 2.05 
430 M 2E SAPO Chry pauc 13.90 0.0151 10.9 6.30 1.15 
431 M 2E SAPO Cry pauc 5.40 0.0022 6.15 1.25 
432 S 2E MYS Ardi cbov 5.00 0.0019 5.10 2.15 
433 S 2E MIMO Tnga fagi 10.10 0.0080 5.80 3.27 
434 S 2E NYCr Guap frag 28.90 0.0655 7.00 3.40 
435 S 2E MYRS Ardi obov 5.20 0.0021 8.95 2.91 
436 S 2E MYRS Ardi obov 6.90 0.0037 8.75 7.09 
437 S 
438 S 

2E 
2E 

MIM Inga fagi 5.50 0.0023 
MYRS Ardi obov 7.10 0.0039 

7.45 
9.35 

7.33 
9.00 

439 S 2E EJPH Marg nobi 25.90 0.0526 15.8 7.90 8.19 
440 S 2E CAES Hyme cour 34.10 0.0913 17.6 5.80 8.05 
441 S 2E MYRS Ardi obov 6.90 0.0037 5.25 7.41 
442 M 2E SAPI Meli biju 11.50 0.0103 12.8 3.15 6.51 
443 M 2E SAPI Meli biju 6.50 0.0033 3.00 6.48 
444 S 
445 S 

2E 
2E 

MYFC Psid arpl 6.70 0.0035 
MYRS Ardi obov 7.40 0.0043 

6.25 
4.20 

7.84 DEAD11/85 
4.25 

447 S 2E MYRS Ardi cbov 9.80 0.0075 4.30 3.51 
448 S 2E MYR Ardi cbov 5.80 0.0026 0.25 4.75 
449 S 2E MYIS Ardi cbov 5.60 0.0024 2.75 1.61 
450 S 2E ANAC Mang irdi 27.10 0.0576 11.2 3.75 0.74 
451 S 2D MYIS Ardi obov 8.30 0.0054 6.75 3.01 
452 S 2D MY)M Ardi obov 7.90 0.0049 8.65 5.65 
453 M 
454 M 

2D 
2D 

SAPO Cry pauc 6.40 0.0032 
SAPO Cry pauc 6.10 0.0029 

8.20 
8.00 

8.01 
8.22 

455 M 2D SAPO Chry pauc 16.10 0.0203 11.2 7.80 8.09 
456 M 2D SAPO Chry pauc 18.20 0.0260 7.60 7.99 
457 S 2D MIM Inga fagi 7.90 0.0049 4.65 5.05 
458 S 2D SAPO Chry pauc 8.60 0.0058 4.35 5.87 
459 S 2D EUlH Marg nobi 42.30 0.1405 1.01 8.65 
460 S 2D MYRS Ardi cbov 5.30 0.0022 1.00 3.32 
461 S 2D FABA Anti. iner 18.20 0.0260 1.25 3.38 
462 S 2C MIMO Inga fagi 19.60 0.0301 14.0 6.50 1.89 
463 S 2C FABA Anti. iner 13.30 0.0138 6.10 2.01 
464 S 2C MYRS Ardi obov 6.70 0.0035 8.85 4.01 
465 S 2C MYRS Ardi obov 11.50 0.0103 9.95 9.20 
466 S 2C MYRS Ardi cbov 5.70 0.0025 7.75 7.01 
467 S 2C MYRS Ardi obov 8.00 0.0050 5.60 6.84 
468 S 2C NYCT Guap frag 29.40 0.0678 15.2 4.75 6.92 
469 S 2C MY1S Ardi obov 5.50 0.0023 4.55 8.21 
470 S 2C MYIRS Ardi obov 6.70 0.0035 4.40 5.95 
471 M 2C MY1S Ardi cxbv 6.70 0.0035 4.05 5.51 
472 M 2C MYIRS Ardi obov 5.60 0.0024 4.35 5.15 
473 S 2C MYPS Ardi ctov 10.80 0.0091 1.85 8.01 
474 S 2C FABA Andi iner 12.20 0.0116 13.1 1.22 9.80 
475 S 2C MYRS Ardi obcv 7.70 0.0046 0.82 9.20 
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476 S 2C MYRS Ardi ctov 9.90 0.0076 0.63 6.95

477 S 
 2C FABA Andi iner 7.40 0.0043 1.65 5.40
478 S 2C MIM Inga fagi 15.10 0.0179 1.40 4.80
479 S 2C 
CAES Hyme cour 31.10 0.0759 17.6 0.22 3.00

480 S 2C MYRS Ardi obov 
9.10 0.0065 1.75 1.79

481 S 2C MYRS Ardi obov 8.00 0.0050 1.95 1.75

482 S 
 2C MIM Inga fagi 30.20 0.0716 17.6 2.65 0.25

483 S 2B 
HMIO Irga fagi 21.30 0.0356 9.80 0.45
484 S 2B 
MYRS Ardi ctobv 15.20 0.0181 8.25 0.45
485 S 2B SAPO Chry pauc 26.00 0.0530 13.1 6.05 2.30
486 S 2B MYRT Myrc flor 9.00 0.0063 7.10 3.80 DEAD11/85
487 S 
 2B LAUR Ocot cori 6.40 0.0032 7.3 9.50 3.45

488 S 2B 
VERB Cith frut 14.90 0.0174 12.5 7.75 9.10

489 S 2B 
 ITRS Ardi obov 5.50 0.0023 7.85 9.29
490 S 2B NYCT Guap frag 24.20 0.0459 7.50 9.60
 
491 S 2B 
!PRS Arci obov 7.90 0.0049 6.80 7.55

492 S 2B FABA Andi iner 
5.20 0.0021 6.1 2.46 9.80
493 S 2B 
LAUR Ocot cori 17.40 0.0237 8.8 2.25 9.10

494 S 2B 
IFABA Ardi iner 12.50 0.0122 0.62 8.72

495 M 2B 
MYRS Ardi obcv 7.00 0.0038 1.40 6.79
496 M 2B 
MYRS Ardi obov 8.10 0.0051 1.60 6.42

497 S 28 MYRS Ardi obov 9.20 0.0066 2.05 3.65

498 S 2B MYRS Ardi obov 7.10 0.0039 3.05 3.42
499 S 28 FAMAAndi iner 13.50 0.0143 
 5.75

500 S 2B MYRT Myrc flor 9.10 0.0065 

3.50
 
4.05 1.50


501 S 2B 
MYRS Ardi obov 10.40 0.0084 3.95 0.91
502 S 2B MYRT Myrc flor 9.20 0.0066 1.00 2.01

503 S 2B MYRS Ardi obov 5.60 0.0024 1.10 0.60
504 S 2A 
BIGN Tabe hete 13.10 0.0134 10.9 7.13 0.05
 
505 S 2A MRS Ardi cbov 
8.50 0.0056 8.8 5.40 1.29
506 S 2A 
THYM Daph amer 12.00 0.0113 12.2 6.75 3.42

507 S 2A MYRS Ardi obov 8.00 0.0050 7.05 3.85

508 S 2A 
MYRS Ardi obov 5.70 0.0025 7.75 3.54

509 S 2A FABA Andi iner 5.90 0.0027 9.00 4.26
510 S 2A 
NYCT Guap frag 34.80 0.0951 13.7 9.00 8.05

511 S 2A 
FABA Andi iner 20.30 0.0323 8.75 9.80

512 S 2A 
NYCT Guap frag 33.20 0.0865 7.30 8.89
513 M 2A 
IAIR Ocot cori 18.80 0.0277 7.00 8.75 DEAD 7/86
514 M 2A 
IAUR Ocot )ori 14.90 0.0174 7.25 6.30

515 S 2A 
 NYCr Guap frag 18.00 0.0254 7.15 5.80

516 S 2A FLAC Case deca 
5.80 0.0026 8.5 6.30 9.51

517 S 2A 
MYRS Ardi obov 11.20 0.0098 3.20 8.21

518 M 
 2A MYRS Ardi obov 6.90 0.0037 2.15 6.75
519 M 2A 
MYRS Ardi obov 5.30 0.0022 2.30 9.59

520 S 2A 
THYM Daph amer 10.90 0.0093 11.2 1.60 8.50
521 S 2A RUBI Guet scab 7.30 0.0041 7.6 0.45 7.20

522 S 2A MYRS Ardi obov 
6.80 0.0036 2.15 
6.35

523 S 2A NYCr Guap frag 14.20 0.0158 2.70 4.89
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524 S 2A LAUR Ocot cori 5.00 0.0019 6.4 2.80 4.62 
525 S 2A RUBI Guet scab 6.20 0.0030 7.3 2.60 4.24 
526 S 2A MYRS Ardi obov 5.20 0.0021 3.35 2.65 
527 S 2A RUBI Guet scab 5.00 0.0019 3.50 2.50 
528 S 2A BIGN Tabe hete 10.90 0.0093 1.30 0.12 
529 S 2A IRJBI Guet scab 6.20 0.0030 0.50 1.45 
530 S 2A MYRS Ardi obev 6.10 0.0029 0.05 0.65 
531 M 2A CAES Hyme cour 29.00 0.0660 12.8 0.60 0.55 
532 M 2A CAES Hyme cour 41.40 0.1346 0.12 0.19 
533 M 2A CAES Hyme cour 31.80 0.0794 0.40 0.20 
534 S 3A IMBI Guet scab 9.50 0.0070 1.45 1.87 
535 S 3A IUBI Guet scab 7.70 0.0046 1.70 2.65 
536 S 3A MYRS Ardi obov 5.30 0.0022 0.85 3.35 
537 S 3A RgBI Guet scab 7.90 0.0049 0.05 3.82 
538 S 3A BIGN Tabe hete 5.60 0.0024 0.03 4.85 
539 S 3A RUBI Fara occi 5.60 0.0024 6.7 0.05 4.95 
540 S 3A CAES Hyme cour 36.00 0.1017 14.0 2.40 5.95 
541 S 3A FABA Sabi flor 5.40 0.0022 7.9 3.00 4.25 
542 S 3A RUBI Guet scab 8.00 0.0050 0.81 8.20 
543 S 3A FABA Sabi flor 6.00 0.0028 8.2 3.20 8.95 
544 S 3A ERYT Eryt rotu 5.40 0.0022 6.7 3.80 9.48 
545 M 3A MYRS Ardi obov 5.70 0.0025 6.30 7.71 
546 M 3A MYRS Ardi obov 5.50 0.0023 6.20 7.25 
547 S 3A CAES Hyme cour 9.40 0.0069 6.05 7.05 
548 S 3A MIM Inga fagi 15.00 0.0176 6.70 7.49 
549 S 3A THYM Daph amer 5.20 0.0021 8.2 8.60 7.49 
550 S 3A THYM Daph amer 20.00 0.0314 6.80 4.00 
551 S 3A FABA Andi iner 7.30 0.0041 9.60 6.20 
552 S 3A MYR Euge mont 12.80 0.0128 3.50 0.45 
553 S 3A NYCT Guap frag 14.50 0.0165 7.45 3.80 
554 S 3A MYRS Ardi obov 10.50 0.0086 4.60 3.21 
555 S 3A BORA Bour succ 7.30 0.0041 8.5 7.30 0.73 
556 S 3A MYRS Ardi obov 5.80 0.0026 8.00 0.85 
557 S 3A RU4BI Guet scab 5.20 0.0021 4.10 1.10 
558 S 3B FABA Andi iner 6.10 0.0029 7.3 0.25 3.00 
559 S 3B MIMD Inga fagi 9.20 0.0066 8.5 2.00 5.20 
560 S 3B NYCT Guap frag 22.10 0.0383 3.45 5.85 
561 S 3B RU4BI Fara occi 5.20 0.0021 5.2 2.10 6.90 
562 S 3B THYM Daph amer 10.80 0.0091 14.6 2.35 7.54 
563 S 3B lJBI Guet scab 7.80 0.0047 10.6 4.30 8.00 
564 M 3B NYCT Guap frag 9.60 0.0072 6.50 8.40 
565 M 3B NYCT Guap frag 28.20 0.0624 6.35 8.70 
566 M 3B NYCT Guap frag 23.30 0.0426 15.2 6.40 8.90 
567 S 3B FABA Andi iner 7.30 0.0041 7.0 6.35 9.40 
568 S 3B FABA Andi iner 6.10 0.0029 8.30 9.00 
569 S 3B MYRS Ardi obov 6.10 0.0029 8.60 9.80 
570 S 3B NYCT Guap frag 33.40 0.0876 9.00 7.10 

571a M 3B CLUS Clus rose 16.30 0.0208 17.0 9.15 7.40 
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571b M 3B CIUS Clus rose 8.60 0.0058 9.15 
7.40
571c M 3B CITJS Clus rose 10.80 0.0091 9.15 7.40
571d M 3B CIUS Clus rose 12.30 0.0118 9.15 7.40
571e M 3B CLUS Clus rose 

572 S 3B MYPq Ardi obov 

7.80 0.0047 9.15 7.40
 
9.10 0.0065 5.65 
2.95
573 S 3B 
NYCr kguap frag 40.90 0.1313 6.55 2.30
574 
S 3B MYRS irzdi obov 
8.70 0.0059 9.75 3.20
575 S 3B MUiYM Ardi obov 
5.90 0.0027 9.1 9.35 1.60
576 S 3C 
MYRS Ardi obov 
9.80 0.0075 0.70 
1.45
577 S 3C FABA Ani iner 
6.90 0.0037 2.10 
 1.82
578 S 3C BIGN Tabe hete 5.10 0.0020 7.9 1.50 3.25
579 S 
 3C MYRS Ardi obov 
5.30 0.0022 2.00 3.56
580 S 3C FIAC case deca 
7.50 0.0044 10.0 0.65 
6.61
581 S 3C 
MYRS Ardi cbov 
5.90 0.0027 2.10 
6.70
582 S 3C 
NYCT Guap frag 16.10 0.0203 2.80 8.15
583 S 3C MYRS Ardi obov 5.90 0.0027 2.90 8.10
584 S 
 3C MYRS Ardi obov 
5.90 0.0027 7.30 7.45
585 S 3C NYCT Guap frag 7.20 0.0040 7.90 6.05
586 S 3C 
MIM Inga fagi 11.60 0.0105 11.2 7.70
587 S 3C NYCT Guap frag 33.90 0.0902 

5.80
 
5.90 5.45
588 S 3C BIGN Tabe hete 8.00 0.0050 5.60 5.40
589 S 3C MYRS Ardi obov 
6.00 0.0028 5.20 4.52
590 S 3C MYRS Ardi obov 
9.50 0.0070 12.2 3.20 
2.49
591 S 3C 
MYRS Ardi obov 
5.90 0.0027 3.10 2.20
592 S 3C 
NYCT Guap frag 19.20 0.0289 6.15 3.35
593 S 3C 
MYRS Ardi obov 
8.30 0.0054 6.90
594 M 3C 1AJBI Guet parv 

1.45
 
9.70 0.0073 9.30 3.90
595 M 3C 
RJBI Guet parr 12.90 0.0130 14.6 9.15 3.70
596 S 3C 
MYRS Ardi cbov 
6.50 0.0033 9.85 1.55
597 S 3C 
NYCT Guap frag 17.80 0.0248 9.10 1.50
598 M 3D 
MYRS Ardi obov 
5.60 0.0024 1.85 
7.55
599 M 3D 
MYRS Ardi obov 6.20 0.0030 1.30 7.61
600 S 3D 
FABA Andi iner 13.40 0.0141 14.3 7.30 6.85
601 S 3D 
SAPO Chry pauc 13.30 0.0138 10.3 6.90 6.50
602 S 3D MYRS Ardi obov 5.60 0.0024 6.40 3.40
603 S 3E 
FABA Andi iner 12.90 0.0130 1.40 0.71
604 S 3E MYRS Ardi obov 
6.00 0.0028 2.85 
1.00
605 S 3E NYCT Guap frag 38.40 0.1158 3.35 2.25
606 S 3E IAUR Ocot cori 
16.30 0.0208 13.1 0.55 4.05
607 S 3E NYCr Guap frag 59.80 0.2808 0.65 4.95608 S 3E 
MYRS Ardi obov 
8.30 0.0054 0.85 6.80
609 S 3E FABA Andi iner 6.00 0.0028 2.95 9.10
610 S 3E 
SAPI Meli biju 15.50 0.0188 14.9 6.50 8.30
611 S 3E 
NYCT Guap frag 41.40 0.1346 18.8 5.00 4.90
612 S 3E SAPI Meli biju 9.10 0.0065 8.2 5.50 3.50
613 S 3E MYRS Ardi obov 
5.90 0.0027 5.20 1.20
514 S 3E FABA Andi iner 8.70 0.0059 8.50 3.65
615 S 3E 
FABA Andi iner 13.10 0.0134 7.00 1.60
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616 M 3E SAPI Ml.i biju 6.60 0.0034 6.80 2.15 
617 M 3E SAPI Meli biju 12.70 0.0126 10.9 6.65 2.21 
618 S 3E MYRr P-.sid ampl 9.70 0.0073 9.4 8.00 3.30 
619 S 3F FABA Andi iner 13.60 0.0145 2.00 3.54 
620 S 3F NYCT Guap frag 35.10 0.0967 1.35 4.41 
621 S 3F MYRF Psid anpl 8.10 0.0051 10.0 2.10 6.54 
622 S 3F SAPO Chry pauc 6.50 0.0033 8.5 1.45 6.65 
623 S 3F NYCT Guap frag 22.20 0.0387 1.60 7.49 
624 S 3F MYRS Ardi bov 5.30 0.0022 0.50 9.75 
625 S 3F EUPH Marg nobi 41.80 0.1372 17.9 1.80 9.40 
626 S 3F MYRT Psid ampl 10.60 0.0088 9.4 2.40 8.25 
627 S 3F SAPO Chy pauc 5.80 0.0026 4.60 7.95 
628 S 3F MYRS Ardi cbxav 5.60 0.0024 6.00 8.85 
629 S 3F MYRS Ardi obov 7.60 0.0045 7.10 9.35 
630 M 3F MYRT Psid ampl 5.90 0.0027 9.45 7.09 
631 M 3F MYRT Psid ampl 8.80 0.0060 7.0 9.15 7.20 
632 M 3F MYRT Psid anpl 6.30 0.0031 9.00 7.12 
633 Y 3F RMBI Guet parv 12.30 0.0118 8.95 5.40 
634 M 3F IUBI Guet parv 23.50 0.0433 12.2 8.40 5.60 
635 S 3F MYRS Ard! obov 6.50 0.0033 5.20 4.45 
636 S 3F MYRS Ardi obov 12.70 0.0126 10.0 5.45 0.85 
637 S 3F MY1S Ardi obov 10.00 0.0078 6.60 0.65 
638 S 3F RJBI Guet parv 5.60 0.0024 7.6 7.10 3.65 
639 S 3F MYPS Ardi obov 5.10 0.0020 7.60 3.87 
640 S 3F MYRS Ardi obov 5.80 0.0026 8.75 3.61 
641 S 3F FABA Andi iner 6.70 0.0035 6.1 9.80 3.58 
642 S 3F MYRS Ardi obov 5.20 0.0021 8.10 0.60 
643 S 3G MYRS Ardi obov 9.30 0.0067 0.30 1.01 
644 S 3G MYIRS Ardi obov 7.00 0.0038 1.25 1.22 
645 S 3G MYPS Ardi obov 6.10 0.0029 1.75 0.50 
646 M 3G LAUR Ocot cori 14.40 0.0162 7.9 3.70 1.65 
647 M 3G IAUR Ocot cori 8.50 0.0056 4.00 1.65 
648 S 3G WBI Guet parv 7.80 0.0047 4.00 4.50 
649 S 3G MYRS Ardi obov 12.20 0.0116 0.50 6.70 
650 S 3G MYPS Ardi ob±e 6.00 0.0028 0.04 8.83 
651 S 3G FABA Andi iner 8.80 0.0060 3.00 8.65 SICK11/85 
652 S 3G MYIS Ardi obov 6.20 0.0030 4.02 8.41 
653 S 3G MYRS Ardi obov 7.30 0.0041 4.60 7.91 
654 S 3G FABA Andi iner 12.90 0.0130 8.40 8.70 
655 S 3G RUBI Guet scab 6.30 0.0031 5.50 9.63 
656 S 3G MYPS Arli obov 6.60 0.0034 6.35 9.85 
657 S 3G MYMS Ardi1 obov 8.00 0.0050 6.00 9.00 
658 S 3G IUB Guet scab 7.60 0.0045 7.3 6.90 8.15 
659 S 3G FABA Ardi iner 17.20 0.0232 5.05 6.57 
660 S 3G RBI Guet scab 7.90 0.0049 5.45 5.95 
661 S 3G MYPS Ardi obov 5.50 0.0023 7.80 5.84 
662 S 3G MYPS Ardi obov 8.20 0.0052 7.60 3.71 
663 S 3G MYIS Ardi obov 5.40 0.0022 5.55 2.85 

88
 



APPENDIX II. (Ccntinued)
664 S 
 3G NYCr Guap frag 27.90 0.0611 12.2 5.20 1.20

665 S 3G IAUR Ocot cori 
6.30 0.0031 7.3 5,75 0.30

666 S MYRS Ardi
3G crv 8.20 0.0052 6.20 1.10
667 S 3G 1UBI Guet parv 6.30 0.0031 9.95 7.50
668 S 3G 14BI Guet scab 7.80 0.0047 7.5 9.95 6.20
669 S 3G M Inga fagi 16.40 0.0211 6.0 9.70 3.10 
670 S 3G MYRS Ardi cbov 6.00 0.0028 9.60 1.18

671 M 3H 
MYRS Ardi obov 6.30 0.0031 0.30 0.40 
672 M 3H 
MYRS Ardi abov 7.90 0.0049 0.25 0.45

673 S 3H MYRS Ardi obov 
7.30 0.0041 1.75 1.70

674 S 3H NYCT Guap frag 57.10 0.2560 1.50 2.45

675 S 3H MYRS Ardi obov 
5.10 0.0020 0.31 1.82

676 S 3H NYCr Guap frag 34.20 0.0918 1.00 3.25

677 S 3H 
MYRS Ardi obov 6.80 0.0036 2.45 3.65

678 S 3H 
MYRS Ardi obov 16.40 0.0211 11.6 2.90 4.51

679 S 3H MYRS Aldi obov 8.50 0.0056 0.23 4.81

680 S 3H MYRS Ardi cbov 6.00 0.0028 1.20 5.15
 
681 S 3H SAPO Chry pauc 6.60 0.0034 6.7 0.80 6.80

682 S 3H MYRS Ardi obov 
6.80 0.0036 1.25 7.62

683 S 3H RUBI Guet parv 
5.80 0.0026 1.60 9.09
684 S 3H MYRS Ardi obov 7.00 0.0038 2.95 8.70
685 S 3H FPAB Ardi iner 10.50 0.0086 9.4 2.90 6.65
686 S 3H 
MYRS Ardi obov 10.70 0.0089 4.90 7.27

687 S 3H MYRS Ardi obov 8.70 0.0059 8.90 7.85

688 S 3H 
MIM Inga fagi 19.50 0.0298 8.40 7.55
689 S 3H MYRS Ardi obov 5.60 0.'0024 8.90 7.60
690 S 3H 
MYRS Ardi obov 6.00 0.0028 7.10 5.70

691 S 3H MYRS Ardi cobv 7.70 0.0046 6.40 3.30

692 S 3H 
MYRS Ardi obov 5.50 0.0023 3.90 2.23

693 S 3H 
MYRS Ardi obav 10.90 0.0093 12.8 4.80 4.05
 
694 S 3H MYRS Ardi obov 
5.70 0.0025 5.30 0.25695 S 3H MYRS Ardi obov 7.90 0.0049 6.40 1.23
696 S 3H MYRS Ardi obov 7.60 0.0045 6.60 1.89
697 S 3H MYRS Ardi obov 
8.70 0.0059 9.75 2,15

698 S 3H qYRS Ardi obov 10.50 0.0086 8.20 0.30
 
699 S 3H MYRS Ardi obov 
7.60 0.0045 9.80 1.50
700 S 3H MYRT Myrc flor 5.00 0.0019 8.5 8.65 2.69
701 S 31 MYRS Ardi obov 7.30 0.0041 1.50 1.46
702 S 31 MIM Inga fagi 22.10 0.0383 14.6 2.20 2.40 
703 S 31 MYRS Ardi obov 6.20 0.0030 0.90 2.91 
704 S 31 
MYRS Ardi obov 10.60 0.0088 4.20 3.20705 S 31 MYRS Ardi obov 7.50 0.0044 4.50 4.38 
706 S 
 31 RUBI Guet parv 8.40 0.0055 8.5 3.60 4.46
707 S 31 IlJBI Guet parv 6.20 0.0030 1.30 5.61
710 S 31 SAPO Chry pauc 12.00 0.0113 9.7 1.55 6.60

709 S 31 
1JBI Guet parv 16.00 0.0201 1.65 6.80

710 S 31 MYRS Ardi obov 5.20 0.0021 3.00 9.80

711 S 31 
MYRS Ardi abov 5.40 0.0022 5.10 7.35
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712 S 31 MYRS Ardi obov 5.80 0.0026 5.80 9.80 
713 M 31 RUBI Guet parv 9.90 0.0076 7.85 9.55 
714 M 31 RUBI Guet parv 14.40 0.0162 8.00 9.50 
715 S 31 BIGN Tabe hete 11.40 0.0102 10.3 8.05 8.61 
716 S 31 MYRS Ardi ciobv 11.20 0.0098 8.15 8.52 
717 M 31 MYRS Ardi obov 5.80 0.0026 8.25 8.45 
718 M 31 MYRS Ardi obov 6.00 0.0028 8.35 8.34 
719 S 31 MYRT Myrc flor 9.90 0.0076 9.1 9.75 5.90 
720 S 31 MYRS Ardi obov 10.00 0.0078 6.30 4.87 
721b M 31 CIUS Clus rose 6.40 0.0032 7.20 3.95 
721b M 31 CtUS Clus rose 8.40 0.0055 7.20 3.95 
722 S 3 MMS Ardi obov 8.90 0.0062 6.90 1.61 
723 S 31 MRS Ardi obov 6.40 0.0032 4.40 0.55 
724 S 31 MYRS Ardi obov 5.60 0.0024 7.85 1.40 
725 S 31 BORA Cord alli 20.60 0.0333 11.2 8.20 2.00 
726 S 31 MUI Ina fagi 20.90 0.0343 8.70 2.90 
727 S 31 MYRS Ardi obov 6.30 0.0031. 8.40 4.60 DEAD 7/86 
728 S 31 MYRS Ardi obov 11.20 0.0098 9.40 2.55 
729 S 31 BIGN Tabe hete 57.50 0.2596 6.4 9.95 0.45 
730 S 3J MYRS Ardi obov 7.60 0.0045 3.20 3.40 
731 S 3J MYRS Ardi obov 5.30 0.0022 2.45 4.85 
732 S 3J MYRS Ardi obov 6.90 0.0037 2.25 4.91 
733 S 3J MYRS Ardi obov 5.10 0.0020 0.30 3.75 
734 S 3J MYRS Ardi obov 6.80 0.0036 0.85 4.55 
735 S 3J MIMD Irna fagi 16.20 0.0206 11.9 2.90 6.85 
736 S 3J FLAC Case quia 5.40 0.0022 7.0 5.10 7.90 
737 S 3J MYRS Ardi obov 9.00 0.0063 6.60 7.92 
738 S 3J MYRS Ardi oov 5.00 0.0019 7.55 8.70 
739 S 3J MYRS Ardi cbov 8.30 0.0054 9.00 9.75 
740 S 3J MYRS Ardi obov 6.10 0.0029 7.80 8.35 
741 S 3J MYRS Ardi obov 6.70 0.0035 9.30 8.79 
742 S 1J MYRS Ardi cbov 8.70 0.0059 9.60 7.88 
743 S 3J MYRS Ardi obov 9.30 0.0067 9.70 7.12 
744 S 3J MYRT Myrc flor 7.20 0.0040 7.3 9.50 6.20 
745 M 3J MYRS Ardi obov 8.80 0.0060 6.55 6.87 
746 M 3J MYRS Ardi obov 6.30 0.0031 6.90 6.81 
747 S 3J FLAC Case deca 11.80 0.0109 9.1 5.00 7.40 
748 S 3J MYRS Ardi obov 5.70 0.0025 5.60 5.95 
749 S 3J MYRS Ardi obov 7.40 0.0043 5.75 4.65 
750 S 3J LAUR Ocot cori 5.50 0.0023 8.8 5.90 2.86 
751 S 3J MYRS Ardi obov 12.00 0.0113 6.15 2.65 
752 S 3J MYRS Ardi obov 8.70 0.0059 6.45 2.95 
753 S 3J 14BI Guet parv 5.40 0.0022 7.0 5.25 0.05 SICK11/85 
754 S 3 CLUS Clus rose 9.80 0.0075 9.65 1.35 
755 S 4J FLAC Case guia 8.50 0.0056 7.3 7.85 0.57 
756 S 4J PALM Coca alta 11.30 0.0100 10.3 5.22 0.14 
757 S 4J CEIA Mayt elli 5.20 0.0021 5.2 5.75 0.87 
758 S 4J MYRS Ardi obov 5.20 0.0021 5.89 2.95 
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759 S 4J 
MYRS Ardi abov 16.80 0.0221 

760 S 4J MYRS Ardi obov 
8.20 0.0052 

761 S 4J MYRS Ardi dobv 6.00 0.0028 

762 S 4J 
MYRS Ardi cbov 13.40 0.0141 

763 S 4J MYRS Ardi cbov 
5.40 0.0022 

764 S 4J 
MY1S Ardi dbov 10.00 0.0078 

765 S 4J MYRS Ardi obov 
6.30 0.0031 

766 S 4J MYRS Ardi obav 10.70 0.0089 8.2 

767 S 
 4J MYRS Ardi obov 9.90 0.0076 
768 S 4J FLAC Case guia 
5.60 0.0024 8.8

769 S 4J MYRS Ardi obov 5.00 0.0019 

770 S 4J MYRS Ardi obov 
5.00 0.0019 

771 S 4J MYRS Ardi obov 6.40 0.0032 

772 S 
 4J MYRS Ardi obov 
7.80 0.0047 

773 S 4J MYIRS Adi obov 10.10 0.0080 

774 S 4J 
MYRr Psid amipl 6.40 0.0032 4.0
775 S 4J MYIRS Ardi obov 
6.50 0.0033 

776 S 4J 
EJPH Marg nobi 14.60 0.0167 9.1 
777 S 4J .,YRSArdi obov 10.00 0.0078 
778 S 4J MYRS Ardi obov 
7.50 0.0044 

779 S 4J 
MYRS Ardi obov 
7.10 C.0039 

780 S 4J MYRS Ardi obov 
6.90 0.0037 

781 S 4J FIAC Case deca 5.50 0.0023 7.3 

782 S 4J MYRS Ardi obov 10.20 0.0081 

783 S 4J FIAC Case guia 
7.10 0.0039 8.8 

784 S 41 
MYRS Ardi obov 
7.00 0.0038 

785 S 41 
MYRS Ardi obov 12.80 0.0128 

786 S 41 
FIAC Case deca 11.00 0.0095 10.3 

787 S 41 
MYRS Ardi obov 6.10 0.0029 

788 S 41 
MYRS Ardi obov 17.00 0.0226 

789 S 
 41 MYPS Ardi abov 
7.00 0.0038 

790 S 41 MYRS Ardi obov 
5.80 0.0026 

791 S 41 MYRS Ardi obov 5.10 0.0020 

792 S 41 
 IAUR Ocot c-ri 14.60 0.0167 10.9 

793 S 41 MYRS Ardi obov 
9.20 0.0066 

794 S 
 41 SAPO Chry pauc 7.60 0.0045 9.1 

795 S 41 FIAC Case deca 7.40 0.0043 10.6

796 S 41 
LAUR Ocot cori 17.80 0.0248 

797 S 41 SAPO Chry pauc 
6.90 0.0037 

798 S 41 
NYCr Guap frag 28.40 0.0633 12.8 

799 M 
 41 RUBI Guet parv 16.90 0.0224 12.5

800 M 41 RUBI Guet parv 5.30 0.0022 

801 S 41 
MYRS Ardi obov 
5.10 0.0020 

802 S 41 MYIS Ardi obov 6.50 0.0033 

803 S 4H MYRS Ardi obov 
8.10 0.0051 

804 S 4H FLAC Case deca 5.80 0.0026 8.8 

805 S 4H SAPO Chry pauc 
5.60 0.0024 

806 S 4H MYIRS Ardi obov 
5.30 0.0022 
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APPENDIX II. (Continued)
 
807 S 4H NYCr Guap frag 46.20 0.1676 7.25 2.85 
808 S 4H IAUR Ocot cori 9.80 0.0075 5.05 4.35 
809 S 4H MYPS Ardi cbov 5.30 0.0022 9.10 5.20 
810 S 4H NYCT Guap frag 40.30 0.1275 16.4 9.25 8.60 
811 S 4H MYRS Ardi obov 6.80 0.0036 5.05 6.60 
812 S 4H MYRS Ardi tobv 7.80 0.0047 3.55 8.70 
813 S 4H SAPO Chry pauc 17.80 0.0248 4.01 6.45 
814 S 4H MYRS Ardi obov 5.00 0.0019 1.70 9.95 
815 S 4H MYRS Ardi obov 6.10 0.0029 4.45 5.50 
816 S 4H FIAC Case guia 6.30 0.0031 3.0 2.50 4.40 
817 S 4H MYRS Ardi obov 7.3n 0.0041 2.90 2.35 
818 S 4H MYRS Ardi obov 5.20 0.0021 2.35 1.35 
819 S 4H MBI Guet parv 15.20 0.0181 0.12 2.05 
820 S 4G MYRS Ardi obov 9.00 0.0063 7.55 1.25 
821 M 4G MYRS Ardi obov 9.10 0.0065 9.65 2.90 
822 M 4G MYRS Ardi obov 5.90 0.0027 9.59 2.80 
823 S 4G MYRS Ardi obov 6.40 0.0032 9.30 5.00 
824 S 4G SAPO Chry pauc 5.00 0.0019 6.45 4.80 
825 S 4G MYRS Ardi obov 5.40 0.0022 7.25 6.80 
826 S 4G FABA Andi iner 7.80 0.0047 7.35 7.60 DEAD 7/86 
827 S 4G MYR Psid ampl 5.60 0.0024 4.0 4.55 9.10 
828 S 4G MYRS Ardi obov 8.50 0.0056 3.85 9.20 
829 S 4G MYRS Ardi obov 5.40 0.0022 2.35 8.25 
830 S 4G MYRS Ardi obov 7.10 0.0039 2.00 7.10 
831 S 4G EUPH Marg nobi 46.60 0.1705 17.6 1.75 7.05 
832 S 4G MYRS Ardi cobv 9.60 0.0072 0.75 7.85 
833 S 4G 1IUA Zant mart 17.50 0.0240 2.80 5.70 
834 S 4G MYRS Ardi obov 6.00 0.0028 2.95 5.85 
835 S 4G MYRS Ardi obov 5.50 0.0023 3.75 5.95 
836 S 4G MYRS Ardi dbov 11.30 0.0100 5.00 5.40 
837 S 4G MYRS Ardi obav 6.30 0.0031 5.20 3.15 
838 M 4G MYRS Ardi obov 6.30 0.0031 4.60 3.30 
839 M 4G MYRS Ardi obov 6.00 0.0028 4.51 3.25 
840 S 4G MYRS Ardi obov 7.40 0.0043 2.45 2.75 
841 S 4G MYRS Ardi obov 6.50 0.0033 4.40 1.90 
842 M 4G MYRS Ardi cbov 6.10 0.0029 2.21 1.20 
843 M 4G MYRS Ardi obov 10.30 0.0083 2.05 1.15 
844 S 4F MYRS Ardi axiv 7.80 0.0047 9.45 2.70 
845 S 4F MYRS Ardi obov 5.30 0.0022 8.40 1.25 
846 S 4F MYRT Psid ampl 5.40 0.0022 6.7 7.08 0.65 
847 S 4F FABA Andi iner 19.80 0.0307 14.9 7.64 2.65 
848 S 4F MYRS Ardi obov 7.10 0.0039 6.90 3.60 
849 S 4F MYRT Psid ampl 5.30 0.0022 8.95 5.45 SICK11/85 
850 S 4F MYRT Psid anpl 5.10 0.0020 3.6 8.00 5.20 
851 S 4F SAPO Chry pauc 11.30 0.0100 7.40 7.80 
852 S 4F MYRS Ardi obov 5.10 0.0020 7.85 8.55 
853 S 4F MYRS Ardi cbcv 6.10 0.0029 4.30 8.35 WTHROWN86 
854 S 4F MYRT Psid ampl 6.30 0.0031 7.6 3.85 7.30 
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855 S 4F FABA Andi iner 8.00 0.0050 1.95 8.05

856 S 4F FABA Andi iner 6.00 0.0028 2.35 7.02

857 S 4F MYRS Ardi 
,oov 7.10 0.0039 0.80 5.45
858 S 4F FABA Aivii iner 15.60 0.0191 12.5 3.75 5.65

859 S IF Mv-l Ardi obov 8.20 0.0052 4.95 3.95

860 S 4F 
THYM Daph amer 11.20 0.0098 12.5 4.75 2.35

861 S 4F CAPP Capp anpl 
6.30 0.0031 9.4 3.95 2.20

862 S 4F MIM Inga fagi 27.50 0.0593 18.2 3.75 2.45
863 S 4F MYRS Ardi obov 
6.40 0.0032 4.60 0.89

864 S 4F MYRS Ardi obov 6.90 0.0037 6.4 0.69 1.65
865 S 4E 
FABA Andi iner 11.20 0.0098 1.7 9.65 0.35

866 S 4E MYRS Ardi cbov 
5.30 0.0022 7.80 1.10
867 S 4E MYRS Ardi cov 
5.20 0.0021 7.25 
2.90 WIHROWN85

868 S 4E 
NYCr Guap frag 42.40 0.1411 18.2 5.55 3.75

869 S 4E MYRS Ardi 
bav 5.10 0.0020 8.15 5.40
870 S 4E 
MYRT Psid ampl 6.80 0.0036 7.3 9.00 5.80
871 S 4E 
CAES Hyme cour 34.50 0.0934 18.8 5.50 5.75

872 S 4E 
LAUR Ocot cori 16.30 0.0208 16.4 2.30 7.45
873 S 4E MYRS Ardi c ov 
5.40 0.0022 1.25

874 S 4E SAPI Meli biju 

7.10
 
7.90 0.0049 7.6 4.80 3.20


875 S 4E 
MYRS Ardi obov 5.20 0.0021 0.71 1.45

876 S 4D MYRS Ardi obov 
8.10 0.0051 6.70 
0.45
877 S 4D 
NYCT Guap frag 11.80 0.0109 13.4 5.55 2.70

878 S 4D 
FABA Ardi iner 8.40 0.0055 5.65 3.00

879 S 4D SAPI Meli biju 
6.80 0.0036 8.8 6.45 5.40

880 S 
 4D SAPO Chry pauc 19.20 0.0289 15.5 7.10 6.00

881 S 4D RUBI Fara occi 
6.80 0.0036 5.5 6.90 7.00

882 S 4D MYRS Ardi obov 
5.10 0.0020 2.60 7.50

883 S 4D 
MYRS Ardi obov 5.20 0.0021 1.15 3.65

884 S 4C 
STER Guaz ulmi 44.80 0.1576 9.25 0.45

885 S 4C MYRS Ardi obov 7.30 0.0041 7.65 0.52
886 S 4C 
MIM Inga fagi 5.20 0.0021 6.45 1.35
887 S 4C MIM Inga fagi 22.80 0.0408 4.25 3.70

888 S 
 4C MIM Inga fagi 32.20 0.0814 6.35 6.90

889 S 4C 
RUBI Guet scab 15.70 0.0193 13.7 7.54 7.50

890 S 4C MYRS Ardi obov 
9.10 0.0065 8.95 8.00
891 S 4C 
LAUR Ocot cori 5.70 0.0025 7.95 9.00
892 Z 4C IUBI Guet scab 
8.20 0.0052 8.5 6.40 9.90

893 S 4C 
FABA Andi iner 6.50 0.0033 9.75 1.35
 
894 S 4C 
MYRS Ardi obov 7.70 0.0046 0.85 4.05
895 S 4C 
NYCr Guap frag 22.90 0.0411 15.5 0.10 4.05
896 S 4C 
SAPO Chry pauc 19.70 0.0304 1.00 2.65

897 S 4C 
MYRS Ardi ctobv 9.40 0.0069 4.20 4.40
898 S 4C CAPP Capp anpl 18.50 0.0268 14.0 2.50 2.05

899 ' 4C MYRS Ardi cov 6.30 0.0031 2.65 2.20

900 S 4C 
BIGN Tabe hete 12.30 0.0112 12.2 3.45 1.55

901 S 4C 
FABA Andi iner 26.10 0.0535 5.01 1.20

902 S 4B 
MYRS Ardi obov 11.30 0.0100 6.35 2.20
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903 S 4B FABA Arsdi inser 6.23 0.0030 5.60 4.05 
904 S 4B MYRS Ardi obov 5.20 0.0021 6.50 4.20 
905 S 4B FABA Andi iner 9.60 0.0072 6.25 4.95 
906 S 4B NYCT Guap frag 22.70 0.0404 7.31 5.35 
907 S 4B FABA Andi iner 7.60 0.0045 8.99 5.00 
908 S 4B MYRS Ardi obov 7.00 0.0038 9.90 5.65 
909 S 4B FABA Sabi flor 6.90 0.0037 7.6 9.80 7.00 
910 M 4B MYRS Ardi cxbv 9.40 0.0069 9.1 8.35 9.60 
911 M 4B MYRS Ardi abov 5.10 0.0020 8.25 9.60 
912 S 4B FABA Ardi iner 9.60 0.0072 7.75 8.85 
913 S 4B FABA Andi iner 17.20 0.0232 6.05 9.75 
914 S 4B MYRS Ardi obov 10.70 0.0089 5.10 8.35 
915 S 4B FABA Andi iner 13.70 0.0147 6.90 6.10 WIHPWN85 
916 S 4B FABA Andi iner 6.10 0.0029 5.85 5.80 
917 S 4B IUBI Guet scab 7.10 0.0039 2.85 9.55 
918 S 4B MYRS Ardi obov 6.20 0.0030 3.05 4.30 
919 S 4B MYRS Ardi obov 6.70 0.0035 2.35 4.20 
920 S 4B FABA Andi iner 17.00 0.0226 11.6 2.30 3.30 
921 S 4B MYRS Ardi obov 5.30 0.0022 4.20 2.25 
922 S 4B LAUR Ocot cori 9.70 0.0073 12.5 0.85 0.65 
923 S 4B NYCT Guap frag 43.30 0.1472 14.0 0.15 0.85 
924 S 4A MYRS Ardi obov 11.80 0.0109 9.85 5.15 
925 S 4A CAES Hyme cour 22.80 0.0408 14.3 8.35 5.10 
926 S 4A ERYT Eryt rotu 6.00 0.0028 7.0 6.40 0.66 
927 S 4A ERYT Eryt rotu 6.40 0.0032 6.7 4.35 2.20 
928 S 4A IAUR Ocot cori 6.30 0.0031 3.95 3.00 
929 S 4A BORA Boulr succ 6.20 0.0030 7.6 6.95 4.50 
930 M 4A LAUR Ocot cori 9.00 0.0063 9.65 5.80 
931 M 4A LAUR Ocot cori 17.10 0.0229 10.0 9.90 5.50 
932 S 4A MYIRS Ardi obov 10.70 0.0089 7.65 7.80 
933 S 4A BORA Bour succ 5.50 0.0023 7.0 8.75 9.75 
934 S 4A RBI Guet scab 5.70 0.0025 7.6 7.00 9.55 
935 S 4A MYRS Ardi obav 5.80 0.0026 6.20 8.50 
936 S 4A MYRS Ardi cbov 9.30 0.0067 4.90 9.85 
937 S 4A BORA Cord alli 17.10 0.0229 11.2 3.10 9.40 
938 M 4A IAUR Ocot cori 9.50 0.0070 7.50 6.00 WIBROWN85 
939 M 4A IAR Ocot cori 6.30 0.0031 7.60 0.85 
940 S 4A THYM Daph amer 7.60 0.0045 7.6 1.50 5.95 
941 S 4A MYRS Ardi obov 5.00 0.0019 1.60 6.10 
942 S 4A NYCr Guap frag 6.70 0.0035 0.40 4.40 
943 S 4A MYIq Ardi abov 7.40 0.0043 0.50 4.00 
944 S 4A THYM Daph amer 14.30 0.0160 9.4 2.30 3.10 
945 S 4A THYM Daph amer 5.20 0.0021 6.4 2.25 3.40 
946 S 4A ERYT Eryt rotu 6.90 0.0037 5.2 4.05 6.90 
947 S 4A ERYT Eryt rotu 7.20 0.0040 9.1 5.80 5.70 
948 S 4A FABA Sabi flor 6.70 0.0035 3.10 2.10 
949 S 4A BORA Cord alli 12.80 0.0128 11.2 0.85 1.70 
950 S 4A EUPH Marg nobi 14.70 0.0169 12.5 0.15 0.10 
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951 S 5A FABA Sabi flor 5.30 0.0022 5.2 2.21 0.90
952 S 5A 
NYCr Guap frag 5.20 0.0021 2.10 2.45 DEAD 7/86
953 S 5A FABA Sabi flor 
6.90 0.0037 3.6 1.25 4.35
954 3 5A FABA Andi iner 7.00 0.0038 
 2.15 5.20 SICK11/85

955 S 5A MIM Inga fagi 11.10 0.0096 11.2 3.00 4.55
956a M 5A CLIUS Clus rose 9.10 0.0065 13.7 2.90 5.20


956b M 5A 
CLUS Clus rose 26.20 0.0539 2.90 5.20

957 S 5A 
NYCT Guap frag 12.50 0.0122 2.95 6.30

958 S 
 5A CAES Hyme cour 7.90 0.0049 9.1 2.90

959 S 5A FABA Ardi iner 9.20 0.0066 

7.95
 
1.70 7.85


960 S 5A 
THYM Daph amer 9.50 0.0070 1.85 8.70
961 S 5A MYIRS Ardi obov 
7.50 0.0044 2.05 9.60

962 S 5A FABA Sabi flor 6.20 0.0030 2.95 9.10

963 S 5A THYM Daph amer 9.20 0.0066 11.9 6.20 7.00

964 S 5A SAPI Meli biju 5.40 0.0022 6.1 6.75 8.90

965 S 5A 
NYCT Guap frag 12.20 0.0116 7.25 9.80

966 S 5A MYRS Ardi obov 9.60 0.0072 7.65 8.40

967 S 5A MYRS Ardi obov 7.60 0.0045 8.25 8.50
968 S 5A 
THYM Daph amer 9.20 0.0066 11.6 9.05 7.20

969 S 5A SAPO Q-ry pauc 7.90 0.0049 8.8 8.60 6.50

970 S 5A 
MYRS Ardi obov 8.90 0.0062 7.80 6.80
971 S 5A MYRT Euge mont 5.90 0.0027 9.1 7.40 5.40

972 S 5A NYCT Guap frag 6.80 0.0036 7.35 4.10

973 S 
 5A FABA Sabi flor 5.70 0.0025 8.8 8.05 2.90

974 S 5A NYCT Guap frag 29.60 0.0688 8.60 2.60
975 S 5A FABA Sabi flor 6.20 0.0030 6.7 8.55 5.10
 
976 S 5B MYRT Myrc flor 9.50 0.0070 0.98 0.85
977 S 5B FABA Andi iner 6.00 0.0028 1.22 0.95

978 M 
 5b NYCr Guap frag 12.60 0.0124 2.61 4.60

979 M 5B 
NYCT Guap frag 27.70 0.0602 3.10 4.75

980 M 
 5B NYCr Guap frag 6.90 0.0037 2.89 4.95
981 S MYR
5B Euge mont 
7.10 0.0039 9.7 2.00 3.65

982 S 5B 
MYRT Euge mont 5.00 0.0019 5.8 1.35 3.95
983 S 5B 
MYRT Euge mont C.10 0.0029 8.5 0.95 4.40

984 S 5B MYRT Euge mont 
7.90 0.0049 1.25 
5.45

985 S 5B 14JBI Guet scab 
7.40 0.0043 10.9 0.65 9.40

986 S 5B MYRS Ardi obov 5.60 0.0024 2.65 9.80

987 S 5B 
MYRS Ardi obov 5.80 0.0026 7.0 3.50 8.15

988 S 5B FABA Andi iner 12.60 0.0124 4.60 6.80
989 S 5B MYRS Ardi cbov 5.70 0.0025 6.75 6.15990 S 5B 
EJPH Marg nobi 18.00 0.0254 13.4 5.50 6.05
 
991 S 5B 
EJFH Marg nobi 19.50 0.0298 11.2 6.15 6.50
992 S 5B 
MYRS Ardi obov 6.50 0.0033 5.95 8.90

993 S 5B MYRS Ardi c ov 
5.50 0.0023 6.90 0.95

994 S 5B 
FABA Sabi flor 5.70 0.0025 7.3 8.35 9.00
995 S 5B JUBI Guet scab 9.10 0.0065 15.2 9.90 7.90

996 S 5B MYRS Ardi oyv 6.50 0.0033 9.20 7.2b
 
997 S 5B THYM Daph amer 5.30 0.0022 7.0 9.95 7.10
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APPNDD II. (Conined) 

998 S 5B MYRS Ardi obov 6.50 0.0033 8.30 4.60 
999 S 5B BORA Bour suoc 6.90 0.0037 7.90 3.50 

1000 S 5B FABA Andi iner 8.80 0.0060 8.05 3.00 
1201 M 5B IAUR coot cori 12.10 0.0114 9.4 4.45 2.00 
1202 M 5B IAUR Ooot cori 6.00 0.0028 4.41 1.80 
1203 S 5B NYCT Guap frag 12.60 0.0124 5.33 0.10 
1204 S 5B SAPO Chry pauc 12.40 0.0120 6.20 0.52 
1205 S 5B MYRS Ardi ov 10.10 0.0080 8.40 1.40 
1206 S 5B THYM Daph amer 8.70 0.0059 14.0 9.65 2.20 
1207 S 5C EUPH Marg nobi 38.40 0.1158 14.6 2.21 0.90 
1208 S 5C BIGN Tabe hete 9.90 0.0076 10.3 4.40 0.78 
1209 S 5C EUPH Marg nobi 8.60 0.0058 8.2 3.90 1.10 SICK11/85 
1210 S 5C MYRS Ardi cbov 8.00 0.0050 2.95 1.90 
1211 S 5C SAPO Chry pauc 6.10 0.0029 9.1 1.40 2.25 
1212 S 5C NYCT Guap frag 6.20 0.0030 3.15 2.90 
1213 S 5C MYRS Ardi obov 7.30 0.0041 0.55 3.60 
1214 S 5C MORA Ficu trig 63.30 0.3147 19.1 3.80 4.80 
1215 S 5C LAUR Ocot cori 5.60 0.0024 3.10 7.60 
1216 S 5C FABA Andi iner 8.90 0.0062 6.50 7.60 
1217 M 5C BIGN Tabe hete 6.60 0.0034 6.7 9.80 9.75 
1218 M 5C BIGN Tabe hete 6.70 0.0035 9.90 9.95 
1219 S 5C BIGN Tabe hete 9.00 0.0063 10.6 9.50 4.60 
1220 S 5C FABA Sabi flor 6.40 0.0032 7.9 9.55 4.50 
1221 S 5C CIJS Clus rose 32.80 0.0844 18.8 9.70 4.40 
1222 S 5C MYRS Ardi obov 5.60 0.0024 5.30 1.65 
1223 S 5C RJPH Marg nobi 6.20 0.0030 6.7 6.21 1.50 
1224 S 5C FABA Andi iner 22.00 0.0380 16.4 6.10 3.35 
1225 S 5C MYRS Ardi obov 7.50 0.0044 8.20 2.40 
1226 S 5C TUBI Guet scab 15.50 0.0188 13.7 8.15 3.05 
1227 S 5D BIGN Tabe hete 18.30 0.0263 15.8 0.20 3.15 
1228 S 5D IAUR Ocot cori 7.60 0.0045 10.6 2.25 2.40 
1229 S 5D RUBI Guet scab 6.10 0.0029 8.8 2.00 4.00 
1230 S 5D MYRS Ardi obov 6.50 0.0033 1.20 5.50 
1231 S 5D BIGN Tabe hete 15.70 0.0193 1.05 6.50 
1232 S 5D JBI Guet scab '4.10 0.0156 1.12 6.80 
1233 S 5D RUBI Guet scao 10.00 0.0078 0.98 7.20 
1234 S 5D BIGN Tabe hete 9.10 0.0065 1.01 8.65 
1235 M 5D BIGN Tabe hete 6.90 0.0037 2.45 9.50 
1236 M 5D BIGN Tabe hete 11.00 0.0095 2.65 9.70 
1237 S 5D MYRS Ardi obov 6.00 0.0028 2.65 9.70 
1238 S 5D FXPH Marg nobi 18.60 0.0271 11.2 5.90 9.80 
1239 S 5D MIM Irga fagi 29.20 0.0669 18.2 6.20 8.85 
1240 S 5D MYRS Ardi cbov 6.20 0.0030 6.60 8.65 
1241 S 5D IUJBI Guet scab 8.90 0.0062 10.9 8.85 9.50 
1242 S 5D BIGN Tabe hete 5.70 0.0025 6.4 8.95 9.00 
3243 S 5D MYRS Ardi obov 8.60 0.0058 8.8 8.95 8.50 
1244 S 5D BIGN Tabe hete 8.70 0.0059 7.00 7.65 
1245 S 5D MYRS Anii obov 6.30 0.uG3l 3.10 7.40 
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APPENDIX II. (Continued)
1246 M 5D 
FABA Andi iner 9.20 0.0066 6.95 6.15
1247 M 5D FABA Andi iner 
6.40 0.0032 6.92 6.00
1248 S 5D 
BORA Bour succ 11.10 0.0096 10.6 7.20 5.30
1249 S 5D 
MYRT Euge mont 6.70 0.0035 8.2 7.45 5.401250 S 5D 
BIGN Tabe hete 12.40 0.0120 6.85 5.30
1251 S 5D MYRS Ardi cbov 6.20 0.0030 5.60 3.60
1252 S 
 5D RBI Guet scab 19.20 0.0289 7.60 3.551253 S 5D MIMD 
Inga fagi 35.60 0.0995 18.2 7.90 2.30
1254 S 5D FLAC Case sylv 
5.00 0.0019 6.7 5.80 1.50

1255 S 5E MIMD 
Inga fagi 14.20 0.0158 1.45 0.20
1256 S 5E MIND 
Irga fagi 17.30 0.0235 1.72 1.05
1257 S 
 5E MIM Inga fagi 18.10 0.0257 2.65 1.15
1258 S MYRr
5E yrc flor 6.80 0.0036 8.5 4.32 0.75
1259 S 5E 
SAPI Meli biju 12.50 0.0122 13.4 4.85 1.85
1260 S 5E MYRS Ardi obov 
6.40 0.0032 4.20 2.95
1261 S 5E MYRS Ardi obov 
8.90 0.0062 1.15 
4.05
1262 S 
 5E FABA Andi iner 16.80 0.0221 17.6 0.35 7.50
1263 S 5E MYRS Ardi obov 
5.30 0.0022 0.15 
 8.00
1264 S 5E 
MYRS Ardi ahov 11.50 0.0103 2.45 9.90
1265 S 5E MYRS Ardi abov 
6.80 0.0036 2.45 9.80
1266 S 5E SAPI Cupa triq 
8.80 0.0060 12.5 3.80 
7.75
1267 S 5E MIM Inga fagi 14.60 0.0167 16.1 9.75 9.95
1268 S 5E 
IAUR Ocot oori 13.00 0.0132 8.25 6.50
1269 S 5E 
MYRS Ardi abov 10.60 0.0088 7.65

1270 S 5F SAPI Meli biju 

2.25
 
5.10 0.0020 4.0 1.10 1.45
1271 S 5F 
MYRT Psid amp] 5.20 0.0021 1.25 2.10
1272 S 5F MYRS Ardi obaov 5.00 0.0019 5.2 1.15 2.60
1273 S 5F 
MYRS Ardi abov 13.30 0.0138 0.15 3.50
1274 S 5F FLAC Case guia 
8.20 0.0052 0.98 5.60
1275 S 5F 
MIMD Inga fagi 35.70 0.1000 0.60 6.15
1276 S 5F 
SAPO Chry pauc 24.50 0.0471 18.5 2.40 9.90
1277 S 5F ILAUR Ocot cori 13.00 0.0132 10.6 3.65 6.65
1278 S 5F MYRS Ardi obv 
6.30 0.0031 2.80 
 8.25
1279 S 
 5F CAES Hyme cour 23.60 0.0437 17.3 9.55 9.90
1280 S 5F 
CAES Hyme cour 43.20 0.1465 20.1 9.10 8.00
1281 S 5F 
LAUR Ocot oori 8.70 0.0059 7.60 7.55
1282 S 5F MYRS Ardi obaov 6.50 0.0033 6.90 5.85
1283 S 5F BORA Cord coll 
9.10 0.0065 11.2 7.25 
4.55
1284 S 5F 
SAPI Meli biju 12.80 0.0128 14.9 4.55 5.45
1285 S 5F FABA Andi ine 
27.40 0.0589 4.30 
5.90
1286 S 5F 
MYRS Ardi obov 
5.00 0.0019 2.40 
3.25
1287 S 5F 
MYRS Ardi obov 13.20 0.0136 3.80 1.60
1288 S 5F 
MYRS Ardi abov 12.30 0.0118 6.55 1.38
1289 S 5F MIM Inra fagi 10.20 0.0081 12.8 8.45 3.65
1290 S 5F 
FABA Anti iner 18.20 0.0260 9.50 0.62
1291 S 5G MYRS Ardi obcv 
5.30 0.0022 0.75 1.25
1292 S 5G MYRS Ardi ahov 
6.70 0.0035 1.75 
2.25
1293 S 5G MYRS Ardi obv 
6.90 0.0037 3.41 0.82
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APPENDIX II. (Continued) 
1294 S 5G MYRS Ardi cbov 9.90 0.0076 4.15 2.05 
1295 S 5G MYRS Ardi obov 8.00 0.0050 2.55 3.40 
1296 S 5G MYRS Ardi obav 5.00 0.0019 2.91 4.35 
1297 S 5G MYRS Ardi obov 11.60 0.0105 0.95 3.85 
1298 S 5G MY1S Ardi obov 11.90 0.0111 0.22 4.70 
1299 S 5G MYRS Ardi obav 6.80 0.0036 1.05 5.70 
1300 S 5G MYRS Ardi obov 8.10 0.0051 2.65 6.35 
1301 S 5G MIM Irca fagi 14.50 0.0165 9.95 0.50 
1302 S 5G MIM Inga fagi 7.80 0.0047 2.36 7.60 
1303 S 5G MYRS Ardi obov 6.60 0.0034 2.40 9.90 
1304 S 5G MYRS Ardi obov 9.50 0.0070 4.05 8.30 
1305 S 5G MYRS Ardi cbov 5.40 0.0022 6.85 9.00 
1306 S 5G FIAC Case deca 6.20 0.0030 11.2 8.80 9.90 DEAD11/85 
1307 S 5G MYRS Ardi obov 11.70 0.0107 8.95 9.80 
1308 S 5G MYRS Ardi obov 6.00 0.0028 9.45 9.15 
1309 S 5G MYRS Ardi obov 11.30 0.0100 9.80 7.30 
1310 S 5G MYRS Ardi obov 10.50 0.0086 9.00 7.20 
1311 S 5G l'IRS Ardi obov 10.10 0.0080 5.65 7.70 
1312 M 5G MYRS Ardi obov 12.50 0.0122 6.10 4.80 
1313 M 5G MYRS Ardi obov 10.20 0.0081 6.20 4.60 
1314 S 5G SAPO Chry pauc 5.60 0.0024 8.10 3.90 
1315 S 5G MYRS Ardi obov 5.40 0.0022 6.35 2.20 
1316 S 5G MYRS Ardi obov 9.30 0.0067 9.52 3.55 
1317 S 5G MYRS Ardi obov 7.70 0.0046 9.7 8.45 2.60 
1318 S 5G MYRS Ardi obov 6.90 0.0037 9.10 2.40 
1319 S 5H SAP1 Meli biju 5.40 0.0022 7.9 0.45 4.00 
1320 S 5H SAPI Meli biju 11.20 0.0098 8.5 3.30 0.10 
1321 S 5H MYRS Ardi obov 6.80 0.0036 3.35 1.65 
1322 S 5H NYCT Guap frag 20.30 0.0323 13.1 1.85 3.45 
1323 S 5H SAPO Chry pauc 9.20 0.0066 2.75 4.90 
1324 S 5H MYRS Ardi cbov 10.70 0.0089 7.20 1.85 
1325 S 5H NYCT Guap frag 11.20 0.0098 0.13 9.00 
1326 S 5H STER Guaz ulmi 50.60 0.2010 15.2 2.60 8.65 
1327 S 5H MYRS Ardi obov 7.60 0.0045 6.35 9.40 
1328 S 5H SAPO Chry pauc 9.60 0.0072 7.95 9.45 
1329 S 5H FLAC Case guia 5.40 0.0022 7.0 6.90 6.50 
1330 S 5H MYRS Ardi obov 5.90 0.0027 5.75 8.10 
1331 S 5H SAPO Chry egge 21.70 0.0369 18.8 5.35 6.55 
1332 S 5H MYRS Ardi obov 7.70 0.0046 7.00 6.30 
1333 S 5H MIM Inga fagi 23.10 0.0419 12.2 7.05 4.70 
1334 S 91 MYRS Ardi oov 5.40 0.0022 3.80 4.20 
1335 S 5H MYRS Ardi obov 5.60 0.0024 7.60 2.30 
1336 S 5H SAPO Chry egge 16.20 0.0206 13.4 8.60 2.55 
1337 S 5H SAPI Meli biju 6.80 0.0036 7.3 9.65 2.00 
1338 S 5H MYRS Ardi obov 9.80 0.0075 8.05 0.89 
1339 S 5H MYRS Ardi obov 7.70 0.0046 8.85 1.10 
1340 S 51 FLAC Case guia 5.80 0.0026 8.8 0.08 0.55 
1341 S 5I MYRS Ardi obov 11.20 0.0098 1.90 1.70 
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APPENDIX II. (Continued)
1342 S 51 FLAC Case guia 
8.80 0.0060 10.6 3.45 1.95

1343 S 51 MYRS Ardi obov 7.00 0.0038 3.45 2.05

1344 S 5I MYIRS Ardi obov 5.40 0.0022 0.75 3.65

1345 S 51 
MYRS Ardi cbov 6.30 0.0031 2.90 4.95
 
1346 S 51 
NYCi' Guap frag 33.80 0.0897 2.55 6.10

1347 S 5I 
FIAC Case guia 5.70 0.0025 8.2 0.75 7.65

1348 S 5I NORA Ficu trig 39.50 0.1225 14.6 2.58 8.60
1349 S 5I FTAC Case gula 
5.00 0.0019 4.70 6.40 DEAD 7/86
1350 S 5I 
MYRS Ardi obov 7.90 0.0049 9.7 5.40 6.30

1351 S 5I 
NYCT Guap frag 34.10 0.0913 7.54 8.60
1352 S 51 
 LAUR Ocot cori 10.10 0.0080 9.1 8.65 9.65
 
1353 S 5I MYRS Ardi obov 6.60 0.0034 8.70 8.50

1354 S 5I MYRS Ardi obov 
7.70 0.0046 6.25 9.65

1355 S 5I MYRS Ardi obov 
7.20 0.0040 6.75 6.30

1356 S 5I NYCT Guap frag 31.90 0.0799 6.45 4.00

1357 S 5I 
MYRS Ardi obov 7.10 0.0039 6.60 4.00

1358 S 51 MYRS Ardi obov 
7.20 0.0040 6.90 3.60

1359 S 51 MYRS Ai di abcv 
9.60 0.0072 8.35 4.35

1360 S 
 5I FLAC Case guia 14.50 0.0165 12.8 9.20 4.85

1361 S 51 NYCT Guap frag 
7.30 0.0041 9.1 7.05 2.90

1362 S 5I MIM 
Inga fagi 5.60 0.0024 6.7 4.70 0.97

1363 S 5I 
MYRS Ardi obov 10.50 0.0086 7.30 1.10

1364 S 51 
 FIAC Case guia 11.50 0.0103 12.2 8.01 0.58

1365 S 
 5I SAO Chy pauc 11.50 0.0103 11.6 9.82 0.71

1366 S 5J MYRS Ardi obov 
9.40 0.0069 0.40 1.35

1367 S 5J 
LAUR Ocot cori 8.00 0.0050 3.25 2.05

1368 S 5J LAUER Ocot cori 
5.80 0.0026 3.90 4.15

1369 S 5J MYRS Ardi obov 
7.10 0.0039 0.30 4.10

1370 M 
 5J SAPI Meli biju 10.10 0.0080 0.35 6.60

1371 M 53 
SAPI NOli biju 21.60 0.0366 14.0 0.25 6.75

1372 M 5J 
SAPI Meli biju 20.10 0.0317 0.45 6.95
1373 M 5J 
SAPI Meli biju 19.30 0.0292 0.60 6.70

1374 S 5J MYRS Ardi obov 
5.80 0.0026 1.25 7.45

1375 S 5J FLAC Case guia 
5.30 0.0022 8.2 1.32 7.30
1376 S 53 FLAC Case guia 
7.40 0.0043 9.4 2.90 9.20

1377 S 53 
CIJS Clus rose 32.50 0.0829 10.0 3.40 5.60
 
1378 S 53 MYRS Ardi obov 
6.50 0.0033 4.80 8.70

1379 S 5J 
SAPI Meli biju 14.40 0.0162 11.2 5.65 8.25

1380 S 53 MYRS Ardi obov 
6.30 0.0031 9.00 8.10

1381 S 53 MYRT My=o flor 
8.10 0.0051 10.3 9.70 8.35

1382 S 53 MYRS Ardi obov 5.80 0.0026 9.96 7.00

1383 S 5 MYRS Ardi obov 
5.90 0.0027 8.80 6.60

1384 S 5 
 NYCT Guap frag 33.10 0.0860 14.0 7.75 5.40

1385 S 5J RUBI Guet parv 
8.40 0.0055 7.50 5.00 DEAD 7/86
1386 S 5J 
LAUR Ocot cori 5.80 0.0026 7.6 6.30 4.80

1387 S 53 SAPO Qhry pauc 
5.90 0.0027 5.55 3.35

1388 M 53 
MYRS Ardi obov 8.60 0.0058 6.10 1.30

3389 M 
 53 MYRS Ardi obov 5.00 0.0019 6.10 1.36
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APPENDIX 
1390 S 
1391 S 
1392 S 
1393 S 
1394 M 
1395 M 

II. 
5J 
5J 
5J 
5 
5J 
5J 

(Continued) 
MYRS Ardi obov 7.10 0.0039 
MYRS Ardi cbov 6.50 0.0033 
FLAC Case guia 10.50 0.0086 
MYRS Ardi cbov 5.30 0.0022 
MYRS Ardi obov 6.50 0.0033 
MYIRS Ardi obov 7.40 0.0043 7.3 

6.40 
7.31 
7.95 
8.02 
8.97 
9.25 

0.30 
3.80 
4.40 
4.35 
1.40 
1.65 

1199 15.82 
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DATA SHEES FOR ST. JOHN FOREST DYNAMICS SIUDY
 

Date: August, 1987
 
Plot Number: 3 (1A-5O)
 
Plot Locale: Hawksnest
 

TAG SIM SPIT FAM SPECIES DEH86 BA AREA HGT 
 X Y 
nn S IA DEAD STEM 
 6.72 0.0035 
nr S IC DEAD STEM 


7.72 0.0046 
 -

nn S IC DEAD STEM 
 8.10 0.0051  -nn S IC DEAD STEM 7.24 0.0041  -
nn S IC DEAD SM 
 8.90 0.0062 
nn S ID DEAD STEM 


10.80 0.0091 
 -nn S ID DEAD STEM 8.50 0.0056 

nn S 1E DEAD STEI 


8.90 0.0062 
nn S 5C FABA Andi iner 14.90 0.0174 

1 S 1A r4YRC Ardi obov 


8.30 0.0054 0.05 2.712 S 1A 1AUR Ocot cori 6.73 0.0035 0.70 3.31
3 S IA MYRC Ardi obov 
6.53 0.0033 1.80 3.01

4 S 1A FABA Sabi flor 8.61 0.0058 6.07 2.05 3.99
5 S 1A LAUR Ocot cori 6.63 0.0034 1.65 5.15

6 S IA [AUR Ocot cori 5.85 0.0026 0.70 8.05
7 S IA SAPI Meli biju 6.00 0.0028 3.55 9.82
8 S IA POLY Cocc micr 15.20 0.0181 8.40 

9 M 1A SAPI Meli biju 

9.59 
5.65 0.0025 8.70 8.05


10 M 1A SAPI Meli biju 6.49 0.0033 8.55 7.90

11 M 1A 
SAPI Meli biju 7.29 0.0041 9.72 8.50 7.85
12 S IA RJBI Guet elli 7.80 0.0047 5.85 6.45
13 S 1A SOLA Sola poly 5.50 0.0023 5.90 2.92
14 S 1A 
NYCT Guap frag 10.20 0.0081 10.6 6.60 2.95

15 M 1A SAPI Meli biju 5.60 0.0024 5.70 0.75

16 M 1A 
SAPI Meli biju 10.30 0.0083 5.20 0.65

17 M IA BORA Cord alli 16.40 0.u211 6.95 1.10
18 M IA BORA Cord alli 11.90 0.0111 6.80 1.40

19 M IA BORA Cord alli 10.50 0.0086 7.10 1.45 
20 M IA BORA Cord alli 7.20 0.0040 7.00 1.50
21 M IA BORA Cord alli 11.50 0.0103 7.35 1.15

22 S 2B 
SAPI Meli biju 17.60 0.0243 1.25 2.61

23 S 2B SAPI Meli biju 5.30 0.0022 2.40 1.67
 
24 S 1B 
SAPI Meli biju 20.10 0.0317 10.9 2.85 2.55

25 S 2B SAPI Meli biju 6.70 0.0035 1.70 3.58

26 S 1B SAPI Meli biju 
8.25 0.0053 7.44 3.80 4.98
27 M 1B SAPI Meli biju 15.05 0.0177 3.20 8.40
28 M 1B SAPI Meli biju 5.10 0.0020 3.55 9.00

29 M 1B 
SAPI Meli biju 13.50 0.0143 3.70 9.17

30 M 1B SAPI Meli biju 5.40 0.0022 3.90 9.08

31 M 1B SAPI Meli biju 5.55 0.0024 4.10 9.12
 
32 S 1B SAPI Meli biju 
5.81 0.0026 7.60 8.70
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APPENDIX III. (Continued) 
33 S lB FABA Andi iner 10.08 0.0079 6.38 8.70 8.75 
34 S lB lAUR Ocot cori 13.80 0.0149 15.1 9.70 8.82 
35 S 1B SAPI Meli biju 5.45 0.0023 8.62 7.12 
36 S 1B SAPI Meli biju 6.08 0.0029 6.15 6.82 
37 S lB SAPO Bume sali 19.19 0.0289 6.05 6.89 
38 S 1B SAPI Meli biju 11.39 0.0101 4.70 6.10 
39 M 1B SAPI Meli biju 5.60 0.0024 5.55 4.65 
40 M lB SAPI Meli biju 6.78 0.0036 4.50 5.49 
41 S lB SAPI Meli biju 6.30 0.0031 6.20 5.51 
42 M lB SAPI Meli biju 5.27 0.0021 11.5 9.90 5.66 
43 S 1B SAPI Meli biju 8.05 0.0050 7.85 4.05 
44 M IB SAPI Meli biju 11.18 0.0098 6.45 0.55 
45 M lB SAPI Meli biju 5.10 0.0020 6.15 0.55 
46 M lB SAPI Meli biju 8.70 0.0059 5.80 0.35 
47 M IB SAPI Meli biju 11.11 0.0096 5.85 0.45 
48 S 1B lAUR Ocot cori 6.21 0.0030 9.95 0.15 
49 S IC ANAC Mang indi 50.30 0.1987 10.3 0.95 1.92 
50 S IC SAPI Meli biju 5.15 0.0020 3.20 2.75 
51 S IC SAPI Meli biju 8.39 0.0055 4.85 0.98 
52 S IC FABA Anidi iner 14.00 0.0153 10.0 3.80 6.41 
53 S IC SAPI Meli biju 12.45 0.0121 2.45 6.54 
54 M IC SAPI Meli biju 5.15 0.0020 2.00 5.91 
55 M IC SAPI Meli biju 5.50 0.0023 1.95 5.70 
56 M IC SAPI Meli biju 7.90 0.0049 0.18 4.85 
57 M IC SAPI Meli biju 7.30 0.0041 0.22 5.25 
58 S IC SAPI Meli biju 10.25 0.0082 2.00 7.10 
59 S IC VERB Cith frut 8.17 0.0052 0.35 9.79 
60 M IC SAPI Meli biju 6.85 0.0036 2.40 9.20 
61 M IC SAPI Meli biju 5.70 0.0025 2.60 8.64 
62 M IC SAPI Meli biju 6.30 0.0031 3.05 9.00 
63 M IC SAPI Meli biju 5.82 0.0026 2.95 9.89 
64 S IC SAPI Meli biju 5.51 0.0023 8.00 9.50 
65 M IC SAPI Meli biju 11.47 0.0103 9.75 6.81 
66 M IC SAPI Meli biju 6.40 0.0032 6.10 5.85 
66 M IC SAPI Meli biju 11.00 0.0645 6.10 5.85 
67 M IC SAPI Meli biju 5.10 0.0020 5.95 6.01 
67 M IC SAPI Meli biju 9.93 0.0077 10.3 5.95 6.01 
68 M IC SAPI Meli biju 5.19 0.0021 6.30 5.96 
68 M IC SAPI Meli biju 5.70 0.0025 6.30 5.96 
69 S IC SA-PI Meli biju 6.15 0.0029 8.80 1.85 
70 S IC LAUR Ocot cori 8.05 0.0050 9.00 1.63 
74 S ID FABA Andi iner 8.60 0.0058 1.20 8.12 
75 S 1D FABA Andi iner 6.70 0.0035 1.40 9.25 
76 M ID SAPI Meli biju 10.10 0.0080 2.35 2.97 
77 M ID SAPI Meli biju 5.80 0.0026 2.65 2.59 
78 M 1D SAPI Meli biju 5.90 0.0027 2.30 2.70 
79 M 1D SAPI Meli biju 5.20 0.0021 2.30 2.51 
80 S 1D LAUR Ocot cori 5.10 0.0020 2.70 1.74 
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81 S ID 
FABA Andi iner 5.70 0.0025 2.60 0.30

82 S ID SAPI Meli biju 
6.90 0.0037 3.80 0.05 
83 S ID SAPI Meli biju 6.00 0.0028 3.90 
84 S ID SAPI Meli biju 

4.73 
5.10 0.0020 4.80 4.20


85 M ID 
SAPI Meli biju 5.90 0.0027 7.80 7.80

86 M ID 
SAPI Meli biju 13.00 0.0132 8.15 7.90

87 M ID SAPI Meli biju 10.70 0.0089 8.00 8.55

88 S ID 
LAUR Ocot cori 10.30 0.0083 9.42 8.10 7.20
 
89 M ID VERB Cith frut 12.50 0.0122 7.95 7.11
90 M ID VERB Cith frut 10.80 0.0091 7.59 7.85 6.96

91 M ID SAPI Meli biju 14.50 0.0165 6.65 4.00
 
92 M ID SAPI Meli biju 8.80 0.0060 6.40 4.22

93 M ID SAPI Meli biju 5.70 0.0025 6.45 3.92
 
94 M ID 
SAPI Meli biju 5.60 0.0024 6.70 3.87

95 M ID SAPI Meli biju 12.50 0.0122 6.30 3.75
96 M ID SAPI Meli biju 5.30 0.0022 5.90 4.25
97 S ID VERB Cith frut 5.10 0.0020 9.10 0.70
98 M ID SAPI Meli biju 5.20 0.0021 9.50 0.00 
99 M ID 
SAPI Meli biju 6.90 0.0037 9.80 0.05


100 M ID SAPI Meli biju 
5.80 0.0026 9.55 0.15

101 M ID SAPI Meli biju 6.90 0.0037 .95 4.59
102 M ID SAPI Meli biju 7.90 0.0049 8.65 4.63
103 M ID SAPI Meli biju 6.60 0.0034 8.80 4.80

104 S ID BORA Cord coli 10.80 0.0091 9.10 5.45
105 S ID 
FABA Arxii iner 12.50 0.0122 9.11 8.75 7.85
 
106 S ID IAUR Ocot cori 
7.30 0.0041 9.10 9.65
107 S ID SAPI Meli biju 5.20 0.0021 9.85 2.60
 
108 S 1E SAPI Meli biju 
5.50 0.0023 0.50 0.79

109 S 1E FIAC Case guia 5.10 0.0020 0.30 4.35

110 S 1E IAUR Ocot cori 
9.50 0.0070 9.42 1.50 4.25

11 M 1E SAPI Meli biju 27.60 0.0598 9.11 3.20 8.30
 
112 M 1E 
SAPI Meli biju 7.00 0.0038 3.00 8.15
113 M 1E 
SAPI Meli biju 11.90 0.0111 3.20 7.82
 
114, M 
 1E SAPI Meli biju 10.20 0.0081 3.60 7.45
 
115 M 1E 
SAPI Meli biju 10.70 0.0089 3.80 7.62

116 M 1E SAPI Meli biju 
8.50 0.0056 3.60 6.67
117 M 1E SAPI Meli biju 7.40 0.0043 3.55 6.56

118 M 1E SAPI Meli biju 6.30 0.0031 3.40 6.50
 
119 M 1E SAPI flii biju 7.50 0.0044 3.40 6.71

120 S 1E BORA Cord coll 8.80 0.0060 4.10 5.40

121 M 1E SAPI Meli biju 5.00 0.0019 3.10 4.05

122 M 1E 
SAPI Meli biju 6.00 0.0028 3.40 3.96

123 M 1E 
SAPI Meli biju 5.10 0.0020 4.35 3.35

124 S IE BORA Cu~rd coll 14.80 0.0172 9.72 4.65 3.79 
125 S 1E RUBI Guet elli 8.00 0.0050 6.80 1.75
126 S 1E IAUR Ocot cori 5.70 0.0025 8.20 2.00
127 M 1E SAPO Bume obov 7.10 0.0039 5.77 9.80 0.35
128 M 1E 
SAPO Bume obv 6.50 0.0033 9.85 0.30 
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129 M 1E SAPO Bume oov 7.00 0.0038 0.20 0.43 
130 M 1E SAPO Bume Nov 5.50 0.0023 0.12 0.29 
131 M 1E SAWO Bume &bov 7.10 0.0039 0.10 0.20 
132 M 1E SAPI Meli biju 8.10 0.0051 8.65 4.82 
133 M 1E SAPI Meli biju 6.30 0.0031 3.50 4.85 
134 M 1E SAPI Meli biju 7.80 0.0047 8.40 5.00 
135 S 1E IAUR Ocot cori 7.30 0.0041 8.25 4.85 
136 S IE VERB Cith frut 6.90 0.0037 8.50 8.30 
137 S IE SAPI Meli biju 8.10 0.0051 5.50 8.90 
138 M 1E SAPI Meli biju 9.40 0.0069 6.85 9.95 
139 M 1E SAPI Meli biju 5.10 0.0020 6.55 9.85 
140 M IE SAPI Meli biju 5.20 0.0021 6.45 9.80 
141 M 1E SAPI Meli biju 7.30 0.0041 6.35 9.85 
142 M 1E SAPI Meli biju 7.20 0.0040 6.35 9.85 
143 M 1E SAPI Meli biju 11.10 0.0096 6.35 9.85 
144 S IF RHAM Krug ferr 5.70 0.0025 2.35 2.20 
145 S IF LAUR Ocot cori 5.30 0.0022 2.25 0.55 
146 S IF RHAM Krug ferr 5.30 0.0022 4.30 1.85 
147 S IF RHAM Krug ferr 6.20 0.0030 5.40 2.65 
148 M IF MYRT Euge bifl 7.00 0.0038 6.68 4.12 3.12 
149 M iF MYRT Euge bifl 8.60 0.0058 4.10 3.00 
150 S F FIAC Case guia 7.40 0.0043 0.50 4.20 
151 M F SAPI Meli biju 8.50 0.0056 0.32 5.70 
152 M iF SAPX Meli biju 5.50 0.0023 0.42 5.65 
153 M 1E SAP Meli biju 5.60 0.0024 8.01 4.85 
154 M iF SAPI Meli biju 10.50 0.0086 0.55 7.15 
155 M iF SAPI Meli biju 6.20 0.0030 0.37 7.35 
156 M iF SAPI Meli biju 7.30 0.0041 0.85 7.50 
157 M iF SAPI Meli biju 5.50 0.0023 0.72 7.62 
158 M IF SAPI Meli biju 8.50 0.0056 0.80 7.90 
159 S IF LAUR Ocot cori 5.70 0.0C25 1.10 9.20 
160 S F BORA Bour suca 19.70 0.0304 8.51 3.50 8.60 
161 S F MYRT Euge mont 8.70 0.0059 8.81 6.40 7.10 
162 S F MORA Ficu citr 1.50 0.0103 6.90 5.00 
163 S F SAPI Meli biju 5.01 0.0019 7.20 2.65 
164 S IF SAPI Meli biju 8.40 0.0055 8.80 4.56 
165 S iF RHAM Krug ferr 7.15 0.0040 9.60 4.45 
166 S 1F BORA Cord alli 13.00 0.0132 9.72 9.65 4.25 
167 S IF NU-JM Krug ferr 5.90 0.0027 9.40 3.70 
168 S IF SAPI Meli biju 6.80 0.0036 9.40 3.30 
169 S IF NYCT Guap frag 16.00 0.0201 7.90 9.30 3.20 
170 S IF SAPO Bume bcbv 17.20 0.0232 10.0 9.80 0.10 
171 S F RHAM Krug ferr 5.90 0.0027 7.8a 0.10 
172 S IG MIM Leuc leuc 8.50 0.0056 6.68 1.10 0.32 
173 M IG SAPI Meli biju 11.70 0.0107 2.40 0.85 
174 M IG SAPI ali biju 5.50 0.0023 2.30 0.75 
175 M IG SAPI Meli biju 5.45 0.0023 2.40 0.45 
176 S IG ANAC Como dodo 6.70 0.0035 5.00 1.85 
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177 S IG 
SAPI Meli biju 15.75 0.0194 5.35 4.69

178 S IG SAPI Meli biju 
7.70 0.0046 7.29 2.80 5.88
179 S IG IAUR Ocot Cori 8.25 0.0053 4.85 7.60
180 M IG 
SAPI Meli biju 11.25 0.0099 0.90 8.40
181 M IG 
SAPI Meli biju 14.10 0.0156 1.05 9.15

182 M IG 
SAPI Meli biju 9.75 0.0074 2.90 9.92
183 M 
 IG SAPI Meli biju 5.00 0.0019 3.00 9.70

184 S IG MEIA Tetr elae 9.00 0.0063 5.20 7.90
185 S IG 
SAPI Meli biju 6.90 0.0037 8.95 9.90

186 S IG NYCT Guap frag 37.70 0.1116 11.5 9.30 7.20

187 S IG RHAM Krug ferr 6.00 0.0028 6.10 8.50
188 S IG 
BORA Bour succ 11.55 0.0104 9.50 4.50
189 S IG RHAM Krug ferr 
5.15 0.0020 8.25 
0.25

190 S 
 IH PALM Cocc alta 7.90 0.0049 2.05

191 S 1H IAUR Ocot cori 5.00 0,0019 

0.50
 
5.65 0.60
192 S IH BORA Bour succ 8.75 0.0060 5.40 4.00
193 S IH CEIA Mayt elli 8.30 0.0054 2.65 6.00
194 S IH BORA Bour succ 13.75 0.0148 2.85 6.30
195 S 1H 
MYRF Euge mont 7.63 0.0045 0.72 5.40


196 S IH MYRT Euge mont 5.30 0.0022 0.42 6.40
197 S IH 
BORA Bour succ 12.10 0.0114 0.35 8.30
198 S IH BORA Cord alli 
5.30 0.0022 0.21 8.81

199 S IH 
BURS Burs sina 19.45 0.0297 2.25 9.65
200 S IH SAPI Meli biju 10.10 0.0080 4.50 7.32
201 M 1H BORA Bour succ 7.40 0.0043 6.95 
3.00
202 M IH 
BORA Bour succ 12.00 0.0113 6.87 2.90

203 S IH BURS Burs sima 5.80 0.0026 7.10 1.20

204 S 1H BURS Burs sima 7.30 0.0041 5.47 8.00 1.60

205 S IH FABA Pisc cart 5.80 0.0026 9.30 0.45
206 S IH 
SAPI Meli biju 31.40 0.0774 9.42 9.50 0.80

207 S IH SAPI Meli biju 8.10 0.0051 9.20 3.40
208 S IH SAPI Meli biju 10.60 0.0088 7.59 7.25 5.60
209 M IH SAPI Meli biju 6.20 0.0030 7.10 5.55
210 M 1H SAPI Meli biju 5.10 0.0020 6.90 5.10

211 S IH SAPI Meli biju 5.90 0.0027 7.90 0.40
212 S 
 IH MYRC Ardi obav 10.20 0.0081 6.10 9.85213 S IH SAPI Meli biju 52.00 0.2123 7.80 8.12
214 S IH BUS Buns sima 6.30 0.0031 8.75
215 S IH CELA Mayt elli 5.70 0.0025 

7.57 
6.25 7.91


216 S IH LAUR Ocot cori 9.20 0.0066 
 6.25 7.82
217 S 1I MYRC Ardi obov 5.60 0.0024 0.45 8.00

218 S 1I FLAC Case deca 6.00 0.0028 1.80 9.95
219 S 
 1I FLAC Case deca 7.30 0.0041 1.60 9.95

220 S 1I 
IAUR Ooot cori 39.00 0.1194 9.00 3.00
221 S 1I 
 SAPI Meli biju 8.50 0.0056 0.15 6.10
222 S 1I SAPI Meli biju 8.00 0.0050 1.00 5.15

223 S 1I MYRI Euge mont 7.20 0.0040 1.10 4.40

224 S 1I MYRC Ardi abov 
5.30 0.0022 1.65 3.20
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225 S 1I NYCr Guap frag 11.70 0.0107 3.15 7.50 
226 S 1I FIAC Case deca 5.30 0.0022 3.35 3.91 
227 S 11 LAUR Ocot oori 6.70 0.0035 3.40 3.85 
228 S 1I MYRT Euge mont 10.00 0.0078 11.5 i.70 4.60 
229 S I MYRC Ardi obov 6.00 0.0028 6.80 3.30 
230 M 1I MYRC Ardi obov 9.00 0.0063 7.80 3.15 
231 M 11 MYRC Ardi obov 5.40 0.0022 7.70 3.10 
232 S 1I SAPI Meli biju 8.00 0.0050 8.40 2.85 
233 S 1I MYRC Ardi ~obv 8.30 0.0054 9.42 8.55 2.95 
234 S 1I SAPI Meli biju 5.90 0.0027 9.40 0.60 
235 M II SAPI Meli biju 7.90 0.0049 3.70 1.10 
236 M 1I &API Meli biju 6.00 0.0028 3.70 0.80 
237 M I SAPI Meli biju 14.40 0.0162 3.40 0.60 
238 M 1I SAPI Meli biju 7.50 0.0044 3.10 0.40 
239 M 1I SAPI Meli biju 14.10 0.0156 2.95 0.10 
240 M 1I SAPI Meli biju 13.40 0.0141 3.10 0.00 
241 M 1I SAPI Meli biju 8.00 0.0050 4.00 0.50 
242 M 1I SAPI Meli biju 6.00 0.0028 3.80 0.10 
243 M 1I SAPI Meli biju 16.60 0.0216 3.90 0.20 
244 M !I MYRC Ardi obov 7.20 0.0040 9.75 3.05 
245 M 1I MYRC Ardi obov 7.40 0.0043 9.70 2.90 
246 M 1I SAPI Meli biju 8.60 0.0058 7.40 4.95 
247 M 1I SAPI Meli biju 6.80 0.0036 7.35 5.10 
248 M I MYRC Ardi obov 5.80 0.0026 7.60 5.80 
249 M 1I MYRC Ardi ov 8.20 0.0052 7.70 6.40 
250 S 1I MYRC Ardi obcv 5.40 0.0022 7.20 8.15 
251 S 1I MYRC Ardi obov 5.40 0.0022 7.00 8.00 
252 S 1I MYRT Euge mont 8.00 0.0050 9.11 8.50 6.80 
253 S 1I SAPI Meli biju 5.40 0.0022 8.70 8.40 
254 M 1I 1JBI Guet parv 6.30 0.0031 9.50 6.05 
255 M 1I RUBI Guet parv 7.30 0.0041 9.40 6.15 
256 M 11 RBI Guet parv 8.40 0.0055 9.30 6.25 
257 S 1I MYRT Euge mont 9.50 0.0070 8.70 9.00 
258 S 1I RUBI Guet parv 10.80 0.0091 7.70 9.90 
259 S 1I BORA Bour succ 7.60 0.0045 7.55 9.90 
260 S 13 MYRT Euge mont 5.90 0.0027 9.35 0.30 
261 M 1J SAPI Meli biju 11.00 0.0095 9.42 2.00 9.15 
262 S IJ SAPI Meli biju 7.40 0.0043 1.80 7.40 
263 M iJ RUBI Guet parv 6.20 0.0030 3.50 7.20 
264 M 1J RUBI Guet parv 9.00 0.0063 3.52 7.05 
265 S IJ IAUR Ocot cori 6.40 0.0032 10.9 1.40 2.60 
266 S U3 MYRT Euge mont 5.10 0.0020 5.05 4.45 
267 S 1J NYCT Guap frag 24.20 0.0459 10.9 0.85 1.60 
268 S IJ FLAC Case deca 5.50 0.0023 0.15 1.60 
269 S IJ MYR Euge bifl 5.60 0.0024 0.15 1.78 
270 S 13 SAPI Meli biju 5.50 0.0023 2.00 0.15 
271 S IJ CAPP Capp indi 5.00 0.0019 5.05 3.35 
272 S IJ NYCr Guap frag 7.00 0.0038 8.51 5.15 4.47 
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273 S 
 iJ MYRT Euge mont 8.20 0.0052 7.90 7.35 0.70
 
274 S IJ FLAC Case guia 7.30 0.0041 7.40 4.90

275 S UJ MYRC Ardi aobv 5.10 0.0020 7.50 6.00

276 M IJ 
MYRT %buge bifl 9.20 0.0066 7.80 5.80
 
277 M 1J MYRI Dage bifl 5.80 0.0026 2.77 5.85
 
278 S iJ MEILA Tetr elae 
6.20 0.0030 7.60 7.85

279 M U3 
 BORA Bour succ 10.00 0.0078 8.20 7.60
 
280 M IJ BORA Bour suoc 14.80 0.0172 8.50 7.65
 
281 S IJ 
FIAC Case deca 6.10 0.0029 8.45 7.40
 
282 S iJ FIAC Case deca 
5.30 0.0022 9.80 7.00
 
283 S 
 IU MYRC Ardi obov 6.90 0.0037 3.75 8.20
 
284 M U3 
 SAPI Meli biju 5.30 0.0022 1.75 9.3 
285 M 2J 
CEILA May'c elli 9.20 0.0066 9.70 9.70
 
286 M 
 2J CELA Mayt elli 5.10 0.0020 9.60 9.80

287 M 2J CEA Mayt elli 
5.00 0.0019 8.20 9.80 9.60
 
288 S 2J MYRT Euge proc 7.70 0.0046 8.00 8.70
 
289 S 2J 
RJBI Guet scab 7.90 0.0049 7.80 9.45

290 S 2J 
FUBI Guet scab 15.00 0.0176 10.0 5.40 9.40
 
291 M 
 2J RUBI Guet parv 8.00 0.0050 4.75 9.52
 
292 M 2J IUBI Guet parv 
7.20 0.0040 4.85 9.47
 
293 M 2J 
RUBI Guet parv 5.80 0.0026 4.30 9.60
 
294 M 2J 
 UBI Guet parv 5.00 0.0019 4.50 9.69
 
295 S 2J FLAC Case deca 8.90 0.0062 5.40 6.49

296 S 2J CELA Mayt elli 8.90 0.0062 5.80 5.91

297 S 2J SAPI Meli biju 
6.00 0.0028 8.90 6.01 
298 S 2J RUBI Guet scab 9.30 0.0067 9.20 5.60 
299 S 2J 
BJRS Burs sima 18.00 0.0254 8.51 9.10 5.38
 
300 M 2J NYCT Guap frag 9.80 0.0075 8.50 3.97
 
301 M 2J 
NYCr Guap frag 8.30 0.0054 8.40 4.10
 
302 S 2J 
MYMT Euge mont 5.80 0.0026 7.70 4.56
 
303 S 2J SAPI Meli biju 6.20 0.0030 5.70 3.85

304 S 
 2J MYRT Euge proc 10.70 0.0089 8.20 3.40 5.70
 
305 S 23 
VERB Cith frut 15.10 0.0179 11.8 3.00 5.72
 
306 S 2J FIAC Case deca 
7.90 0.0049 9.42 0.39 7.45
 
307 S 21 
BURS Burs sima 31.90 0.0799 9.72 9.60 8.19

308 M 21 
RUBI Guet parv 8.00 0.0050 9.55 9.10
 
309 M 
 21 RUBI Guet parv 5.30 0.0022 9.45 9.00
 
310 S 21 
 VERB Cith frut 6.80 0.0036 7.55 9.70 
311 S 2J PALM Cocc alta 6.60 0.0034 3.34 0.35 5.49 
312 S 21 VERB Cith fnrt 6.70 0.0035 5.77 9.30 3.80 
313 S 21 FABA Sabi flor 6.50 0.0033 6.07 9.30 3.60 
314 M 21 RUBI Guet parv 5.40 0.0022 8.15 6.60 
315 M 21 
 RUBI Guet parv 5.10 0.0020 7.95 6.62 
316 M 21 Fl Guet parv 6.30 0.0031 8.15 6.39

317 M 21 
RUBI Guet patv 6.00 0.0028 8.20 6.30

318 S 21 
MYRT Euge mont 5.90 0.0027 6.80 8.95
 
319 S 21 FABA Sabi flor 7.50 0.0044 5.60 8.10
 
320 S 
 2J CAPP Capp cyno 7.30 0.0041 6.07 2.35 5.31 
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321 M 2J IWBI Guet parv 7.30 0.0041 2.15 1.92 
322 M 2J IUBI Guet parv 5.OC 0.0019 2.05 1.75 
323 S 2J SAPI Meli biju 9.10 0.0065 4.35 1.81 
324 S 2J SAPI Meli biju 6.00 0.0028 4.00 1.50 
325 S 2J 13BI Guet pa.v 9.30 0.0067 4.25 1.41 
326 S 2J SAPI Meli biju 5.40 0.0022 4.50 1.36 
327 S 2J PALM Cocc alta 6.70 0.0035 9.11 6.65 2.52 
328 S 2J MYRT Euge bifl 7.50 0.0044 7.35 2.46 
329 S 2J CEIA Mayt elli 8.00 0.0050 9.10 2.81 
330 S 21 lAUR Ocot cori 6.50 0.0033 9.98 0.70 
331 S 21 CAPP Capp cyno 5.30 0.0022 0.12 9.89 
332 M 21 FABA Sabi flor 9.00 0.0063 0.42 8.4u 
333 M 21 FABA Sabi flor 7.00 0.0038 0.35 8.45 
334 M 21 POLY Cocc micr 24.90 0.0486 3.60 7.01 
335 M 21 POLY Goco micr 15.20 0.0181 3.20 6.95 
336 M 21 POLY Cocc micr 8.60 0.0058 3.00 6.95 
337 S 21 RJBI Guet scab 7.10 0.0039 3.30 5.26 
338 M 21 IJBI Guet parv 9.70 0.0073 2.70 4.79 
339 M 21 RBI Guet parv 7.70 0.0046 2.80 4.63 
340 M 21 FJBI Guet parv 6.40 0.0032 2.85 4.50 
341 M 21 IUBI Guet parv 6.20 0.0030 6.45 3.70 
342 M 21 RU3BI Guet parv 5.90 0.0027 6.35 3.61 
343 S 21 MYRC Ardi cbov 5.10 0.0020 6.85 0.70 
344 S 21 SAPI Meli biju 10.10 0.0080 12.1 4.75 0.52 
345 S 2H FLAC Case deca 5.60 0.0024 9.60 7.51 
346 M 211 1JBI Guet parv 5.40 0.0022 7.85 8.05 
347 M 2H RJBI Guet parv 5.10 0.0020 7.40 7.60 
348 S 2H SAPI Meli biju 16.10 0.0203 8.50 6.50 
349 M 2H FLAC Case deca 8.00 0.0050 6.50 7.71 
350 M 2H FLAC Case deca 9.40 0.0069 6.55 7.86 
351 M 2H FLAC Case deca 6.70 0.0035 8.20 6.25 7.88 
352 S 2H lAUR Ocot cori 5.20 0.0021 6.40 9.30 
353 S 2H FLAC Case deca 7.30 0.0041 6.07 7.30 4.85 
354 M 2H NYCr Guap frag 15.00 0.0176 9.11 7.85 4.01 
355 M 2H NYCT Guap frag 15.70 0.0193 7.50 4.01 
356 S 2H FLAC Case deca 6.10 0.0029 6.65 4.35 
357 S 2H CELA Mayt elli 5.10 0.0020 9.15 0.50 
358 S 2H FLAC Case deca 9.50 0.0070 6.30 2.00 
359 S 2H BORA Bour succ 21.30 0.0356 5.90 0.80 
360 M 2H MDRA Ficu citr 8.50 0.0056 6.99 5.25 5.71 
361 M 2H MORA Ficu citr 7.10 0.0039 5.15 5.62 
362 M 2H FLAC Case deca 7.50 0.0044 3.60 8.92 
363 M 2H FLAC Case deca 8.00 0.0050 3.50 8.94 
364 M 2H FLAC Case deca 7.00 0.0038 3.55 9.00 
365 S 2H RUBI Guet parv 5.30 0.0022 2.70 1.85 
366 S 2H BORA Bour suco 11.90 0.0111 2.60 0.95 
367 S 2H BORA Bour succ 13.00 0.0132 1.80 0.62 
368 S 2G NYCr Guap frag 25.10 0.0494 8.90 8.95 
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369 S 2G 
NYCr Guap frag 10.50 0.0086 8.30 8.30
 
370 S 2G CAPP Capp cyno 
5.00 0.0019 7.30 
8.27

371 S 2G CAPP Capp ampl 9.40 0.0069 9.70 8.10

372 S 2G 
SAPI Meli biju 17.00 0.0226 6.20 8.30
373 M 2G SAPI Meli biju 5.40 0.0022 7.15 6.58374 M 2G 
SAPI Meli biju 7.40 0.0043 7.00 6.52
375 M 2G SAPI Meli biju 
6.30 0.0031 7.30 6.40

376 M 
 2G SAPI Meli biju 10.40 0.0084 7.15 6.40

377 M 2G SAPI Meli biju 
6.30 0.0031 6.90 6.51
378 S 2G 
FLAC Case deca 10.00 0.0078 11.5 8.20 4.05 
379 M 2G SAPI Meli biju 5.20 0.0021 4.65 2.10

380 M 2G SAPI Meli biju 
5.80 0.0026 4.75 1.87

381 M 
 2G SAPI Meli biju 8.30 0.0054 4.70 1.75

382 M 2G SAPI Meli biju 
5.50 0.0023 4.25 1.20

383 M 2G 
SAPI Meli biju 35.00 0.0962 11.5 3.65 1.30

384 M 2G 
S PI Meli biju 5.20 0.0021 4.80 1.67

385 M 2G SAPI Meli biju 13.50 0.0143 3.50 1.85

386 M 2G SAPI Meli biju 13.50 0.0143 3.50 1.76

387 M 2G 
SAPI Meli biju 23.30 0.0426 3.45 1.70
388 S 2G NYCT Guap frag 13.40 0.0141 11.5 3.40 6.85
389 S 2G 
lAUR Ocot cori 7.90 0.0049 0.35 8.03

390 S 2G BORA Bour succ 
7.20 0.0040 9.11 2.70 5.82

391 S 2G LAUR Ocot cori 
7.80 0.0047 0.88 3.71

392 M 2F NYCT Guap frag 15.40 0.0186 8.90 3.80
393 M 2F 
NYCr Guap frag 18.50 0.0268 12.4 8.70 3.80
 
394 S 2F 
IAUR Lica sali 5.90 0.0027 8.80 4.30

395 S 2F FIAC Case deca 
9.50 0.0070 8.90 6.42

396 S 2F FABA Pisc cart 
6.90 0.0037 9.10 8.70

397 S 2F 
FIAC Case guia 11.90 0.0111 11.5 6.90 7.21

398 S 2F 
NYCT Guap frag 41.20 0.1333 16.1 6.70 5.61

399 S 2F CELA Mayt elli 7.00 0.0038 6.00 6.30
400 S 2F MYRC Ardi obov 
5.00 0.0019 3.30 9.95
 
401 M 2F 
POLY Cocc micr 12.70 0.0126 5.65 2.39 
402 M 
 2F POLY Cocc micr 7.70 0.0046 5.35 2.45

403 M 2F 
POLY Cocc micr 7.70 0.0046 5.55 2.37

404 M 2F 
POLY Cocc micr 11.90 0.0111 5.75 2.25

405 M 2F 
POLY Cocc micr 8.00 0.0050 5.80 2.19
406 M 2F 
POLY Cocc mlcr 10.50 0.0086 5.70 2.11
 
407 M 2F POLY Cocc mlcr 
6.80 0.0036 5.55 2.04

408 M 2F 
POLY Cocc micr 6.10 0.0029 5.10 2.56

409 S 2F 
MELA Tetr elae 16.40 0.0211 11.2 3.70 5.61
 
410 S 2F 
MYRI Euge mont 5.60 0.0024 7.29 1.36 7.50

411 S 2F LAUR Ocot cori 
5.30 0.0022 0.19 8.04
 
412 S 2F MYRT Euge mont 6.00 0.0028 0.19 4.61

413 S 2F 
IJBI Guet parv 6.30 0.0031 1.15 3.30
414 M 2F SAPI Meli biju 
7.30 0.0041 0.35 1.45
415 M 2F SAPI Meli biju 9.90 0.0076 0.50 1.12
416 M 2E 
RJBI Guet parv 5.80 0.0026 8.65 9.75
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417 M 2E JBI Guet parv 13.40 0.0141 11.5 8.58 9.94 
418 M 2E IUBI Guet parv 5.90 0.0027 8.50 9.75 
419 M 2E 1UB Guet parv 12.50 0.0122 8.30 9.97 
420 M 2E NYCr Guap frag 16.10 0.0203 8.10 8.62 
421 M 2E NYCT Guap frag 21.60 0.0366 7.80 8.65 
422 S 2E MYRC Ardi cbcv 8.40 0.0055 9.72 9.10 7.92 
423 M 2E SAPI Meli biju 9.00 0.0063 5.60 7.63 
424 M 2E SAPI Meli biju 8.00 0.0050 5.60 7.50 
425 M 2E SAPI Meli biju 11.40 0.0102 5.35 7.61 
426 M 2E SAPI Meli biju 8.10 0.0051 3.75 6.92 
427 M 2E SAPI Meli biju 10.00 0.0078 9.72 3.85 6.85 
428 M 2E SAPI Meli biju 8.10 0.0051 3.75 6.79 
,29 M 2E SAPI Meli biju 5.80 0.0026 3.65 6.61 
430 M 2E SAPI Meli biju 5.20 0.0021 3.45 6.61 
431 M 2E SAPI Meli biju 5.00 0.0019 3.80 6.61 
432 S 2E SAPI Mleli biju 5.70 0.0025 2.10 7.80 
433 S 2E SAPI Meli biju 5.10 0.0020 1.70 9.20 
434 S 2E MYRC Ardi obov 6.80 0.0036 0.35 9.75 
435 S 2E LAUP Ocot cori 10.00 0.0078 10.6 1.85 5.17 
436 M 2E SAPI Meli biju 6.20 0.0030 5.65 5.24 
437 M 2E SAPI Meli biju 7.10 0.0039 5.60 5.18 
438 S 2E NYCT Guap frag 42.10 0.1392 14.5 5.80 4.95 
439 S 2E MYRC Ardi obov 5.60 0.0024 6.40 4.56 
440 M 2E SAPI Meli biju 5.70 0.0025 4.90 3.21 
441 M 2E SAPI Meli biju 5.40 0.0022 4.95 3.65 
442 S 2E IAUR Ocot cori 7.60 0.0045 9.72 2.85 2.61 
443 M 2D SAPI Meli biju 5.10 0.0020 9.90 8.24 
444 M 2D SAPI Meli biju 5.20 0.0021 9.95 8.11 
445 M 2D SAPI Meli biju 12.30 0.0118 9.70 8.21 
446 M 2D SAPI Meli biju 7.20 0.0040 9.60 8.24 
447 M 2D SAPI Meli biju 7.00 0.0038 9.00 9.15 
448 M 2D SAPI Meli biju 6.30 0.0031 8.95 9.23 
449 M 2D SAPI Meli biju 8.00 0.0050 9.10 9.28 
450 M 2D MYRC Ardi ca-ov 8.20 0.0052 6.80 8.52 
451 M 2D MYRC Aril obov 10.80 0.0091 6.60 8.75 
452 S 2D FABA Andi iner 7.80 0.0047 7.70 7.92 
453 S 2D MYRC Ardi obov 5.80 0.0026 9.65 5.60 
454 S 2D FABA Andi iner 9.20 0.0066 9.85 2.45 
455 M 2D SAPI Meli biju 7.50 0.0044 9.90 2.10 
456 M 2D SAPI Meli biju 9.40 0.0069 9.70 2.05 
457 M 2D SAPI Meli biju 7.50 0.0044 10.00 1.74 
458 M 2D SAPI Meli biju 6.00 0.0028 9.50 1.94 
459 M 2D SAPI Meli biju 6.10 0.0029 9.70 1.60 
460 S 2D MEIA Tetr elae 13.00 0.0132 13.6 7.85 4.42 
461 S 2D VERB Cith frut 16.10 0.0203 14.2 7.20 3.30 
462 S 2D MYRC Ardi &bv 8.90 0.0062 6.75 3.30 
463 S 2D MYRT Euge mont 8.50 0.0056 13.3 8.55 0.90 
464 S 2D lAUR Ocot cori 6.20 0.0030 8.25 0.03 
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465 S 
 2D FABA Andi iner 9.60 0.0072 12.1 
466 M 2D SAPI Meli biju 6.10 0.0029 
467 M 2D 
SAPI Meli biju 7.50 0.0044 

468 M 2D 
SAPI Meli biju 10.30 0.0083 

469 M 2D SAPI Meli biju 
9.80 0.0075 

470 S 2D FABA Andi iner 8.40 0.0055 

471 S 2D IAJR Ocot cori 6.90 0.0037 

472 S 2D SAPI Meli biju 5.40 0.0022 

473 S 2D 
BORA Cord coli 15.50 0.0188 
474 S 2D SAPI Meli biju 
6.80 0.0036 

475 S 2D 
SAPI Meli biju 8.40 0.0055 

476 M 2D SAPI Meli biju 6.00 0.0028 

477 M 2D 
SAPI Meli biju 6.70 0.0035 

478 M 2D 
SAPI Meli biju 7.10 0.0039 

479 M 2D SAPI Meli biju 
5.20 0.0021 

480 M 
 2D SAPI Meli biju 12.80 0.0128 

481 S 2D BORA Cord coli 5.60 0.0024 

482 M 2D 
SAPI Meli biju 7.50 0.0044 

483 M 2D 
SAPI Meli biju 5.60 0.0024 

484 M 2D SAPI Meli biju 11.30 0.0109 

485 M 2D 
SAPI MeIi biju 14.60 0.0167 

486 M 2D SAPI Meli biju 6.10 0.0029 

487 S 2D 
SAPI Meli biju 30.80 0.0745 

488 S 
 2D LAUR Ocot oori 5.00 0.0019 

489 S 2D LAUR Ocot cori 8.20 0.0052 

490 S 2D SAPI Meli biju 5.00 0.0019 

491 S 2C 
1AUR Ocot cori 6.30 0.0031 

492 M 2C S-API Meli biju 8.40 0.0055 

493 M 2C SAPI Meli biju 11.40 0.0102 

494 S 2C 
EUPH Marg nobi 13.60 0.0145 

495 M 2C EXJR1 Marg nobi 
13.90 0.0151 

496 S 2C 
SAP! Meli biju 6.20 0.0030 

497 M 2C SAPI Meli biju 
6.80 0.0036 

498 M 2C SAPI Meli biju 6.50 0.0033 

499 S 2C 
FAEA Andi iner 11.30 0.0100 11.5 

500 S 2C 
SAPI Meli biju 11.50 0.0103 
501 S 2C SAPI Meli biju 10.50 0.0086 
502 S 2C SAPI Meli biju 5.40 0.0022 
503 S 2C SAPI Meli biju 5.80 0.0026 
504 M 2C SAPI Meli biju 
6.60 0.0034 

505 S 2C 
FABA Andi iner 11.60 0.0105 

506 M 2C 
SAPO Chry pauc 10.80 0.0091 

507 M 2C SAPO Chry pauc 
7.70 0.0046 

508 M 2C SAPI Meli biju 14.70 0.0169 

509 M 2C SAPI Meli biju 5.90 0.0027 

510 M 2C SAPI Meli biju 10.30 0.0083 

511 M 2C SAPI Meli biju 7.50 0.0044 

512 M 2C SAPI Meli biju 
7.80 0.0047 
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APENIX III. (Continued) 
513 S 2C SAPI Meli biju 5.70 0.0025 0.10 3.01 
514 M 2B SAPI Meli biju 11.60 0.0105 9.20 4.11 
515 M 2B SAPI Meli biju 6.30 0.0031 9.00 4.04 
516 M 2B SAPI Meli biju 11.80 0.0109 9.00 3.95 
517 M 2B SAPI Meli biju 8.00 0.0050 9.15 3.94 
518 M 2B SAPI Meli biju 7.80 0.0047 9.40 3.91 
519 M 2B SAPI Meli biju 7.20 0.0040 9.50 3.88 
520 S 2B SAPI Meli biju 6.50 0.0033 8.90 0.45 
521 M 2B SAPI Meli biju 15.40 0.0186 6.80 1.65 
522 M 2B SAPI Meli biju 9.40 0.0069 6.75 1.20 
523 M 2B SAPT Meli biju 5.00 0.0019 7.00 1.35 
524 S 2B NYCr Guap frag 10.10 0.0080 5.45 2.65 
525 S 2B NYC Guap frag 36.00 0.1017 16.1 6.00 3.85 
526 S 2B MYRT Euge mont 7.80 0.0047 6.15 4.05 
527 S 2B MYlR Euge mont 9.20 0.0066 6.90 3.95 
528 S 2B SAPI Meli biju 8.70 0.0059 9.80 4.65 
529 S 2B MORA Ficu citr 10.90 0.0093 10.6 9.20 8.01 
530 S 2B FABA Ardi iner 10.10 0.0080 12.1 8.80 9.65 
531 S 2B FIAC Case deca 6.00 0.0028 6.07 4.35 8.51 
532 S 2B IAUR Ocot cori 11.00 0.0095 3.85 8.25 
533 S 2B SAPI Meli biju 7.50 0.0044 0.08 9.55 
534 S 2B LAUR Ocot cori 8.10 0.0051 0.21 5.29 
535 S 2B SAPI Meli biju 11.80 0.0109 2.05 2.79 
536 S 2B NYCr Guap frag 12.40 0.0120 3.25 3.00 
537 S 2B PALM Cocc alta 8.50 0.0056 7.59 3.20 2.81 
528 M 2B CAPP Capp anpl 10.10 0.0080 4.15 0.13 
539 M 2B CAPP Capp ampl 6.80 0.0036 4.25 0.10 
540 M 2B SAPI Meli biju 7.20 0.0040 0.90 0.87 
541 M 2B SAPI Meli biju 7.80 0.0047 0.70 0.81 
542 S 2A FLAC Case deca 5.90 0.0027 7.30 4.95 
543 S 2A SAPI Meli biju 5.90 0.0027 5.80 4.12 
544 S 2A VERB Cith frut 6.80 0.0036 5.80 7.25 
545 S 2A FIBI Guet parv 8.40 0.0055 5.77 4.60 9.65 
546 M 2A FABA Sabi flor 10.60 0.0088 7.90 2.10 9.10 
547 M 2A FABA Sabi flor 5.20 0.0021 2.25 9.14 
548 M 2A FABA Sabi flor 5.20 0.0021 2.35 9.05 
549 S 2A RHAM Krug ferr 7.60 0.0045 4.25 1.45 8.20 
550 M 2A NYCr Piso subc 64.10 0.3227 13.3 2.25 4.60 
551 M 2A NYCr Piso subc 55.40 0.2410 2.75 4.00 
552 M 2A NYCr Piso subc 47.50 0.1772 3.30 3.91 
553 S 2A LAUR Ccot cori 8.00 0.0050 4.60 7.05 
554 S 2A VERB Cith frut 10.70 0.0089 0.60 0.50 
555 S 3A NYCr Guap frag 6.40 0.0032 2,10 2.20 
556 S 3A IAUR Ocot cori 7.10 0.0039 2.25 3.10 
557 S 3A CAPP Capp indi 5.20 0.0021 4.55 0.61 6.20 
558 S 3A NYCr Guap frag 27.80 0.0606 12.7 0.30 7.21 
559 S 3A RHAM Krug ferr 8.20 0.0052 9.42 3.40 8.15 
560 S 3A CAPP Capp cyno 6.40 0.0032 3.30 7.61 
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561 S 3A 
BURS Burs sima 34.40 0.0929 9.72 4.10 7.64
562 M 
 3A CAPP Capp ampl 7.80 0.0047 4.80 6.50
563 M 3A CAPP Capp ampi 
9.00 0.0063 4.95 
6.39
564 M 3A CAPP Capp ampl 12.60 0.0124 5.20 6.36565 M 3A 
CAPP Capp aipl 10.50 0.0086 5.30 6.32
566 S 3A LAUR Ocot cori 5.20 0.0021 6.50 8.70
567 S 3A NYCT Guap frag 
5.50 0.0023 5.77 4.50 2.95
568 S 3A 
IAUR Ocot cori 10.80 0.0091 7.65 0.40
569 S 
 3A MYR Euge mont 8.40 0.0055 10.9 7.95

570 S 3A CAPP Capp indi 

2.00
 
5.70 0.0025 9.95 
0.02
571 S 3A 
LAUR Ocot cori 5.00 0.0019 
 4.90 2.99
572 M 
 3B SAPI Meli biju 12.90 0.0130 13.6 0.19 5.09
573 M 3B SAPI Meli biju 
5.30 0.0022 0.05 
 5.43


574 M 
 3B SAPI Mli biju 12.20 0.0116 1.10

575 M 3B SAPI Meli biju 

4.19 

576 M 3B SAPI Meli biju 
6.80 0.0036 1.30 3.94 
7.30 0.0041 1.40 
3.90
577 M 
 3B SAPI Meli biju 11.30 0.0100 1.50 4.05
578 S 3B ANAC Spon mamb 
9.20 0.0066 1.20 
6.79
579 S 3B IAUR Ocot cori 
6.50 0.0033 1.80 
5.51


580 S 3B 
SAPI Meli biju 17.00 0.0226 3.25 8.60
581 S 3M 
 VERB Cith frut 21.90 0.0376 13.0 4.15 
1.65
582 M 3B SAI Meli biju 11.90 0.0111 4.95 2.00583 M 3B SAPI Meli biju 
6.70 0.0035 5.10 
2.05
584 S 
 3B SAPI Meli biju 10.20 0.0081 7.65

585 M 3B SAPI Meli biju 

1.10 
5.80 0.0026 7.30 
2.15
586 M 3B SAPI Meli biju 5.90 0.0027 7.40 2.39587 M 3B SAPI Meli biju 6.30 0.0031 5.70 5.85588 M 3B SAPI Meli biju 5.20 0.0021 5.95 
5.92
589 S 3B SAPI Meli biju 5.10 0.0020 5.40 5.50590 S 3B FABA Andi iner 5.90 0.0027 8.70 7.21591 S 3B 
SAPI Meli biju 5.20 0.0021 8.30 8.99
592 S 3B LAUR Ocot cori 7.50 0.0044 9.75 9.20


593 M 3C SAPI Meli biju 
5.90 0.0027 0.30 
0.98
594 M 
 3C SAPI Meli biju 11.30 0.0100 0.45 1.04

595 M 3C SAPI Meli biju 8.60 0.0058 0.85 
1.32
596 M 2C SAPI Meli biju 5.80 0.0026 1.15 5.45
597 S SAPI Meli
3C biju 6.70 0.0035 1.75 2.12
598 M 3C 
SAPI Meli biju 9.10 0.0065 12.4 0.12 4.65

599 M 3C 
SAPI Meli biju 10.00 0.0078 0.50 4.12
600 M 3C SAPI Meli biju 
7.00 0.0038 4.25 
0.95
601 M 
 3C SAPI Meli biju 9.70 0.0073 4.67 0.73
602 M 3C SAPI Meli biju 6.30 0.0031 4.40 
1.35
603 S 3C 
IAUR Ocot cori 8.90 0.0062 8.81 1.30 6.10
604 S 3C FABA Andii iner 7.40 0.0043 7.90 1.30 6.09
605 S 3C 
FLAC Case guia 5.50 0.0023 9.42 0.28 7.28
606 S 3C BORA Cord alli 18.00 0.0254 14.2 0.65 8.25
607 S SAPI Meli3C biju 6.50 0.0033 2.15 0.40
608 M 3C SAPI Meli biju 5.60 0.0024 5.00 1.75 
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609 M 3C SAPI Meli biju 8.90 0.0062 5.00 1.52 
610 S 3C FABA Andi iner 14.30 0.0160 5.60 0.65 
611 S 3C SAPI Meli biju 11.60 0.0105 6.70 1.45 
612 S 3C MEEA Tetr elae 18.10 0.0257 5.20 2.89 
613 P 3C SAPI Meli biju 6.50 0.0033 7.80 2.80 
614 S 3C IAUR Ocot cori 10.90 0.0093 1.85 9.65 
615 S 3C SAPI Meli biju 5.10 0.0020 1.85 9.95 
616 M 3C SAPI Meli biju 12.50 0.0122 6.85 4.24 
617 M 3C SAPI Meli biju 5.80 0.0026 6.50 4.20 
618 S 3C SAPI Meli biju 6.80 0.0036 9.10 6.29 
619 S 3C BORA Cord coll 15.60 0.0191 13.3 9.80 6.49 
620 S 3C FLAC Case sylv 5.50 0.0023 7.10 7.65 
621 S 3C MYRr Euge mont 7.50 0.0044 6.55 5.98 
622 S 3C MYRI Euge mont 11.80 0.0109 10.6 5.75 6.05 
623 S 3C SAPI Meli biju 5.30 0.0022 5.85 6.52 
624 S 3C SAPI Meli biju 7.40 0.0043 5.40 7.15 
625 S 3C SAPI Meli biju 9.20 0.0066 6.55 7.10 
626 S 3D SAPI Meli biju 12.20 0.0116 0.42 3.12 
627 S 3D SAPI Meli biju 7.00 0.0038 0.95 2.90 
628 S 3D SAPI Meli biju 8.00 0.0050 0.50 4.20 
629 S 3D LAUR Ocot cori 9.10 0.0065 0.12 6.15 
630 S 3D SAPI Meli biju 5.20 0.0021 1.90 1.95 
631 S 3D LAI R Oot cori 10.70 0.0089 10.0 4.00 1.65 
632 S 3D SAPT Meli biju 9.40 0.0069 5.00 0.20 
633 S 3D LAUR Ocot cori 5.50 0.0023 6.30 0.25 
634 M 3D SAPI Meli biju 15.40 0.0186 14.2 6.75 2.55 
635 M 3D SAPI Melli biju 23.50 0.0433 6.65 2.65 
636 S 3D LAUR Ocot cori 11.50 0.0103 12.1 5.20 4.25 
637 S 3D SAPI Meli biju 13.10 0.0134 3.30 5.09 
638 S 3D SAPI Meli biju 8.80 0.0060 5.05 6.85 
639 S 3D SAPI Meli biju 7.10 0.0039 12.4 6.05 6.85 
640 S 3D NYCT Guap frag 11.20 0.0098 12.7 7.25 6.31 
641 M 3D SAPI Meli biju 10.40 0.0084 4.35 7.00 
642 M 3D SAPI Meli biju 7.20 0.0040 4.30 7.70 
643 S 3D SAPI Meli biju 5.80 0.0026 2.40 3.08 
644 S 3D FABA Andi iner 10.00 0.00*78 10.0 2.20 9.40 
645 S 3D SAPI Meli biju 9.20 0.0066 4.00 8.80 
646 M 3D SAPI Meli biju 6.60 0.0034 4.00 8.95 
647 M 3D SAPI Meli biju 6.00 0.0028 4.00 9.20 
648 M 3D SAPI Meli biju 9.50 0.0070 4.45 9.55 
649 M 3D SAPI Meli biju 6.30 0.0031 4.30 9.75 
650 M 3D SAPI Ieali biju 10.90 0.0093 5.20 9.80 
651 M 3D SAPI Meli biju 10.40 0.0084 5.10 9.75 
652 M 3D SAPI Meli biju 6.00 0.0028 5.05 9.30 
653 M 3D SAPI Meli biju 9.00 0.0063 5.70 9.75 
654 M 3D SAPI Meli biju 7.40 0.0043 5.60 9.00 
655 M 3D FABA Andi iner 5.20 0.0021 8.00 9.85 
656 M 3D FABA Ardi iner 15.40 0.0186 13.3 8.07 9.95 
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657 S 3D SAPI Meli biju 6.10 0.0029 7.45 8.00
658 S 3D 
SAPI Meli biju 11.50 0.0103 8.40 9.10

659 S 3D 
SAPI Meli biju 6.00 0.0028 9.10 9.85

660 M 3D 
SAPI Meli biju 16.80 0.0221 12.7 9.05 9.65

661 M 3D SAPI Meli biju 6.70 0.0035 8.80 9.40

662 S 
 3D SAPI Meli biju 10.90 0.0093 10.3 9.40 6.65

663 S 3D 
NYCT Guap frag 24.20 0.0459 9.70 5.90

664 M 3D 
SAPI Meli biju 15.30 0.0183 8.70 4.60

665 M 3D 
SAPI Meli biju 8.30 0.0054 8.60 4.55

666 M 3D SAPI Meli biju 
6.20 0.0030 8.10 4.85

667 M 
 3D SAPI Meli biju 14.50 0.0165 9.60 2.90

668 M 3D 
SAPI Meli biju 11.80 0.0109 9.70 2.95

669 M 3D SAPI Meli biju 6.20 0.0030 9.80 2.95 
670 M 3D SAPI Meli biju 6.90 0.0037 9.75 2.45671 M 3D SAPI Meli biju 5.40 0.0022 9.65 2.50
672 M 
 3D SAPI Meli biju 7.20 0.0040 9.45 2.60
673 S 3D SAPI Meli biju 
8.00 0.0050 9.90 1.75
 
674 M 3D 
NYCT Guap frag 19.30 0.0292 9.75 1.60

675 M 
 3D NYCr Guap frag 18.80 0.0277 9.65 1.65

676 M 3D NYCr Guap frag 18.90 0.0280 9.57 1.50

677 S 3E 
LAUR Ocot cori 10.80 0.0091 ',60 0.05

678 9 3E LAUR Ocot cori 
7.30 0.0041 10.9 2.15 2.10

679 S 3E SAPI Meli biju 
8.90 0.0062 1.60 5.51
 
680 S 3E lAUR Ocot cori 
5.40 0.0022 2.40 7.71
 
681 S 3E 
IAJR Ocot cori 8.60 0.0058 3.50 8.95
682 S 3E NYCr Guap frag 15.40 0.0186 4.50 9.20
 
683 S 3E 
MYRC Ardi obov 6.20 0.0030 7.29 5.10 6.25

684 S 3E FIAC Case sylv 
6.20 0.0030 J0.3 5.20 5.60

685 S 3E 
SAPI Meli biju 9.00 0.0063 10.6 5.85 3.55

686 S 3E 
NYCr Piso subc 35.30 0.0978 14.5 8.00 0.25

687 S 3E MYRC Ardi obov 
5.10 0.0020 9.85 2.82

688 S 3E SAPI Meli biju 
7.00 0.0038 7.50 4.50

689 S ' SAPI Meli biju 
5.40 0.0022 7.65 5.65

690 M 3E 
SAPO Chry pauc 10.10 0.0080 8.35 5.85

691 M 3E 
SAPO i hry pauc 8.10 0.0051 8.30 6.00

692 M 3E SAPO Chry pauc 14.00 0.0153 13.0 8.65 6.15
693 M 3E SAPI Meii biju 10.10 0.0080 6.10 9.90
694 M 3E SAPI Meli biju 
6.50 0.0033 6.20 9.55

695 M 3E 
SAPI Meli biju 12.10 0.0114 6.60 9.85
 
696 M 3E SAPI Meli biju 13.40 0.0141 13.0 9.65 8.95
 
697 M 3E SAPI Meli biju 
6.90 0.0037 9.80 8.75
693 M 3E SAPI Meli biju 
5.90 0.0027 9.70 8.65
 
699 S 3F SAPI Meli biju 
7.40 0.0043 0.41 2.63
700 M 3F SAPI Meli biju 8.00 0.0050 1.20 0.21

701 M 
 3F SAPI Meli biju 8.30 0.0054 1.25 0.05

702 S 3F 
NYCT Guap frag 31.70 0.0789 14.5 2.30 0.55

703 M 3F SAPI Meli biju 6.80 0.0036 8.81 3.50 2.41
704 M 3F 
SAPI Meli biju 5.70 0.0025 3.80 2.35 
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705 S 3F SAPI Meli biju 5.40 0.0022 6.10 1.55 
706 S 3F NYCT Guap frag 8.20 0.0052 10.3 8.90 1.06 
707 S 3F BURS Ekirs sima 23.90 0.0448 13.3 9.05 1.75 
708 S 3F BORA Bour spoc 16.80 0.0221 6.55 2.85 
709 M 3F NYCr Guap frag 23.70 0.0441 8.30 4.35 
710 M 3F NYCr Guap frag 12.90 0.0130 8.00 4.30 
711 S 3F SAPI Meli biju 5.60 0.0024 6.65 6.00 
712 S 3F VERB Cith frut 14.90 0.0174 6.10 6.35 
713 M 3F SAPI Meli biju 11.00 0.0095 4.40 8.74 
714 M 3F SAPI Meli biju 12.20 0.0116 4.15 8.80 
715 M 3F SAPI Meli biju 13.50 0.0143 4.25 8.95 
716 M 3F BORA Bour succ 8.10 0.0051 7.15 8.80 
717 M 3F ORA Bour succ 5.10 0.0020 7.15 8.65 
718 S 3F FABA Sabi flor 6.80 0.0036 9.00 9.90 
719 S 3F MIMD Acac muri 15.40 0.0186 10.0 8.95 7.55 
720 S 3F RHAM Krug ferr 5.30 0.0022 6.99 8.80 7.45 
721 S 3G BORA Bour succ 16.10 0.0203 11.5 0.29 7.92 
722 S 3G VERB Cith frut 8.80 0.0060 9.11 3.70 8.45 
723 S 3G BORA Bour suoc 11.10 0.0096 4.60 9.50 
724 S 3G BIGN Tabe hete 8.90 0.0062 5.85 6.70 
725 S 3G RHAM Krug ferr 10.20 0.0081 9.11 6.05 6.50 
726 S 3G NYCT Guap frag 2.4.70 0.0169 5.90 6.45 
727 S 3G NYCr Guap frag 12.50 0.0122 6.20 5.61 
728 M 3G RJBI Guet parv 7.90 0.0049 6.00 2.35 
729 M 3G RJBI Guet parv 6.40 0.0032 5.85 2.41 
730 M 3G RJBI Guet parv 5.20 0.0021 5.80 2.90 
731 M 3G RUBI Guet parv 8.30 0.0054 7.59 5.80 2.60 
732 M 3G 14B Guet parv 5.00 0.0019 5.75 2.80 
733 M 3G RJBI Guet paiv 7.60 0.0045 5,70 2.50 
734 S 3G BORA Bour succ 13.50 0.0143 4.20 2.01 
735 S 3G RHAM Krug ferr 5.50 0.0023 4.00 1.42 
736 S 3G PHAM Krug ferr 6.20 0.0030 2.10 0.81 
737 S 3G RUM Krug ferr 5.10 0.0020 8.05 0.05 
738 S 3G RAM Krug ferr 12.40 0.0120 8.20 9.40 0.10 
739 S 3G RHAM Krug ferr 10.40 0.0084 9.25 3.25 
740 S 3G FABA Sabi flor 10.20 0.0081 9.72 9.00 3.90 
741 S 
742 M 

3G 
3G 

NYCT Guap frag 6.70 0.0035 8.51 
BORA Cord coli 12.50 0.0122 12.7 

7.90 
7.60 

8.65 
9.45 

743 , 3G BORA Cord coll 8.30 0.0054 7.70 9.45 
744 S 3H RHAM Krug ferr 7.50 0.0044 2.05 7.10 
745 S 3H RHAM Krug ferr 7.00 0.0038 2.50 7.75 
746 S 3H MYRI Euge bifl 5.50 0.0023 0.78 8.60 
747 S 3H BI(N Tabe hete 12.20 0.0116 8.81 3.00 9.10 
748 S 3H NIYCr Guap frag 5.70 0.0025 3.10 8.70 
749 S 3H BURS Burs sima 29.70 0.0692 9.72 2.95 6.60 
750 S 3H RHAM Krug ferr 6.20 0.0030 2.85 6.50 
751 S 3H ERYT Eryt rotu 6.30 0.0031 1.60 5.31 
752 S 3H BORA Dour succ 8.60 0.0058 10.3 2.90 4.45 
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753 M 
 3H RHAM Yxug ferr 10.30 0.0083 2.30 3.51
754 M 3H RHAM Kru ferr 5.10 0.0020 
 2.50 3.54

755 M 3H 
RUBI Guet parv 13.50 0.0143 4.25 2.45

756 M 3H 
RUBI Guet parv 11.30 0.0100 4.05 2.31
 
757 S 3H RHAM Krug ferr 
8.50 0.0056 3.80 7.60

758 S 3H 
NYCT Guap frag 11.40 0.0102 9.11 4.00 7.50
759 M 3H RUBI Guet parv 5.10 0.0020 7.45 3.20

760 M 3H 
RUBI Guet parv 5.50 0.0023 7.35 3.00
 
761 M 3H 
RUBI Guet parv 7.70 0.0046 8.10 3.10

762 M 3H RJ Guet parv 6.20 0.0030 8.10 3.00

763 M 
 3H r4BI Guet parv 10.90 0.0093 8.00 2.95
764 M 3H JB Guet par 5.00 0.0019 8.25 2.65
765 M 3H 
RJBI Guet parv 13.70 0.0147 8.30 2.45

766 M 3H 
RUBI Guet parv 8.60 0.0058 8.00 2.38

767 S 311 NYCT Guap frag 
5.20 0.0021 8.51 7.75 1.92 
768 S 3H PALM Coc alta 7.00 0.0038 5.16 9.00 1.85
769 S 311 SAPI Meli biju 6.00 0.0028 9.10 2.50
770 M 3H 
SAPI Meli biju 15.90 0.0198 9.11 9.00 3.00

771 M 3H SAPI Meli biju 11.00 0.0095 9.15 3.10

772 S 3H MYRT Euge bifl 
5.70 0.0025 9.70 4.00
773 S 3H RHAM4 Krug ferr 6.80 0.0036 8.85 5.10
774 S 3H 
RaBI Guet parv 6.80 0.0036 10.3 8.00 6.95

775 S 3H 
 MRS Burs sima 21.40 0.0359 7.95 7.42

775 S 3T 
RYIA Amyr elem 7.30 0.0041 0.02 7.80

777 S 31 
RHAM Krug ferr 10.60 0.0088 9.11 0.50 8.45
778 S 31 RHAM Krug ferr 6.40 0.0032 0.71 9.20
779 S 31 BURS Burs sima 27.20 0.0581 1.80 8.01
780 S 31 NYCIT Guap frag 8.00 0.0050 8.81 1.40 7.12
781 S 31 
 BURS Burs sima 30.60 0.0735 12.7 1.90 5.35

782 S 31 
NYCT Guap frag 16.40 0.0211 2.35 5.19

7P3 S 31 MDRX Ficu citr 6.60 0.0034 3.20 4.60
 
784 S 31 
 ERYT Eryt rotu 5.40 0.0022 4.55 3.10 4.10

785 S 31 MDRA Ficu citr 
6.20 0.0030 3.30 4.50

786 S 31 RHAM Krug ferr 5.60 0.0024 8.51 0.05 4.01

787 S 31 POLY Cooc krug 
6.90 0.0037 8.51 2.40 2.10
 
788 S 31 NYCT Guap frag 9.90 0.0076 2.95 0.40

789 M 
 31 RBI Guet parv 7.50 0.0044 10.3 3.85 1.35
790 M 31 RU]BI Guet parv 8.40 0.0055 3.65 1.25
791 S 31 BUFS Burs sima 16.70 0.0219 4.80 1.20

792 S 31 
 RJBI Guet parv 5.20 0.0021 5.70 2.21

793 M 31 RHAM Krcg ferr 8.80 0.0060 7.50 2.25

794 M 31 
 RHAM Krug ferr 11.60 0.0105 7.60 2.40 
795 M 31 RHAM KrIg ferr 5.80 0.0026 7.45 2.35
796 S 31 MYRl Euge mont 7.60 0.0045 8.81 8.50 3.31 
797 S 31 FLAC Case guia 6.60 0.0034 9.45 1.92798 S 31 
 BORA Bour succ 12.90 0.0130 9.55 0.40
 
799 M 31 
POLY Cooc krug 7.80 0.0047 7.85 4.31
 
800 M 
 31 POLY Cocc krug 7.40 0.0043 7.90 4.55
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801 M 31 POLY Coac krug 9.90 0.0076 9.72 1.30 5.18 
802 M 31 POLY Coco krug 8.90 0.0062 7.70 4.43 
803 S 31 NYCT Guap frag 15.00 0.0176 10.3 5.80 5.50 
804 S 31 MMBI Guet parv 9.20 0.0066 5.80 5.60 
805 S 31 BIGN Tabe hete 13.10 0.0134 12.1 5.25 6.95 
806 M 31 CELA Mayt elli 15.90 0.0198 4.00 7.65 
807 M 31 CEIA Mayt elli 5.70 0.0025 4.7C 7.60 
808 M 31 CEIA Mayt elli 7.60 0.0045 8.51 4.60 8.20 
809 S 31 FIAC Case giia 8.00 0.0050 4.30 8.40 
810 S 31 BORA Bour succ 14.50 0.0165 8.00 8.25 
811 M 31 VERB Cith frut 6.90 0.0037 8.85 6.85 
812 M 31 MYRI Euge bifl 6.80 0.0036 9.00 6.75 
813 M 31 VERB Cith frut 11.60 0.0105 11.5 9.15 6.75 
814 M 31 VERB Cith frut 5.30 0.0022 9.10 6.70 
815 S 3J RHAM Krug ferr 7.70 0.0046 1.47 5.50 
816 S 3J RJBI Exos cari 9.70 0.0073 11.2 3.35 3.40 
817 S 3J RHAM Krug ferr 5.40 0.0022 3.20 5.13 
818 S 3J RHAM Krug ferr 8.20 0.0052 4.30 5.12 
819 M 3J POLY Cocc krug 13.60 0.0145 9.72 7.00 3.10 
820 M 3J POLY Cocc krug 7.10 0.0039 7.05 3.00 
821 S 3J POLY Cocc krug 6.90 0.0037 3.50 6.21 
822 S 3J POLY Cocc krug 10o80 0.0091 3.40 8.42 
823 S 3J RH.-M Krug ferr 10.80 0.0091 10.0 4.90 5.18 
824 S 3J R-AM Krug ferr 5.20 0.0021 2.55 9.01 
825 S 3J RHAM Krug ferr 5.20 0.0021 4.05 9.25 
826 M 3J POLY Cooc krug 10.50 0.0086 6.30 7.32 
827 M 3 POLY Cocc krug 11.10 0.0096 8.20 6.40 7.25 
828 S 3 RHAM Krug ferr 6.80 0.0036 7.20 4.92 
829 S 3 HAM Kug ferr 5.00 0.0019 9.00 3.29 
830 M 4J RHAM Krug ferr 8.10 0.0051 8.30 2.09 
831 M 4J RHAM KrW ferr 6.10 0.0029 8.60 1.90 
832 S 4J RHAM Krug ferr 7.10 0.0039 7.59 7.15 1.61 
833 M 4J RHAM Krug ferr 9.80 0.0075 9.10 3.00 
834 M 4J RHAM Krug ferr 6.20 0,0030 9.00 3.00 
835 S 4J JBI Guet scab 8.00 0.0050 8.20 9.05 2.80 
836 S 4J CELA Mayt elli 10.20 0.0081 8.80 5.00 
837 M 4,j CEIA Mayt elli 7.90 0.0049 9.30 6.15 
838 M 4J CELA Mayt elli 5.00 0.0019 9.00 6.50 
839 S 4J MORA Ficu citr 9.30 0.0067 8.70 7.31 
840 S 4J =XLA Mayt elli 11.70 0.0107 6.99 8.45 7.15 
841 S 4j BOWR Bour succ 11.60 L.0105 6.99 9.30 7.95 
842 S 4J BORA Bour succ 6.00 0.0028 7.50 8.83 
843 S 4J BORA Bour succ 6.90 J.0037 7.00 8.80 
844 S 4J RHAM Krug ferr 9.20 0.0066 6.30 9.37 
845 M 4J BIGN Tabe hete 13.40 0.0141 8.81 5.10 8.62 
846 M 4J BIGN Tabe hete 9.40 0.0069 5.00 8.56 
847 S 4J RHAM Krug ferr 5.70 0.0025 6.90 7.81 
848 S 4J MYRT Euge bifl 6.50 0.0033 6.99 2.20 8.91 
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849 M 4J 
BIGN Tabe hete 11.80 0.0109 9.72 1.15 9.82

850 M 4J 
BIGN Tabe hete 11.20 0.0098 1.00 9.85

851 S 
 4J FABA Sabi flor 5.30 0.0022 0.85 8.60
852 S 4J BURS Burs sima 17.50 0.0240 9.11 0.50 6.41 
853 S 4J 1UBI Guet parv 
5.60 0.0024 5.40 4.31

854 S 4J 
MYRT Euge mnrt 6.00 0.0028 6.07 6.50 3.61

855 S 4J MORA Ficu citr 7.00 0.0038 7.59 1.20 5.01

856 S 4J RUBI Pali dami 
6.90 0.0037 0.40 5.24

857 S 4J 
RHAM Krt ferr 6.50 0.0033 2.40 3.84
858 M 4J FABA Pisc cart 7.60 0.0045 8.51 1.05 2.69
859 M 
 4J FABA Pisc cart 7.20 0.0040 1.10 2.59
860 M 4J RHAM Krug ferr 6.90 0.0037 5.40 1.41
86. M 4J 
RHAM Krug ferr 5.10 0.0020 5.15 1.35
862 S 4J 
BJIS Burs sima 31.10 0.0759 10.3 4.95 1.61

863 M 4J 
RUIA Amyr elem 8.90 0.0062 1.25 0.08

864 M 4J RMKA Amyr elen 7.10 0.0039 1.10 0.15
865 S 41 MDRA Ficu citr 7.00 0.0038 9.05 3.39
866 S 41 
 BURS Burs sima 14.30 0.0160 8.51 9.00 4.60
 
867 S 
 ,.* BURS Burs sima 18.80 0.0277 8.20 6.80 6.80

868 S 41 EIPH Plum alba 9.80 0.0075 6.07 6.45 6.10
 
869 S 41 RUBI Guet scab 6.00 0.0028 9.95 9.00
 
870 S 41 
BURS Burs sima 9.50 0.0070 7.30 9.15

871 M 41 
 BIGN Tabe hete 11.90 0.0111 3.15 8.90

872 M 41 
BIGN Tabe hete 22.70 0.0404 10.6 2.65 8.90

873 M 41 BIGN Tabe hete 7.40 0.0043 2.80 9.02

874 S 41 
MYRT Euge mont 6.90 0.0037 6.68 2.55 8.15

875 S 41 BIGN Tabe hete 
7.90 0.0049 6.99 4.15 6.15

876 M 41 
RUBI Guet parv 10.90 0.0093 6.99 4.00 5.50

877 M 41 
RUB1 Guet parv 8.60 0.0058 3.70 5.45
 
878 M 41 
VERB Cith frut 8.10 0.0051 9.72 3.75 5.21
879 M 41 
VERB Cith frut 7.90 0.0049 3.35 4.45

880 M 41 
 CEIA Mayt elli 7.90 0.0049 3.75 4.42

881 M 41 CEIA Mayt elli 10.40 0.0084 3.60 4.35 
882 S 41 
RHAM Krug ferr 10.90 0.0093 8.20 6.05 2.80
 
883 S 41 
BIGN Tabe hete 8.50 0.0056 6.20 2.70

884 S 41 VERB Cith frut 
8.00 0.0050 6.30 3.00

885 S 41 
CEIA Mayt elli 14.10 0.0156 9.11 7.80 3.10
 
886 S 41 RHAM Krug ferr 
6.10 0.0029 5.00 0.20

887 S 41 CAPP Capp indi 
9.40 0.0069 3.95 2.40 3.60

888 S 4H 
EYT Eryt rotu 9.70 0.0073 4.25 9.10 8.00

889 S 4H 
HRS Burs sima 16.20 0.0206 9.42 9.00 4.20

890 S 4H EJPH Plum alba 
7.20 0.0040 3.95 7.50 3.85

891 S 4H RHAM Krug fert 
5.60 0.0024 9.20 0.05
 
892 S 4H MYRT Xa)ge mont 6.30 0.0031 7.90 6.30 4.00

893 S 
 4H SAPI Meli biju 15.90 0.0198 10.3 5.45

894 M 4H MYRT Euge bifl 

4.45
 
6.60 0.0034 4.40 9.10
 

895 M 4H 
MYRT Euge bifl 9.10 0.0034 9.72 4.45 9.15
 
896 S 4H MYRT Euge monrit 9.00 0.0063 9.72 
 3.15 9.30
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897 M 4H BIGN Tabe hete 12.70 0.0126 9.11 1.50 6.80 
898 M 4H BIGN Tabe hete 5.40 0.0022 1.35 6.90 
899 S 4H VERB Cith frut 7.20 0.0040 5.77 4.00 4.10 
900 S 4H MYRT Euge mont 5.90 0.0027 6.38 0.32 2.15 
901 S 4G BURS Bars sira 25.50 0.0510 9.90 9.55 
902 S 4G FABA Sabi flor 5.80 0.0026 4.55 9.55 7.35 
903 S 4G BIGN Tabe hete 6.10 0.0029 7.90 9.60 7.45 
904 M 4G RHBI Guet parv 5.10 0.0020 7.25 6.25 
905 M 4G RUBI Guet parv 9.60 0.0072 10.0 6.90 6.30 
906 S 4G NYCr Guap frag 10.00 0.0078 10.9 8.80 4.60 
907 M 4G FABA Pisc cart 8.50 0.0056 5.55 6.76 
908 M 4G FABA Pisc cart 5.60 0.0024 5.40 6.85 
909 S 4G BIGN Tabe hete 13.00 0.0132 10.3 5.20 6.50 
910 S 4G MYRT Euge bifl 6.30 0.0031 8.81 2.25 9.45 
911 S 4G NYCr Guap frag 16.50 0.0213 1.95 9.21 
912 M 4G NYCr Guap frag 13.00 0.0132 10.9 1.30 5.25 
913 M 4G NYCr Guap frag 10.00 0.0078 1.20 5.10 
914 S 4G BORA Bour succ 11.60 0.0105 6.68 3.30 4.65 
915 M 4G POLY Cooc krug 13.30 0.0138 10.3 2.80 4.45 
916 M 4G POLY Cocc krug 8.30 0.0054 2.60 4.4 
917 S 4G LAUR Lica sali 6.00 0.0028 6.99 7.60 2.45 
918 S 4G NYCT Guap frag 23.30 0.0426 10.9 8.00 2.30 
919 S 4G NYCT Guap frag 13.70 0.0147 10.3 8.60 1.05 
920 S 4G BURS B-s sima 32.20 0.0814 12.4 6.90 0.85 
921 S 4G BURS ars sima 18.30 0.0263 11.2 3.85 1.25 
922 S 4G BURS Burs sima 24.30 0.0463 2.20 1.55 
923 S 4G CELA Mayt elli 7.20 0.0040 2.30 2.31 
924 S 4G BORA Bciir succ 7.80 0.0047 9.42 0.54 4.65 
925 S 4F SAPI Meli biju 6.40 0.0032 7.59 9.80 8.75 
926 S 4F lAUR Ocot cori 5.60 0.0024 7.29 8.45 9.15 
927 S 4F 14BI Guet parv 6.90 0.0037 7.59 7.80 8.61 
928 S 4F FIAC Case guia 5.50 0.0023 6.38 6.40 9.30 
929 S 4F BORA Bour succ 36.70 0.1057 11.8 6.10 9.25 
930 S 4F FIAC Case guia 7.50 0.0044 8.51 7.75 7.80 
931 S 4F POLY Cocc krug 11.70 0.0107 9.72 7.80 5.02 
932 S 4F IAUR Ocot cori 6.60 0.0034 8.20 4.70 6.40 
933 S 4F FIAC Case guia 5.80 0.0026 7.59 4.10 6.70 
934 S 4F RHAM Krug ferr 6.00 0.0028 5.20 4.00 
935 M 4F MORA Ficu citr 11.30 0.0100 9.11 2.70 4.85 
936 M 4F MDRA Ficu citr 8.80 0.0060 3.20 4.80 
937 S 4F RHAM Krug ferr 10.20 0.0081 8.20 2.80 5.25 
938 S 4F FLAC Case deca 6.10 0.0029 8.51 1.10 8.85 
939 S 4F RHAM Krug ferr 7.20 0.0040 7.59 3.80 1.10 
940 S 4F LAUR Ocot cori 8.10 0.0051 1.20 2.51 
941 M 4E NYCT Guap frag 16.30 0.0208 11.8 9.75 8.50 
942 M 4E NYCr Guap frag 12.40 0.0120 9.80 8.20 
943 S 4E MYRT Euge mont 9.90 0.0076 10.9 8.40 6.50 
944 M 4E SAPI Meli biju 15.10 0.0179 8.20 7.15 
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945 M 4E SAPI Meli biju 8.90 0.0062 11.5 8.10 
7.05

946 M 
 4E SAPI Meli biju 6.70 0.0035 8.65 7.21947 S 4E IAUR Ocat cori 8.60 0.0058 7.29 4.40 8.75
948 S 4E 
NYCr Cuap frag 43.90 0.1513 18.2 4.20 7.95

949 S 4E MYRC Ardi ckbov 5.30 0.0022 4.15 9.05

950 S 4E FIAC Case guia 
6.30 0.0031 7.29 8.70 
3.45
951 S 4E SAPI Meli biju 10.20 0.0081 6.60 4.00
952 S 4E RHAM Krug ferr 6.40 0.0032 7.90 0.25953 M 4E 
SAPI Meli biju 8.80 0.0060 6.80 0.15

954 M 4E 
SAPI Meli biju 14.20 0.0158 6.55 0.15

955 S 4E 
NYCT Guap frag 20.60 0.0333 13.0 5.40 1.85
956 S 
 4E SAPI Meli biju 5.60 0.0024 4.10 4.35

957 S 4E NYC 
Guap frag 34.40 0.0929 12.1 1.70 6.10
958 M 4E 
LAUR Ocot cori 6.10 0.0029 0.50 6.71

959 M 4E 
IAUR Ocot cori 11.70 0.0107 11.5 0.25 6.40960 S 4E 
LAUR Ocot cori 13.00 0.0132 2.60 4.95

961 M 
 4E SAPI Meli biju 8.00 0.0050 3.40 1.35962 M 4E SAPI Meli biju 5.10 0.0020 3.20 1.71
963 S 4E 
LAUR Ocot cori 5.60 0.0024 0.60 3.55

964 S 4E 
SAPI Meli biju 11.90 0.0111 1.75 2.35

965 S 4E 
NYCT Guap frag 13.40 0.0141 12.4 0.40 0.07
966 S 4D LAUR Ocot cori 8.50 0.0056 9.60 9.65

967 M 4D ERYT Eryt rotu 6.60 0.0034 10.0 9.07 9.40
 
968 M 
 4D ERYT Eryt rotu 5.80 0.0026 9.00 9.45
969 M 4D 
SAPI Meli biju 11.50 0.0103 12.4 7.55 8.95

970 M 4D 
SAPI Meli biju 11.20 0.0098 7.48 9.00
971 M 4D 
SAPI Meli biju 5.80 0.0026 7.40 8.90

972 M 4D SAPI Meli biju 5.80 0.0026 7.42 9.05
973 S 
 4D NYCT Guap frag 18.60 0.0271 13.0 8.4J 7.85

974 S 4D SAPI Meli biju 5.30 0.0012 9.15 6.70
975 S 4D 31M 
Burs sima 18.30 0.0263 8.60 5.90

976 M 4D 
SAPI Meli biju 15.00 0.0176 12.1 4.10 8.32

977 M 4D SAPI Meli biju 7.40 0.0043 4.00 7.95
978 M 4D 
SAPI Meli biju 7.10 0.0039 3.20 8.80

979 M 4D SAPI Meli biju 5.50 0.0023 3.15 8.84980 M 
 4D SAPI Meli biju 13.00 0.0132 3.30 8.20

981 S 4D MYRT Euge mont 6.10 0.0029 8.51 7.75 4.00
982 S 4D 
SAPI Meli biju 10.40 0.0084 9.65 2.05
983 S 4D RUBI Guet parv 7.60 0.0045 8.45 1.40
984 S 4D SAPI Meli biju 7.50 0.0044 9.25 0.15
985 S 4D 
RUTA Zant mart 19.20 0.0289 15.5 7.60 0.75
986 M 4D MEIA Tetr elae 10.20 0.0081 11.2 7.55 0.45

987 M 4D MEILA Tetr elae 
6.90 0.0037 7.80 0.55

988 S 4D LAUR Ocot cori 5.50 0.0023 5.90 0.80

989 S 
 4D BORA Cord coli 7.70 0.0046 9.11 5.75 1.45
990 S 4D BORA Cord coll 9.90 0.0076 12.7 0.65 5.15
991 S 4D 
SAPI Meli biju 9.20 0.0066 1.10 7.55
992 S 4D IAUR Ocot cori 9.40 0.0069 0.25 3.80 

121
 



APENIX III. (Conqtimie) 

993 M 4D SAPI Meli biju 5.00 0.0019 2.00 2.01 
994 M 4D SAPI Meli biju 5.10 0.0020 2.00 1.95 
995 M 4C SAPI Meli biju 9.80 0.0075 8.75 0.40 
996 M 4C SAPI Meli biju 7.20 0.0040 8.95 0.10 
997 M 4C SAPI Meli biju 9.80 0.0075 12.4 8.80 0.05 
998 M 4C SAPI Meli biju 7.60 0.0045 8.45 0.'4 
999 M 4C SAPI Meli biju 7.60 0.0045 8.30 0.76 

1000 S 4C SAPI Meli biju 9.90 0.0076 7.95 3.10 
1001 S 3D SAPI Meli biju 9.00 0.0063 2.10 7.48 
2801 M 4C SAPI Meli biju 11.70 0.0107 6.25 2.50 
2802 M 4C SAPI Meli biju 8.20 0.0052 6.30 2.30 
2803 M 4C SAPI Meli biju 5.70 0.0025 6.10 2.40 
2804 S 4C LAUR Oct cori 9.10 0.0065 7.95 2.60 
2805 S 4C SAPI Meli biju 11.20 0.0098 13.9 8.60 3.90 
2806 M 4C SAPI Meli biju 8.50 0.0056 8.50 4.30 
2807 M 4C SAPI Meli biju 9.60 0.0072 8.60 4.40 
2808 M 4C SAPI Meli biju 5.80 0.0026 9.45 6.30 
2809 M 4C SAPI Meli biju 5.70 0.0025 8.85 5.90 
2810 M 4C SAPI Meli biju 5.00 0.0019 8.95 5.95 
2811 M 4C SAPI Meli biju 8.00 0.0050 8.85 6.10 
2812 S 4C LAUR Ocot cori 8.80 0.0060 8.30 6.90 
2813 S 4C SAPI Meli biju 6.70 0.0035 8.00 7.30 
2814 S 4C RUBI Guet scab 6.70 0.0035 7.55 7.15 
2815 S 4C SAPI Meli biju 6.00 0.0028 6.40 9.65 
2816 M 4C SAPI Meli biju 14.30 0.0160 5.85 8.85 
2817 M 4C SAPI Meli biju 6.00 0.0028 5.10 8.70 
2818 S 4C IAUR Ocot cori 9.50 0.0070 7.50 6.40 
2819 S 4C SAPI Meli biju 9.20 0.0066 7.80 5.65 
2820 M 4C SAPI Meli biju 7.70 0.0046 7.00 5.50 
2821 M 4C SAPI Meli biju 5.90 0.0027 7.05 5.40 
2822 S 4C SAPI Meli biju 7.80 0.0047 7.45 5.45 
2823 S 4C ANAC Spon mcub 34.40 0.0929 15.8 7.05 5.75 
2824 S 4C SAPI Meli biju 8.50 0.0056 5.50 5.05 
2825 M 4C SAPI Meli biju 7.40 0.0043 4.30 6.08 
2826 M 4C SAPI Meli biju 6.50 0.0033 4.28 5.20 
2827 M 4C SAPI Meli biju 5.00 0.0019 4.25 5.08 
2828 M 4C SAPI Meli biju 9.10 0.0065 10.6 4.25 5.32 
2829 M 4C SAPI Meli biju 5.60 0.0024 4.10 5.38 
2830 M 4C SAPI Meli biju 6.50 0.0033 4.00 5.92 
2831 M 4C SAPI Meli biju 6.40 0.0032 3.95 3.60 
2832 M 4C SAPI Meli biju 5.20 0.0021 7.05 5.75 
2833 S 4C SAPI Meli biju 16.50 0.0213 10.4 0.41 9.80 
2834 S 4C SAPI Meli biju 6.40 0.0032 3.75 1.00 
2835 S 4C SAPI Meli biju 7.40 0.0043 3.80 0.05 
2836 S 4C SAPI Meli biju 6.00 0.0028 0.25 2.89 
2837 M 4B FABA Andi iner 6.00 0.0028 9.70 7.50 
2838 M 4B FABA Andi iner 10.90 0.0093 13.0 9.00 8.60 
2839 S 4B LAUR Ocot cori 6.50 0.0033 9.72 8.90 7.30 
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APPENDIX III. (Continued)
2840 S 4B 
SAPI Meli biju 8.50 0.0056 9.75 5.75

2841 S 4B 
FABA Arndi iner 11.10 0.0096 13.6 9.40 3.69

2842 M 
 4B SAPI Meli biju 14.00 0.0153 12.7 8.80 3.55

2843 M 4B SAPI Meli biju 
6.70 0.0035 8.70 3.20

2844 M 4B 
SAPI Meli biju 8.30 0.0054 8.95 3.26

2845 M 4B 
SAPI Meli biju 10.80 0.0091 9.10

2846 S 4B SAPI blli biju 

3.35
 
6.10 0.0029 9.05 1.45


2847 S 4B STI Meli biju 14.30 0.0160 8.90 5.65

2848 S 4B 
MEIA Tetr elae 12.10 0.0114 12.1 6.10 5.95
2849 S 4B 
MEIA Tetr elae 12.10 0.0114 12.7 5.80 5.40

2850 M 4B 
SAPI Meli biju 10.20 0.0081 3.50 7.40

2851 M 4B SAPI Meli biju 
7.60 0.0045 3.70 7.30

2852 M 
 4B SAPI Meli biju 10.20 0.0081 3.55 7.55

2853 M 4B SAPI Meli biju 
7.00 0.0038 3.65 7.50

2854 M 4B 
SAPI Meli biju 16.30 0.0208 3.20 9.40

2855 M 4B 
SAPI Meli biju 11.40 0.0102 3.10 9.65

2856 M 4B SAPI Meli biju 
5.00 0.0019 3.15 9.80

2857 M 
 4B SAP! Mali biju 6.10 0.0029 3.30 9.45
2858 M 4B SAPI Meli biju 
8.10 0.0051 3.40 9.75

2859 M 4B 
SAPI Meli biju 5.80 0.0026 3.55 9.48

2860 S 4B 
MLA Tetr elae 7.80 0.0047 10.0 4.65 4.15

2861 S 4B RUBI Guet parv 
5.30 0.0022 4.35 0.03

2862 S 
 4B SAPI Meli biju 7.20 0.0040 2.90 2.22

2863 M 4B SAPI Meli biju 
5.90 0.0027 2.20 0.35

2864 M 4B 
SAPI Meli biju 7.60 0.0045 2.15 0.25

2865 M 4B 
SAPI Meli biju 8.80 0.0060 1.95 0.33

2866 M 4B 
SAPI Meli biju 15.00 0.0176 2.20 2.01

2867 M 4B 
SAPI Meli biju 13.90 0.0151 2.00 1.81

2868 M 4B SAPI Meli biju 7.70 0.0046 1.90 1.80

2869 M 4B 
SAPI Meli biju 5.80 0.0026 2.15 2.60

2870 S 4B 
MELA Tetr elae 11.70 0.0107 9.11 0.60 6.10

2871 M 4B 
SAPI Mali biju 16.00 0.0201 0.15 8.10

2872 M 4B 
SAPI Meli biju 5.40 0.0022 0.45 8.15
 
2873 S 4B 
VERB Citr frut 15.90 0.0198 14.5 0.55 9.70
2874 S 4A CAPP Capp cyno 
8.50 0.0056 6.07 9.00 9.10
 
2875 S 4A RHAM Krug ferr 
6.10 0.0029 3.80 5.45

2876 S 4A 
NYCr Guap frag 26.30 0.0543 15.8 9.05 4.20

2877 S 4A 
NYCT Guap frag 14.00 0.0153 13.6 7.65 3.95

2878 S 
 4A NYCr Guap frag 13.50 0.0143 10.9 8.00 3.79

2879 S 4A 
NYCT Guap frag 19.50 0.0298 8.05 3.65

2880 S 4A SAPI Meli biju 
7.10 0.0039 8.70 2.95

2881 S 4A 
NYCT Guap frag 9.40 0.0069 10.6 8.25 2.50
2882 M 4A SAPI Meli biju 
5.90 0.0027 6.50 0.60

2883 M 
 4A SAPI Meli biju 7.60 0.0045 6.45 0.25

2884 M 4A 
SAPI Meli biju 14.00 0.0153 6.30 0.30

2885 M 4A 
SAPI Meli biju 9.00 0.0063 6.10 0.38
 
2886 S 4A MYRC Ardi obv 6.00 0.0028 4.86 5.05 2.00
 
2887 S 4A 
SAPI Meli biju 10.30 0.0083 4.85 1.10
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APPENDIX III. (Continued) 
2888 S 4A BORA Cord coll 8.70 0.0059 8.81 4.00 1.61 
2889 M 4A SAPI Meli biju 9.20 0.0066 4.10 4.32 
2890 M 4A SAPI Meli biju 21.50 0.0363 4.20 4.40 
2891 S 4A RHAM Krug ferr 6.00 0.0028 6.38 2.00 4.35 
2892 M 4A BIGN Tabe hete 12.50 0.0122 0.95 1.31 
2893 M 4A BIGN Tabe hete 21.20 0.0352 13.3 1.15 1.15 
2894 M 4A BIGN Tabe hete 5.90 0.0027 1.05 1.08 
2895 S 4A BIGN Tabe hete 10.80 0.0091 1.45 0.55 
2896 S 4A CAPP Capp indi 5.70 0.0025 3.34 0.60 7.59 
2897 S 4A BIGN Tabe hate 7.30 0.0041 6.68 0.36 7.70 
2898 M SA FABA Sabi flor 7.60 0.0045 0.80 2.01 
2899 M 5A FABA Sabi flor 8.00 0.0050 6.99 0.70 2.31 
2900 S 5A MIM Leuc leuc 8.70 0.0059 2.80 4.12 
2901 S 5A CAPP Capp indi 10.80 0.0091 6.07 3.20 1.60 
2902 E 5A MELA Tetr elae 9.20 0.0066 6.99 3.70 1.25 
2903 S 5A MYRT Euge mont 6.40 0.0032 3.00 5.01 
2904 M 5A BIGN Tabe hete 7.50 0.0044 3.10 6.10 
2905 M 5A BIGN Tabe hete 9.30 0.0067 8.81 3.15 6.17 
2906 S 5A CAPP Capp indi 5.10 0.0020 0.50 7.37 
2907 S 5A BIGI Tabe hete 5.20 0.0021 0.25 7.30 
2908 S 5A NYCr Guap frag 15.90 0.0198 9.11 4.20 9.55 
2909 S 5A NYCT Guap frag 10.70 0.0089 8.51 4.45 6.80 
2910 S SA CAPP Capp indi 7.90 0.0049 3.64 4.70 6.80 
2911 S 5A MYRI Euge bifl 5.40 0.0022 6.38 4.80 6.30 
2912 S 5A RHAM Krug ferr 6.00 0.0028 5.90 6.70 
2913 S 5A LAUR Ocot cori 5.00 0.0019 5.10 7.05 
2914 M 5A LAUR Ocot cori 7.60 0.0045 8.81 6.80 7.40 
2915 M 5A LAUR Ocot cori 10.20 0.0081 6.95 7.32 
2916 S 5A MEIA Tetr elae 14.20 0.0158 10.3 7.05 7.42 
2917 S 5A RHAM Krug ferr 8.80 0.0060 10.0 3.50 6.55 
2918 S 5A NYCr Guap frag 7.10 0.0039 7.59 8.20 3.25 
2919 S 5A BORA Cord coli 11.00 0.0095 12.4 8.60 2.45 
2920 S 5A VERB Cith frut 8.30 0.0054 7.29 9.25 4.25 
2921 S 5A MYRl Euge bifl 8.70 0.0059 10.0 9.00 5.55 
2922 S 5B MELA Tetr elae 13.30 0.0138 12.4 0.35 9.35 
2923 S 5B BORA Cord alli 8.50 0.0056 9.72 2.90 6.90 
2924 M 5B MYRC Ardi obov 7.50 0.0044 4.00 3.40 
2925 M 5B MYRC Ardi obov 8.20 0.0052 8.20 4.05 3.45 
2926 M 5B SAPI Meli biju 20.40 0.0326 13.0 5.95 4.00 
2927 M 5B SAPI Meli biju 9.50 0.0070 6.50 4.05 
2928 S 5B SAPI Meli biju 9.10 0.0065 7.60 3.70 
2929 S 5B SAPI Meli biju 12.30 0.0118 6.90 0.75 
2930 S 5B SAPI Meli biju 6.90 0.0037 9.00 2.60 
2931 M 5B SAPI Meli biju 9.50 0.0070 7.65 4.70 
2932 M 5B SAPI Meli biju 11.00 0.0095 7.60 4.90 
2933 S 5B RUA Zant mart 8.00 0.0050 13.0 8.00 5.40 
2934 S 5B BORA Cord coll 20.10 0.0317 15.5 8.35 7.00 
2935 S 5B FABA Andi iner 10.90 0.0093 12.4 8.40 9.75 
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APPENDIX III. (Continued) 
2936 M 5C SAPI Meli biju 
8.70 0.0059 3.50 5.95
 
2937 M 5C SAPI Meli biju 6.10 0.0029 3.40 5.80
 
2938 M 5C 
SAPI Meli biju 5.60 0.0024 3.90 5.01
 
2939 M 5C SAPI Meli biju 9.70 0.0073 4.35 4.80
 
2940 M 
 5C SAPI Meli biju 5.80 0.0026 3.70 4.30
 
2941 S 5C 
FABA Andi iner 21.60 0.0366 15.5 4.20 1.20
 
2942 S 5C SAPI Meli biju 12.90 0.0130 14.5 0.15 0.08
 
2943 M 
 5C SAPI Meli biju 10.20 0.0081 7.00 2.81
 
2944 M 5C 
SAPI Meli biju 5.50 0.0023 6.85 2.76
 
2945 M 5C SAPI Meli biju 
6.40 0.0032 6.80 2.51
 
2946 S 5C LAUR Ocot cori 6.80 0.0036 3.60 9.75
 
2947 S 5C 
NYCr Gup frag 10.80 0.0091 10.6 8.00 4.97
 
2543 M 5C 
SAPI Meli biju 7.10 0.0039 5.45 8.45
 
2949 M 
 5C SAPI Mali biju 10.80 0.0091 5.70 8.95
 
2950 M 5C SAPI Meli biju 
6.00 0.0028 5.80 9.05
 
2951 M 5C 
SAPI Meli biju 6.60 0.0034 7.50 7.85
 
2952 M 
 5C SAPI Meli biju 9.20 0.0066 7.30 8.20 
2953 M 5C SXPI Ma].i biju 5.30 0.0022 7.45 8.46 
2954 M 5C SAPI Meli biju 18.90 0.0280 14.5 7.55 8.51
 
2955 M 
 5C SAPI Meli biju 24.70 0.0479 9.65 5.57
 
2956 M 5C 
SAPI Meli biju 38.20 0.1146 8.80 5.85
 
2957 M 5C 
SAPI Meli biju 34.70 0.0945 9.10 5.35
 
2958 M 
 5C SAPI Meli biju 12.80 0.0128 8.75 5.45
 
2959 M 5C SAPI Meli biju 
5.60 0.0024 8.90 5.62
 
2960 S 5C SAPI Meli biju 10.00 0.0078 9.20 1.00
 
2961 S 
 5C SAPI Meli biju 6.20 0.0030 9.80 2.19
 
2962 S 5D IAUR Ocot cori 
8.70 0.0059 12.4 1.25 2.31
 
2963 S 5D FIAC Case guia 10.90 0.0093 14.5 0.70 5.45
 
2964 S 
 5D LAUR Ocot cori 5.20 0.0021 2.55 8.45
 
2965 S 5D MELA Tetr elae 
5.30 0.0022 4.70 9.00
 
2966 M 5D 
SAPI Meli biju 12.70 0.0126 5.35 8.48
 
2967 M 
 5D SAPI Meli biju 7.10 0.0039 5.25 8.51
 
2968 M 5D SAPI Meli biju 
5.20 0.0021 5.15 8.42
 
2969 M 5D 
SAPI Meli biju 6.00 0.0028 4.75 8.50
 
2970 S 5D lAUR oot cori 7.10 0.0039 3.55 5.52
 
2971 M 5D 
SAPI Meli biju 10.70 0.0089 6.75 5.05
 
2972 M 5D 
SAPI Meli biju 6.60 0.0034 6.85 4.95
 
2973 M 
 5D SAPI Meli biju 16.30 0.0208 6.60 4.55
 
2974 M 5D 
SAPI Meli biju 14.40 0.0162 6.20 4.75
 
2975 S 5D BORA Cord alli 
6.00 0.0028 7.59 8.00 4.00
 
2976 S 
 5D MYRT Euge mont 7.30 0.0041 11.8 9.30 6.15
 
2977 S 5D 
FABA Andi iner 10.00 0.0078 12.1 9.65 6.85
 
2978 S 5D NYCr Guap frag 14.00 0.0153 9.00 8.70
 
2979 S 5D LAUR Ocoot cori 9.60 0.0072 11.5 8.50 8.70
 
2980 S 5E 
CAPP Caop cyno 8.90 0.0062 8.51 2.15 6.51
 
2981 S 
 5E IAUR Ocot cori 11.60 0.0105 0.60 5.31
 
2982 S 5E IAUR Ocot cori 
5.90 0.0027 0.75 3.70
 
2983 M 
 5E RJBI Guet parv 8.20 0.0052 6.68 2.55 3.05
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2984 M 5E 1MBI Guet parv 5.30 0.0022 2.70 3.45 
2985 S 5E BORA Bour succ 6.50 0.0033 3.85 0.55 
2986 S 5E SAPI Meli biju 9.40 0.0069 12.7 7.25 4.40 
2987 S 5E BURS Burs sima 20.00 0.0314 11.2 4.30 4.75 
2988 S 5E BORA Bour succ 17.90 0.0251 6.65 0.15 
2989 S 5E SAPI Meli biju 18.40 0.0265 13.6 5.40 6.45 
2990 M 5E FABA Sabi flor 9.00 0.0063 10.3 5.80 8.10 
2991 M 5E FABA Sabi flor 6.00 0.0028 5.70 8.20 
2992 S 5E MYRT Euge bifl 6.10 0.0029 5.60 7.90 
2993 S 5E NYCT Guap frag 18.20 0.0260 11.8 5.75 7.10 
2994 S 5E IAUR Lica sali 6.50 0.0033 5.60 6.15 
2995 S 5E MYRT Myrc flor 16.30 0.0208 5.47 8.85 9.60 
2996 S 5F BORA Cord alli 11.00 0.0095 11.5 0.50 1.00 
2997 S 5F BURS ' sina 22.50 0.0397 10.0 2.90 3.65 
2998 S 5F SAPO Mast foet 10.00 0.0078 11.2 2.20 5.30 
2999 S 5F CAPP Caly thcm 6.80 0.0036 4.15 0.95 
3000 S 5F NYCT Guap frag 16.70 0.0219 3.85 1.90 
3001 S 5F FABA Sabi flor 7.40 0.0043 8.81 2.20 7.40 
3002 S 5F SAPI Meli biju 7.70 0.0046 1.70 7.69 
3003 M 5F RHAM Krug ferr 9.80 0.0075 9.72 2.05 8.90 
3004 M 5F RHAM Krug ferr 9.20 0.0066 1.90 8.95 
3005 M 5F RHAM Krug ferr 8.00 0.0050 2.00 8.80 
3006 M 5F RHAM Krug ferr 5.30 0.0022 2.10 9.10 
3007 M 5F MYRT Euge mont 6.30 0.0031 4.10 4.95 
3008 M 5F MYRT Euge mont 10.60 0.0088 9.11 4.20 4.91 
3009 M 5F MYRT Euge mont 8.10 0.0051 4.25 4.60 
3010 S 5F BURS Burs sima 17.30 0.0235 12.1 6.35 3.70 
3011 S 5F BJRS Burs sima 27.30 0.0585 13.3 6.25 7.45 
3012 S 5F FEAC Case guia 10.10 0.0080 6.50 7.70 
3013 S 5F CEIA Mayt elli 6.00 0.0028 3.25 9.45 
3014 S 5F RHAM Krug ferr 6.50 0.0033 5.95 9.00 
3015 S 5F BIGN Tabe hete 7.60 0.0045 6.10 8.30 
3016 S 5F RHAM Krug ferr 5.20 0.0021 6.20 8.50 
3017 S 5F NYCT Guap frag 28.20 0.0624 12.7 9.00 9.10 
3018 S 5F BJRS Burs sima 14.70 0.0169 8.81 9.80 6.40 
3019 S 5F BORA Cord coll 5.20 0.0021 7.90 5.75 
3020 M 5G POLY Cocc krug 8.70 0.0059 9.72 1.60 2.01 
3021 M 5G POLY Cocc krug 8.40 0.0055 1.55 1.81 
3022 M 5G POLY Cocc krug 5.80 0.0026 1.65 1.81 
3023 M 5G POLY Cocc krug 8.50 0.0056 1.70 1.70 
3024 M 5G POLY Cocc krug 7.70 0.0046 1.65 1.61 
3025 M 5C POLY Cocc krug 7.60 0.0045 1.90 1.55 
3026 S 5G LAUR Lica sali 5.50 0.0023 0.90 1.95 
3027 S 5G BIGN Tabe hete 9.70 0.0073 7.29 1.35 5.60 
3028 S 5G FABA Pisc cart 8.00 0.0050 10.0 1.10 6.00 
3029 S 5G BIGN Tabe hete 8.60 0.0058 0.45 5.80 
3030 S 5G MYRC Ardi obov 5.10 0.0020 6.38 0.14 6.70 
3031 S 5G CAPP Capp fron 5.70 0.0025 2.80 6.90 
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3032 M 5G 
RHAM Krug ferr 5.60 0.0024 4.25 2.09
 
3033 M 5G RHAM Krug ferr 6.70 0.0035 4.20 2.05
 
3034 M 5G NYCr Guap frag 7.90 0.0049 6.07 4.60 2.14 
3035 M 5G NYCr Guap frag 12.20 0.0116 4.70 2.00
 
3036 S 5G CEIA Mayt elli 
8.90 0.0062 7.59 3.40 6.35

3037 S 5G NYCT Guap frag 23.80 0.0444 3.20 7.15
 
3038 S 5G MIIAM Krung ferr 
7.10 0.0039 6.80 9.15
 
3039 S 5G MYR 
Euge mont 10.20 0.0081 8.20 9.40 9.20
 
3040 S 5G 
BJRS Burs sima 43.70 0.1499 12.7 7.90 7.80

3041 S 5G PLBI Guet scab 
7.90 0.0049 6.68 7.20 7.60
 
3042 S 
 5G CAPP Capp amnpl 7.70 0.0046 6.68 7.80 0.30
 
3043 M 5G RBI Guet parv 
5.70 0.0025 8.60 2.51
 
3044 M 5G 
RUBI Guet parv 5.90 0.0027 6.38 8.50 2.58

3045 S 5G 
CELA Mayt elli 5.00 0.0019 8.51 8.30 4.75
 
3046 S 5H 
BURS Burs sima 21.30 0.0356 6.68 5.40 0.40
 
3047 S 5H MYRT Euge mont 6.10 0.0029 3.95 7.80 2.30
 
3048 S 5H MDRA Ficu citr 
5.50 0.0023 6.99 9.75 2.40
 
3049 S 5H NYCT Guap frag 
9.50 0.0070 9.85 3.35
 
3050 S 5H NYCr Guap frag 11.40 0.0102 2.80 8.45

3051 S 5H MYRT Euge bifl 
5.00 0.0019 2.90 6.00
 
3052 S 5H BORA Cord alli 
5.20 0.0021 2.70 6.85
 
3053 S 5H BJTW 
Burs sima 18.20 0.0260 3.40 9.00

3054 S 5H IAUR Ocot cori 
6.60 0.0034 6.99 7.65 4.45
 
3055 S 
 5H MIM4 Leuc leuc 10.80 0.0091 4.00 3.15
 
3056 S 5H 
NYCT Guap frag 11.50 0.0103 8.51 9.05 8.15
 
3057 S 5I 
 FABA Pisc cart 12.00 0.0113 8.51 0.55 5.10
 
3058 S 5I 
VERB Cith frut 12.20 0.0116 10.0 2.90 0.50
 
3059 S 5I MORA Ficu citr 
5.40 0.0022 2.70 1.05
 
3060 M 5I NYCT Guap frag 6.80 0.0036 7.59 2.45 0.15
 
3061 M 5I NYCr Guap frag 
9.30 0.0067 2.20 9.95
 
3062 M 5I 
NYCT Guap frag 8.90 0.0062 2.15 0.30
 
3063 S 
 5I CAPP CaW ampl 12.40 0.0120 8.20 1.90 0.55
 
3064 S I RHAIM Krug ferr 7.70 0.0046 8.20 5.55 2.20

3065 S 51 CEIA Mayt elli 9.00 0.0063 7.29 6.15 1.91
 
3066 S 
 5I RHAM Krug ferr 5.30 0.0022 5.77 5.85 0.05

3067 M 5I CETA Mayt elli 
5.50 0.0023 6.75 4.10
 
3068 M 5I CEIA Mayt elli 9.40 0.0069 6.60 4.00
 
3069 M 5I 
CEIA Mayt elli 7.30 0.0041 7.50 3.30
 
3070 M 5I 
 CEIA Mayt a.li 13.60 0.0145 9.72 7.40 3.20
 
3071 S 
 5I CEIA Mayt elli 5.20 0.0021 7.55 3.10
 
3072 S 5I 
 BURS Burs sima 16.30 0.0208 9.05 3.00
 
3073 S 5I BURS Burs sima 
7.00 0.0038 4.55 9.00 2.40
 
3074 S 5I ERYT Eryt rotu 5.10 0.0020 4.55 8.70 3.40
 
3075 M 5I BORA Bour suco 
8.40 0.0055 6.99 6.20 4.80

3076 M 5I BORA Bour succ 7.30 0.0041 6.10 4.85
 
3077 S 5I 
 CAPP Capp fron 5.40 0.0022 0.35 6.45
 
3078 M 5I 
CEIA Mayt elli 13.40 0.0141 4.05 6.90
 
3079 M 
 5I CEIA Mayt elli 8.20 0.0052 3.90 2.20
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APPENDIX III. (Continued) 
3080 M 51 CELA Mayt elli 7.40 0.0043 4.3u 7.15 
3081 M 51 CELA Mayt elli 5.80 0.0026 4.40 7.20 
3082 S 51 BUR Burs sima 17.30 0.0235 5.90 8.80 
3083 S 51 MYRP Euge mont 9.20 0.0066 0.45 9.10 
3084 S 51 BUS Burs sina 12.10 0.0114 8.20 7.10 6.30 
3085 S 51 CAPP Cpp cyno 8.00 0.0050 .25 8.00 
3086 S 51 MYRT Euge bifl 5.00 0.0019 5.16 8.70 7.55 
3087 M 51 BORA Bour succ 9.40 0.0069 7.60 9.20 
3088 M 5I BORA Bour succ 18.30 0.0263 10.0 7.50 9.10 
3089 S 5J FABA Pisc cart 7.90 0.0049 8.20 0.50 4.56 
3090 S 5J MYRT Euge mont 6.40 0.0032 0.28 4.60 
3091 S 5J BLPS Burs sima 18.70 0.0274 1.80 3.95 
3092 S 53 FABA Sabi flor 7.10 0.0039 6.38 2.00 4.15 
3093 M 5J MYRT Euge bifl 6.30 0.0031 7.59 2.70 3.80 
3094 M 5J MYRT Euge bifl 6.10 0.0029 3.20 1.60 
3095 M 5J MYRT Euge bifl 10.10 0.0080 3.87 1.35 
3096 M 5J MYR Euge bifl 9.90 0.0076 3.85 1.25 
3097 M 5J MYRT Euge bifl 6.00 0.0028 3.90 1.20 
3098 M 5 MYR Euge bifl 6.00 0.0028 3.95 1.00 
3099 14 5J MYRT Euge bifl 8.30 0.0054 4.05 0.90 
3100 M 5J MYRT Euge bifl 7.30 0.0041 3.95 0.90 
3101 S 5J NYCT Guap frag 14.90 0.0174 10.6 4.25 0.80 
3102 S 5J MORA Ficu citr 7.80 0.0047 6.68 4.60 4.90 
3103 S 5 3BI Guet scab 7.50 0.0044 6.68 6.45 4.15 
3104 S 5J IUBI Guet scab 5.30 0.0022 7.00 3M,4 
3105 S 5J ERYT Eryt rotu 5.70 0.0025 7.40 3.71 
3106 S 5J BORA Bour suoc 10.20 0.0081 8.20 8.60 0.90 
3107 S 5J RUBI Guet scab 7.20 0.0040 7.90 9.70 1.00 
3108 S 5J RUBI Guet scab 6.90 0.0037 8.51 9.55 2.00 
3109 S 5J SAPO Mast foet 5.40 0.0022 9.40 3.95 
3110 S 5J SAMO Mast foet 14.10 0.0156 9.72 9.10 3.60 
3111 S 5J SAPO Mast foet 13.00 0.0132 9.70 3.82 
3112 S 53 RUBI Guet scab 8.40 0.0055 6.68 7.10 7.02 
3113 S 53 BORA Bour succ 9.40 0.0069 7.29 9.30 8.75 
3114 S 5J LORA Bour succ 11.50 0.0103 6,99 8.40 9.40 
3115 S 53 MYRT Euge bif.l 9.40 0.0069 10.0 8.05 9.05 
3116 S 5J MYRT Euge bifl 5.40 0.0022 7.95 9.15 
3117 S 5J RJBI Guet parv 5.90 0.0027 3.85 9.80 

1327 13.269 
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ABSTRACT
 

This study was conducted to determine 
 if three
geochemical anomalies 
 in St. John, USVI contribute
significant amounts 
of heavy metals to shore
near marine
ecosystems. Stream water, 
sea water, marine sediments, and
marine organisms from five watersheds were analyzed for Fe,
Mg, Mn, Cu, 
Cr, Ni, and Zn in order to determine the
 
transport of the metals.
 

Metal concentrations 
in stream water were 
typical of
small, unpolluted streams, and only iron exceeded the U.S.
Environmental 
 Protection 
Agency (EPA) water quality
standard. Magnesium was transported primarily thedissolved phase, and Lron and manganese were 
in 

transported int*e particulate phase. 
The streams did not appear to have(.insistently lower 
o-. higher concentrations of the metals,
but Coral Bay had markedly higher iron and copper than the

-ther streams.
 

Annual metal export was estimated for Fish Bay Gut. Mg
and Fe were exported in quantities greater than 100 kg; 
the
other metals only rarely exceeded this quantity. There was
great variability in 
 annual export rates depending
primarily on 
the magnitude and frequency of rain events.
 

Sea water samples also had 
low metal concentrations,
but iron and manganese exceeded U.S. EPA 
water quality
standards. 
 There was considerable variability 
in metal
con'entrations among the sampling sites.
 

Marine sediments also 
had low concentrations and high
variability among the 
 samples. Intensive sampling
conducted in Fish 
Bay showed that Mn, Ni, 
 and Fe were
horizontally zonated with respect to the discharge point of
Fish Bay Gut. The high concentrations found in sediments
make 
this sample type the easiest compartment for heavy

metal monitoring.
 

Snails, crabs, 
and sea urchins from Fish Bay were
analyzed. Snails crabs
and appear to be good indicator
organisms because 
the levels 
of heavy metal present in
their tissue is well above 

standard analytical techniques.

the detection limit of the
 

The geochemical anomalies do not pose 
a serious threat
to the marine ecosystems of St. John island.
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INTRODUCTION
 

On a geological 
time scale, bedrock weathering and
tectonic activities have been the largest 
sources of trace
metals entering 
surface waters (Williams, et al. 1974).
These natural inputs 
may lead to environmental
concentrations of trace metals comparable to those produced
by anthropogenic pollution. 
 Miller et al. (1982) 
found
dissolved copper concentrations 
of 4100 and 1300 ug/l in
streams 
overlying or peripheral to large 
copper deposits,
whereas concentrations ranged from 0.8 2.6 in
to ug/l
nearby control areas.
 

A recent study by the US 
Geological Su vey identified
several metal deposits in St. John, US 
Virgin Islands
(Tucker, et al. 1985). Researchers discovered anomalously
high concentrations of copper, lead, iron, barium, bismuth,
and tin. These medals were not restricted to 
the bedrock,
but 
were also detected in high concentrations in the nearby
soils and stream sediments. This geochemical data suggests
that bedrock-bound 
metals are entering the aquatic
environment, where they may pose a potential threat to thebiota. This study 
was conducted provide
to additional
information concerning the potential impact of these heavy
metals on marine ecosystems.
 

Source
 

St. John's geology was described by Donelly (1957).
The Water Island formation, which crops out along
southern slopes, is composed chiefly of 
the
 

keratophyre flows
and tuffs (Figure 1). of
Also volcanic origin, the
Louisenhoj formation 
overlies 
the Water Island formation
and is composed of augite andesite breccias and tuffs with
intercalated conglomerates. 
 The Outer Brass Limestone
overlies the Louisenhoj formation 
 and is thin-beaded,
silicified limestone. 
 The Tutu formation 
 is coarse
volcanic wacke, composed 
almost entirely of weathered

debris from the Louisenhoj formation.
 

Tucker, et (1985)
al. concluded 
that these formations
were not the principal source 
of the metals. Instead they
identified three geological anomalies which they believe to
be the 
source of the metals (Figure 2) . They poculatethat these anomalies 
were formed by the emolacement of
intrusive bodies of molten 
lava which flowed through the
existing 
bedrock. The anomalies are metal rich and are
characterized 
by the presence of iron enrichment, copper

minerals, alunite, and gossan.
 



I 0 
r 0 

Luisenhoj Fm. Tutu Fro.[II Dirt 

SWater Island Fro. Alluvium OtrBrass 

Figure 1. Geology of St. 
John. Adapted from Donelly (1957).
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Figure 2. Metal-rich geological anomalies of St. John. Adapted from Tucker, et
 
al. (1985) 



The largest anomaly is centered around Bordeaux
 
Mountain and extends from the 
crest of the mountain to the
 
sea. The authors suggest that a large body of magma flowed
 
through the already deposited bedrock. This anomaly

contains intensely argillized areas and nearly vertical
 
iron oxide veins. Many of the streams draining the area
 
contain sediments high in Ag, Bi, Sb, Ba, Cu, and Pb. 
 The
 
second largest anomaly is centered around Fish Bay Creek
 
and is also characterized by high concentrations of Ag, Bi,
 
Sb, Ba, Cu, Pb, and Se in a small area. This anomaly may

have been caused by a small metalization zone, possibly

related to a geological fault. The third anomaly, the
 
Shore anomaly, is characterized by gossan and intrusive
 
rock containing pyrite.
 

Transoort
 

Trace metals are affected by various factors as they
 
are transported through 
streams, lakes, and estuaries on
 
their way to the sea. Metals in stream or sea water may be
 
either dissolved or associated with suspended solids
 
(generally by adsorption). Equilibrium conditions exist
 
between the two phases depending on parameters such as pH,

oxidation reduction 
potential, salinity, and concentration
 
of suspended solids (Williams, et al. 1974, Salomons 1985,
 
Santschi 1984).
 

Sediments are by far the largest depository of metals
 
transported by streams and sea water. Santschi, et 
al.
 
(1984) calculated that 50 to 100% of the cadmium and lead
 
entering Narragansett Bay became incorporated, at least
 
temporarily, into the sediments. This retention of metals
 
makes sediments an ideal indicator of pollution.
 

Of the trace metals associated with sediments, only a
 
small fraction is released to the water column 
(Hunt 1983).

These metals have been incorporated into the sediments by

adsorption or complexation and do not form a part of the
 
chemical lattice of the sediment particles (Chester and
 
Voutsinou 1981, Gupta and Chen 1975). 
 These so-called non
residual metals represent a small fraction of the total
 
metal content of the sediments (Salomons 1985).
 

Transuort 
 in St. John: Of the factors that could
 
potentially affect the transport of the 
 bedrock-bound
 
metals through the environment, St. John's climate and
 
hydrology are most important. St. John recei-kes very

little rainfall, and drought conditions exist 66% of the
 
time (BC&E 1979). The highest rainfall occurs from August
 
to November (Cosner 1972), but seasonal cycles of
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precipitation are 
hard to establish due the
to annual
variability (Bowden, et al. 
1970).
 

Although St. John receives an average of 44 
inches of
rain annually, 1
only inch 
 (2.3%) becomes streamflow
(Cosner 1972). 
 The net result is that the island's streams
are intermittent, with long periods between flows. 
 Bowden,
et al. (1970) reported that in Charlotte Amalie, stream
flow occurred in only 14 occasions in a ten-year period
(1958 to 1968). 
 These few periods of runoff were generally

short lived and characterized by high flows.
 

The antecedent 
moisture conditions are 
very important
in determining the amount of 
stream flow produced by a
storm event. 
 Cosner (1972) estimated that only 0.1% of
rainfall became runoff when preceded by drought conditions,
and 15.1% when preceded by heavy rain.
 

Several other factors could affect the 
transport of
metals through the environment. Soils are 
clayey and range
from shallow to moderately steep (Rivera, et al. 1970).
More than 84% of the island has slopes greater than 30%
(BC&E 1979). The combination of easily transported clayey
soils and steep topography tends to accelerate 
soil loss,
which also accelerates the loss 
 of soil-bound metals.
Fortunately, 
a land-use survey conducted in 1975 concluded
that nearly 88% of the island 
was forested (BC&E 197q),

which diminishes soil loss.
 

Biotoxicity
 

Trace metals are 
toxic to the marine organism above an
availability threshold, but many 
 are essential to
metabolism at 
lower concentrations. The toxicity of heavy
metals to marine biota will depend on 
chemical characteristics and on availability (Rainbow 1985, 
Louma 1983).
 

Results 
from several studies suggest that, for many
species, there is 
a direct relationship between exposure to
heavy metals and uptake (Bryan 1976). 
 Uptake from solution
is the major source 
of metals for most organisms since the
bulk of the metals ingested passed through 
unassimilated
(Pentreath 1973, 
Sick and Baptist 1979) . The availability
of free ions (a very small fraction of the total dissolved
concentration) appears to control 
 metal uptake from
solution (Sunda and 
Guillard 1976, Anderson and 
Morel
1982). However, studies with deposit 
feeding organisms
such as clams 
(Fowler and Unlu 1978) have found significant
bioaccumulation 
from the ingestion of sediments. These
metals are 
either maintained in a metabolically available
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form which may have toxic effects, or they may be
 
detoxified.
 

The negative effects of elevated concentrations of
 
heavy metals to marine organisms have been well documented
 
by the use of "in vitro" tests (Louma 1983). However, the
 
result of these laboratory toxicity tests may lead to false
 
or misleading conclusions because the conditions of the
 
assay do not necessarily reflect the physiochemical

conditions of the natural ("in vivo") environment. Field
 
studies such as the one conducted by Rygg (1986) have shown
 
that elevated metal concentrations can adversely affect
 
marine communities. Rygg found a significant negative

relationship between species diversity in benthic
 
communities a:Ld sediment concentrations of heavy metals,
 
especially copper.
 

The consequences of gross heavy metal pollution in
 
estuarine and marine environments have been frequently

observed, but the detection of subtle or gradual ecological
 
effects is difficult. Therefore, the environmental
 
consequences of chronic metal contamination have probably
 
gone largely unnoticed.
 

Oblectives
 

This study was conducted to provide additional
 
information concerning the potential heavy metal
 
contamination in St. John by accomplishing the following
 
tasks:
 

1. Measuring heavy metals in stream water, sea water, and
 
marine sediments;
 

2. Estimating heavy metal export to marine ecosystems; and
 

3. Measuring heavy metal concentrations in marine organisms
 
and estimating bioaccumulation.
 

MATERIALS AND METHODS
 

Samples were collected from several locations in St.
 
John. Stream water, sea water, and marine sediments were
 
taken in Fish Bay, Reef Bay, Little Lameshur Bay, Great
 
Lameshur Bay, and Coral Bay. All sampling sites were
 
located in watersheds draining the geochemical anomalies,
 
and stream sediments had moderate to high concentrations of
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trace metals (Tucker, et 
al. 1985) . Most streams werelocated in undisturbed watersheds, but the Fish Bay and
Coral Bay Guts had significant residential development

upstream from the sampling sites.
 

More intensive sampling was conducted in Fish Bay
because of strong development pressures the At
in area.

the time the samplings were conducted, several houses and
roads were being constructed. These activities resulted in
considerable soil movement to the stream 
channel. The
location of the stream channel had recently been altered by
the developers, thereby changing water movement through the
 
mangroves.
 

Fish Bay's coastal 
zone has remained largely unaltered.
A fringe of red mangrove borders eastern
the half of the
bay, and a rock outcrop borders the western half. Until
recently, Fish Bay Gut drained into the bay a
at small
channel cut into the mangrove; the current discharge point
is difficult to locate because the stream had not 
yet
formed a well defined channel. The old drainage channel
was used as the reference 
point for sample collection.

Bottom sediments were uncompacted and deep. There were few
rooted algae covering the 
bay floor, which made sediments
highly susceptible to resuspension. Turbidity in the inner
bay was very high, and visibility vas often less than 2
feet. Aside from several sharks, there was 
low observable

quantity and diversity of fish in the Bay.
 

Analytical
 

Trace metal concentrations were determined using an
atomic absorption spectrophotometef (Perkin Elmer 
2380)
equipped wiuh 
a deuterium lamp backgLound corrector. Iron
and magnesium 
were determined by direct aspiration; total
chromium, copper, manganese, nickel and zinc were
determined using 
a Perkin Elmer graphite furnace model HGA
 
400.
 

Since metal concentrations were expected to be very
low, extreme care was 
taken to avoid contaminating the
samples during sampling and processing. All samples for
metal analysis were taken 
in 1 liter polyethylene bottles

soaked for 24 hours in 50% acid
nitric and rinsed with
distilled, deionized 
water. Furthermore, samples were
processed in CEER laboratories in laminar 
 flow hoods.
Acids used to digest the samples or to acidify them were

either UltrexR nitric acid or Intra-analyzedR hydrochloric
acid. Blanks were analyzed 
for the different digestion

techniques.
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A rigorous quality 
control program in accordance with
 
US EPA protocol was run with the samples 
to ensure the
 
reliability of the results 
 (EPA 1979, EPA 1983) . This 
program included the use of blanks, duplicate and replicate
analyses, standard additions, and US EPA unknowns. 

Stream Water Samples
 

Samples from the Fish Bay (2 locations), Little
 
Lameshur Bay, Great Lameshur Bay, Bordeaux, and Coral Bay

Guts (Figure 3) were analyzed for dissolved and total
 
metals. All samples were taken 3 meters upstream from the
 
point where the stream intersects a road except for Little
 
Lameshur Bay Gut, where the sample 
 was taken at the
 
intersection with Reef Bay trail. 
 The Great Lameshur Bay

Gut samples were taken 50 meters upstream from the Virgin

Islands Environmental Research Station field station.
 

Samples were stored at 4 °C and processed within 48
 
hours. For the dissolved metal analysis, an aliquot 
was
 
filtered 
through a prewashed 0.45 um membrane (Miilipore

HAWP) and acidified with concentrated nitric acid. Tr,

unfiltered portion of the sam-le was also 
acidified ;with

concentrated 
nitric acid for The determination of total
 
metals. 
 Samples for total metals were digested using the
 
hot concentrated nitric techni-Tue
acid (EPA 1 83)

Particulate metals were defined as the 
difference between
 
dissolved and total metals.
 

Samples for the determination of total suspended solids
 
(TSS) were collected at the same time 
that samples for
 
heavy metals were taken. 
 TSS were determined
 
gravimetrically using the glass fiber 
filtration technique
 
(APHA 1980).
 

Sea WLer Samcles
 

Sea water samples were collected just off shore and 15
 
meters 
off shore from the gut outlets in Reef Bay, Little
 
Lameshur Bay, Great Lameshur Bay, and Coral Bay (Figure 3).

More intensive sampling was conducted in Fish 
Bay. When
 
the samples were taken, there was stream
no inflow. In
 
order to minimize contamination, samples were collected by

hand from a slow-mov-rng fiberglass boat by diving.
or 

Concentrated nitric acid and 
storage at 4 °C were used to
 
preserve the samples prior to analysis.
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Samples were digested for the determination of total

metals with the 
addition of 5 ml of 6N hydrochloric acid
 
per 50 ml and heating (Brooks, et al. 1967). Iron, copper,

manganese, and zinc were determined by direct aspiration

(Sturgeon, et al. 1980).
 

Marine Sediments
 

Surface sediments were collected wherever sea water
 
samples were taken (Figure 3), except 
in Fish Bay (Figure

6a). Sediments were obtai-ied while diving using acid
washed plastic cores (15.2 cm long x 5.1 cm diameter).
 

The sediment samples were digested using the

hydrochloric acid stripping method described in Wood and

Acosta Cintr6n (1976). Sediment cores were dried at 120 0C
 
for 7 days. The samples were then sieved and weighed in

duplicates. 175 ml of 50% hydrochloric acid was added to
 
each sample, which was allowed to 
stand for 24 hours. The
 
supernatant was decanted, and another 125 ml of acid was
 
added. After an hour, the supernatant was decanted, and

the sample was rinsed 3 times with distilled, deionizea
 
water. The digestate was taken to 
a final volume of 500
 
ml, and an aliquot was centrifuged at 3000 rpm for 5

minutes. 
 The digestates were diluted for the determination
 
of metals.
 

Marine Organisms
 

Invertebrates (sea urchins, crabs and snails) were
 
caught in Fish Bay by hand and stored frozen. The crabs and

snails were associated with mangroves, where they live in

the 
roots and trunks of the trees. The sea urchins were
 
found on a flat at the mouth of the gut. 
 Fish traps using

lettuce as bait were set up within the bay, but no fish
 
were captured.
 

Soft tissues (e.g. liver, kidneys, and heart) were
 
removed by dissection from the crabs and sea urchins; 
total
 
body tissues were used for the snails. 
The dry ashing

technique described in AOAC (1980) used to the
was digest

tissues. Tissue samples were oven dried at 120 0C for 24

hours and placed in a muffle furnace for 6 hours at 500 0C.
 
50% hydrochloric acid was added to 
the cool, carbon-free
 
residue, which was then warmed for 4 hours or until the
 
sample dissolved. The solution was 
later transferred to a

50 ml volumetric flask 
and an aliquot was centrifuged and
 
filtered through a pre-washed 0.45 um membrane.
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RESULTS
 

Export from the Tarrestrial Environment
 

Heavy Metals in Stream Water: 
 Dissolved, particulate, and
total metal concentrations in 
stream water appear in Tables
la and lb. Only iron and magnesium were found
concentrations higher 
in
 

than 100 ug/l; manganese, copper,
zinc, 
nickel, and total chromium content was low in all
samples. Concentrations of dissolved and particulate
varied considerably among iron

the samples. Particulate 


concentrations, which ranged from <120 
iron
 

to 8,200 ug/l. were
higher than dissolved concentrations, which ranged 
from
<120 to 804 
ug/l. The highest metal concentrations found in
this study were dissolved magnesium, which ranged from
3,130 to 11,320 ug/l. In 
some cases, all of the magnesium
was in 
the dissolved phase, and particulate concentrations
 
were below the detectior, limit of 
400 ug/l. None of the
samples c'ntainerd measurable dissolved manganese, but 
most
contained detectable particulate manganese, which ranged
from <5 to 61 1,g/l. 
 Dissolved copper concentrations were
lower than 15 c.g/l, 
and only one sample exceeded that value
for partic-ilate 
copper. Concentrations 
of zinc, nickel,
and chromium were generally below the 
limit of detection
 
for this study.
 

These values are typical of small, uncontaminated
streams. 
 They also agree with previous samplings conducted
by the US Geological Survey in St. 
John (Robison, et al.
1973). From 1962 to the
1966, dissolved metal
concentrations 
for Guinea 
Gut were: iron <10-100 ug/l,
manganese 
 <10 ug/l, and magnesium 48,000-85,000 ug/l. 
 The
large discrepancy in the magnesium values might be due to
differences 
in land use or metal content of the bedrock.
Most of the metals were below the water 
quality standaids
set by US EPA for 
stream water. Total copper, zinc, and
chromium concentrations were much lower than the respective
standards of 40, 50, 
and 50 ug/l.

the 19 samples exceeded the total 

On the other hand, 17 of
 
iron standard of 300
 

ug/l.
 

Magnesium was 
the only metal transported primarily
the dissolved phase (Figure 4). and 
in
 

Iron manganese
concentrations 
were 
much higher in the particulate phase
than in the dissolved phase, suggesting that transpcrt
occurred primarily associated with suspended particles.
the case of manganese, all the 
In
 

of detectable metal was
exported in the particulate phase. 
 opper transport was
 
not dominated by one phese.
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Table la. Heavy metals in St. John streams. All concentrations are expressed in
 
ug/l and are broken down into dissolved (D), particulate (P), and total (T) metals.
 
TSS refers to total suspended solids. 

DATE STREAM I TSS I 
 Iron I Magnesium I Manganese I Copper
 
ISITE 1987 DISCHARGEj (mg/L) I D P T D 
 P T I D P T I D P T
 
I-----------------------------------------------------------------------------------------------------------------------------------

Coral Bay Gut 5-8 
 LOW I 13.70 1 <120 3,490 3,610 j 4,890 580 5,470 1 <5 26 31 i 8 11 19
 
Coral Bay Gut 
 5-14 LOW 1 .54 I 237 1,69? 1,30 1 5,410 <400 5,600 i <5 7 12 
i 8 3 11
 
Coral Bay Gut 5-18 
 HIGH 1 124.00 I 142 8,218 8,360 1 3,450 1,470 4,920 1 <5 61 66 i 11 23 34 

S.--------------------------------------------------------------------------------------------------------------------------------

jBordeaLx Mtn. Gut 5-8 
 LOW i 5.92 1 124 <120 165 1 7,380 <400 7,380 1 <5 <5 <5 1
Bordeaux Mtn. Gut 5-14 LOW ! 5.73 1 804 4 2 6
516 1,320 I 7,260 <400 7,260 I <5 8 13 I 5 3 
 8
 
Bordeaux Mtn. Gut 
 5-18 
 HIGH 1 28.86 1 331 709 1,040 1 4,910 <400 5,190 1 <5 16 21 i 4 3 7 

I--------------------------------------------------------------------------------------------------------------------------------------------------------


ILittle Lameshur Bay Gut 5-8 LOW 
1 1.07 I 208 1,962 2,170 1 7,750 <400 7,750 1 <5 <5 8 I 6 <2 7
ILittle Lameshur Bay Gut 5-14 LOW I 3.00 
i 804 i 7,600 I 7 f 
 41
 
ILittle Lameshur Bay Gut 5-18 
 HIGH 1 7.35 I 198 2,19. ,390 I 3,450 1,510 4,960 I <5 34 39 I <2 8 10 1 

I
iGreater Lameshur 
Bay Gut 5-19 HIGH 
I I 124 <120 236 I 8,370 <400 8,370 1 <5 48 53 I 5 <2 5 1 

Fish Bay Bridge 5-7 
 0.62 I 37.71 1 149 
 1,121 1,270 110,680 440 11,120 1 <5 24Fish Bay Bridge 5-7 0.64 1 3.73 29 5 3 8
1 124 6,206 6,330 I 8,540 630 9,170 1 <5 44 4 14 
 3 17
 
Fish Bay Bridge 5-8 
 0.58 1 1 503 <120 552 10,490 <400 10,490 i <5 
 <5 6 7 15 22
 
Fish Bay Bridge 5-14 0.74 1 1 <120 
 1,640 1,760 1 6,780 2,880 9,660 I <: 40 45 1 <2 5 7 
JFish Bay Bridge 5-16 0.62 1 7.44 1 198 606 
 804 1 6,260 3,020 9,280 I <5 <5 10 f <2 6 8
 
Fish Bay Bridge 5-18 2.28 1 37.8n 1 <120 
 3,870 3,990 1 3,130 2,740 5,870 1 <5 45 50 1 <2 10 
 12
 

Fish Bay Pond 5-8 
 LOW 1 2.40 1 <120 262 382 111,320 430 11,750 1 <5 <5 
 7 1 5 2 7
 
IFish Bay Pond 5-14 
 LOW 1 I 124 2,786 2,910 1 8,010 5,830 13,840 i <5 
 41 46 1 <2 14 16
 
IFish Bay Pond 
 5-16 LOW 1 6.33 1 <120 
 660 780 1 8,900 <400 9,150 I <5 6 11 1 5 2 7
 
I-----------------------------------------------------------------------------------------------------------------------------------


I
 
I IDETECTION LIMIT-120 I DFTECTION LIMIT-400 
IDETECTION LIMIT-SICETECTION LIMIT-2 I
 

I---------------------------------------------------------------------------------------------------------------------------------



--------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------

Table lb. Heavy metals in St. John streams. All concentrations
 
are expressed in ug/l and are broken down into dissolved (D),

particulate (P), and total (T) metals.
 

DATE STREAM I Zinc I 
 Nickel I Chromium I
 
ISITL 
 1987 DISCHARGEI D P T 
 D P T I D P T I
 

Coral Bay Gut 5-8 
 LOW I <5 <5 9 I <5 <5 <5 I <3 12 15 i 
Coral Bay Gut 5-14 LOW I <5 <5 
 <5 1 <5 <5 <5 I <3 <3 <3 I
 
Coral Bay Gut 5-18 HIGH I 8 8 16 1 
 <5 6 11 1 <3 <3 6 i
 

1...................................................................................................
 

JBordeaux Mtn. Gut 
 5-8 LOW 1 <5 <5 <5 I <5 
 <5 <5 I <3 <3 <3 1 
lBordeaux Mtn. Gut 5-14 LOW 1 <5 
 <5 <5 1 <5 <5 <5 I <3 <3 4 I
 
]Bordeaux Mtn. Gut 5-18 HIGH 
I <5 <5 <5 1 <5 <5 <5 1 <3 <3 4 1 

S-.................................................................................................. 
iLittle Lameshur Bay Gut 5-8 LOW i <5 
 <5 <5 I <5 <5 <5 I <3 <3 6 I 
ILittle Lameshur Bay Gut 5-14 LOW i <5 i <5 I <3 I 
ILittle Lameshur Bay Git 5-18 HIGH I 6 8 
 14 1 <5 <5 6 1 <3 <3 6 1
 

Greater Larmeshur Bay Gut 5-19 HIGH 
I <5 <5 <5 1 <5 
 <5 <5 1 <3 <3 <3 I
 
-...................................................................................................
 

Wish Bay Bridge 5-7 0.62 1 <5 <5 <5 I <5 
 <5 <5 1 <3 <3 5 1
 
Fish Bay Bridge 5-7 0.64 1 <5 
 <5 7 1 <5 <5 <5 1 <3 7 10 1
 
Fish Bay Bridge 5-8 0.58 1 <5 <5 
 -5 I <5 <5 <5 <3 <3 4
 
Fish Bay Bridge 5-14 0.74 I 
 <5 <5 <5 1 <5 <5 <5 1 <3 4 7
 
Fish Bay Bridge 5-16 0.62 <5 <5 
 <5 1 <5 <5 <5 1 <3 <3 3 1
 
[Fish Bay Bridge 5-18 2.28 1 <5 
 <5 <5 <5 <5 6 I <3 <3 6 I
 

[Fish Bay Pond 5-8 LOW 1 
<5 <5 <5 1 <5 <5 <5 I <3 <3 4 
IFish Bay Pond 5-14 LOW 1 <5 <5 <5 I <5 <5 8 <3 5 8 1
 
IFish Say Pond 5-16 LOW I 
 <5 <5 <5 1 <5 <5 <5 I <3 <3 6 1
 

I...................................................................................................
 

[DETECTION LIMIT=51DETECTION LIMIT-5 I DETECTION LIMIT=3 
I
 
I...................................................................................................
 



I- Mg (mg/i) Cu (ua/l) 
10 is 

7 -i 

I0
 

aI 42 
0 -!46 

4 

1.5

0 0 
CBG BMG LLBG FBB FBP CBG BMG LLBG FBB FBn 

Figure 4. 
 Heavy meta.l concentrations 
in St. John streams. Average dissolved (Z)
and suspended (M) concentrations were calculated 
for common sampling dates (5-8,
5-14, and 5-18). Sampling statioos were: Coral Bay Gut 
(CBG), Bordeaux Mountain
Gut (BMG), Little Lameshur Bay Gut (LLBG),
and at the permanent pond (FBP). 
and Fish Bay Gut at the bridge (FBB),
 



The 
small number of samples taken in each gut makes it
difficult 
to determine relationships between stream 
flow,
suspended solids, 
 and metal transport, but 
 some
generalizations 
can be made. 
 Magnesium concentrations
decreased with increasing discharge, and manganese content
increased. The 
other metals showed no marked relationship
between flow rate and metal concentration. 
Total suspended
solids 
(TSS) were also higher at high flows than at low
flows. TSS were positively correlated with 
particulate
copper, manganese, and, a
to lesser extent, iron (r2=
0.854, 0.713, and 
 0.678, respectively). 
 Particulate
mangane e and copper 
were 

iron 

also correlated with particulate
(r =0.843 and 0.592, respectively).
 

In order to compare the 
heavy metal content of the
guts, averages were calculated for the three sampling dates
on 
which all guts were sampled (Figure 4). These averages
showed considerable variation, which 
could be due
differences in metal to
rcontent of the bedrock and in land use
within the watershed. 
 None of the guts appeared to have
consistently lower 
or higher concentrations of 
magnesium,
iron, copper, total chromium, or manganese. However, Coral
Bay Gut had markedly higher copper 
and iron content than

the other guts.
 

Export Estimate: In estimate heavy metal export
order to 

from the Fish Bay watershed, the stream water heavy metal
results 
were combined with 
estimated stream 
flow values.
Since the Fish Bay watershed is ungaged, data 
from Guinea
Gut were 
used to test the validity of hydrological models.
Stream flow data 
for the Guinea Gut station were obtained
from Cosner (1972), Curtis, et al. 
 (1983 and 1984), and US
Geological Survey 
preliminary 
data. Precipitation data
were 
obtained from two sources: 
from 1963 to 1966, from the
Guinea Gut watershed (Cosner 1972), 
and from 1983 to 1985,
from the Coral Bay watershed (NOAA 1983, 1984, and 1985).
 

The 
 Guinea Gut watershed data showed that export
calculations should be based on annual stream runoff rather
than individual 
storm events. The relationship between
precipitation and 
stream 

very poor 

runoff for individual storms was
(Figure 5). 
 This great variability in the amount
of runoff produced 
by storms of similar magnitude was
probably 
 due to the influence of antecedent weather
conditions in the watershed (Cosner 1972) . If a storm was
preceded by drought 
conditions, evapotranspiration 
could
account for almost 100% 
of storm waters, and stream 
flow
would be nearly 0. Therefore, the export estimates were
based on annual streamflow and precipitation, which ,nre
significantly correlated (Figure 5).
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Figure 5. Relationship between precipitation and
 
streamflow for Guinea Gut, St. John.
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The next step in the calculation was to extrapolate the
precipitation/runoff relationship 
from Guinea Gut to the
Fish Bay watershed by adjusting the runoff data 
for the
drainage area of 
the two watersheds (0.37 and 1.77 
mi2,
respectively; Cosner 
1972). Due to the sparsity of
hydrological information for St. John, 
this manipulation
represents the best estimate of runoff in Fish 
Bay.
However, Jordan (1972) hypothesized that runoff from the
major watersheds of St. 
John was not directly proportional
 
to the drainage area.
 

The annual runoff data can be subdivided into two
groups (Table 2). 
 In some years (1964, 1966, 1983, and1985), storm events greater than 2.6 cm (approximately 2inch) accounted for less than 20% 
of yearly runoff. Most
metal export in these years probably occurred 
over a long
period of time and during base 
flow conditions. However,
in other years (1963, 1965, and 1984), storm events greater
than 2.6 cm accounted for more than 65% of yearly runoff.
Most metal export 
in these years probably occurred at high
stream 
flows and over a relatively short period of time.
Therefore, the 
runoff data were divided into "base flow"
and "storm flow" years, and 
the estimated 
annual runoff
values for Fish Bay were multiplied by the average total
metal concentrations 
 in Fish Bay Gut during low flow
conditions (5-7 to 5-16), 
and high flow conditions (5-18),
respectively 
 (Table la and lb) . Geherally, there waslittle difference between the high flow ;and 
low flow metal
concentrations, probably due to 
the small number of stream
 
water samples analyzed.
 

There was great variability in the annual metal export
(Table 2). Each year, only iron and 
magnesium were
exported in quantities 
greater than 100 kg and exceeded

1,000 kg several years. 
 The other metals only rarely
exceeded 100 kg. 
 Since zinc and nickel concentrations were
generally below the detection limit, the values 
presented
in Table 2 represent the greatest possible export 
(based on
the results of this study). 
 These values are comparable to
export calculations made Hart, al.
by et (1982) for an
 
Australian stream.
 

It is 
very probable that only a fraction of the metals
exported by a stream find their way to the 
near shore
marine ecosystems. Many of the island's streams do not
drain directly into the sea. Mangroves and salt ponds 
 may
act as heavy metal sinks by accumulating metal-rich
 
sediments.
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Table 2. Heavy metal export estimate for Fish Bay, St.
 

John.
 

A. Hydrological data for Guinea Gut:
 

Number of Rain % Yearly Runoff
 

Year Rainfall Runoff Storms <2.6 cm Accounted for by
 

(cm) (cm) 
 Per Year Storms <2.6 cm
 

1964 68.1 0.23 
 1 1
 

1966 77.2 0.43 5 
 17
 

1983 134.3 36.40 
 9 12
 

1985 94.6 3.43 
 3 2
 

1963 90.2 1.47 
 5 66
 

1965 96.3 3.56 
 7 93
 

1984 128.4 20.35 
 6 99
 

B. Metal Export Estimates for Fish Bay Gut:
 

Runoff Fe Mq Mn Cu NI Cr
 
Year (L X 10^6) (kg) (kq) (kg) (kq) (kq) 
 (kg)
 

1964 72 154 715 2.00 0.89 <0.36 0.42
 
1966 136 291 1,351 3.78 1.68 <0.68 0.79
 
1983 11,456 24,552 113,918 318.91 141.21 <57.28 66.44
 
1985 1,079 2,313 10,732 30.04 13.30 <5.40 6.26
 

1963 464 
 1,850 2,722 23.25 5.52 2.78 2.78
 

1965 1,119 4,466 6,570 56.11 13.32 6.72 6.72
 
1984 6,404 25,550 37,589 321.04 76.20 38.42 38.42
 

The quantity and chemical partitioning of the trace
 
metals probably varied considerably in the "base flow" and
 
"storm flow" years. Bradley (1984) concluded that the mass
 
flow of metals is greatest during flood peaks. He also
 
concluded that dissolved metal concentrations decrease at
 
high flows, and the quantity of metals bound to particles

increases. Therefore, export probably would be greatest

during the "storm flow" years, but metals would be
 
relatively unavailable to the environment because they

would be tightly bound to suspended particles. During the
 
"base flow" 
years, there would be less export, but the
 
metals would be in the more bioavailable dissolved state.
 

Heavy Metals in Marine Near-Shore Environments
 

Sea Water: Concentrations of total metals in sea water 
followed a pattern similar to that observed in stream water 
(Table 3) . Of the metals analyzed, iron had the highest
concentration (range: 915 to 71 ug/l), followed by
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manganese (4 to 387), zinc (10 
to 20), and copper (all
samples <10). 
 These values were considerably higher than
the values obtained in Bermuda, and lower than 
those
obtained in Bay, Rico
Jobos Puerto 
 (Table 4). Bermuda,
like St. John, is a small 
 island relatively free of
anthropogenic contamination, whereas Jobos Bay receives the
treated effluents of several industries. The difference in
concentrations between 
Bermuda and 
St. John is especially
interesting since 
it may be an indication that the metalrich bedrock in John is
St. indeed causing an increase in
trace metals in coastal 
waters. However, the different
digestion techniques utilized in studies
the should be
taken into consideration. 
 The Bermuda samples were not
digested, and the samples in this study were digested using

10% dCl.
 

Several of samples
the exceeded the EPA 
water quality
standards for coastal waters. 
 Seven of the fifteen samples
had more 
than 200 ug/l of iron, and four samples had more
than 100 ug/l of manganese. All 
of the zinc and copper

samples were below the 50 
ug/l standards.
 

There was considerable variability 
among the sampling
sites. Fish Bay apparently of
had higher concentrations

iron and manganese, 
and lower concentrations 
of zinc
the other bays. However, this 

than
 
fact is probably due to the
greater number of samples taken in Fish Bay.
 

Table 3. 
 Heavy metal concentrations 
in the coastal waters
of St. John. Distance 
refers to the approximate distance
from shore in the north/south (N/S) and east/west (E/W)
axis. 
 For ID codes refer to Figure 3.
 

Distance
ID 
 N/S E/W Fe Mn 
 Zn Cu
Code Site 
 (i) (i) (ug/l) (ug/1) (ug/l) (ug/l)
7 Coral Bay 
 15 0 276 
 56 10 <10
6 Sanders Bay 
 15 0 190 9 15 
 <10
5 Greater Lameshur E 15 0 4
86 17 <10
4 Greater Lameshur W 15 0 162 
 9 10 <10
3 Little Lameshur 15 0 
 71 4 18 <10
2 Reef Bay E 
 15 0 24 12 15 <10
1 Reef Bay W 
 15 0 24 9 
 10 <10
 

Fish Bay 
 0 0 407 387 10 <10
Fish Bay 
 20 0 762 340 10 <10
Fish Bay 40 
 0 915 368 10 <10
Fish Bay 
 60 0 467 104 10 <10
Fish Bay 
 80 0 484 73 
 20 <10
Fish Bay i00 446
0 
 65 10 <10
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Marine Sediments: The same concentration pattern that was
 
seen in the stream and sea water samples could also be
 
seen in the marine sediments (Tables 5 and 6). Metals could 
be arranged in order of decreasing concentration: magnesium

(23,800-2,250 ug/g), iron (25,610-1,230 ug/g), manganese

(610-4 ug/g), total chromium (388-6 ug/g), copper (33-1

ug/g), nickel (30-1 ug/g), and zinc (<35 ug/g). These
 
values were 2 to 90 times lower than concentrations obtained
 
for Mayaguez Bay, in Puerto Rico, which receives industrial
 
and domestic pollution (Table 7).
 

Nichols and Towle (1977) studied sediment heavy metal
 
concentrations in Benner Bay, St. Thomas. They obtained the
 
following values: copper 140 to 0.2, and zinc 150 to 0.12
 
mg/g. These values are not comparable to values obtained in
 
this study because the Benner Bay sediments were digested

using hot concentrated nitric acid, which liberates matrix
bound metals in addition to the non-matrix metals liberated
 
by leaching with hydrochloric acid.
 

There was considerable variation in the metal content of
 
the sediments, possibly due to differences in factors that
 
control adsorption, such as organic matter (Salomons 1985),
 
manganese and iron oxides (Williams, et al. 1974), and
 
percent non-calcareous residue (Jickells and Knap 1984).

There was considerable variation in the organic matter
 
content, sand and rock content, and vegetation of the
 
sampling places, which could affect metal concentrations.
 
As was the case in the stream water samples, manganese and
 
copper were positively correlated with iron (p<0.05)"
 

Table 4. Average heavy metal content of surface coastal
 
waters. NA means not available.
 

Fe Mn Cu Zn Ni
 

(ug/l) (ug/l) (ug/l) (ug/l) (ug/l)
 

BermudaI 
 1.07 0.19 0.2 0.3 0.14
 

St. John2 332 il <10 13 NA
 

Jobos Bay, 541 252 9.6 103 NA
3
Puerto Rico


1. Total leacnable metals (non-filtered samples without
 
digestion) (Jickells and Knap 1984).


2. Total metals (non-filtered samples with HCI digestion).
 
This study.
 

3. Dissolved metals (Puerto Rico Environmental Quality Board
 
data for 1984).
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Table 5. Leachable metals in sediment core samples from St. 
John island.
Distance refers to the approximate distance from shore. 
 For ID codes

refer to Fig. 3.
 

ID SITE 
 DISTANCE Fe 
 Mg Mn Cu 
 Zn Ni
CODE Cr
(m) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g)1 REEF BAY W (ug/g)15 
 1,230 12,660 
 4 7 <35 30
2 REEF BAY E 12
15 1,440 10,630 9 
 4 <35 15
3 LT LAMESHUR 9
0 1,450 4,700 25 
 1 <35 6
3 LT LAMESHUR 58
15 2,050 7,300 14 
 1 <35 16
4 GT LAMESHUR W 60
0 7,440 10,710 131 
 5 <35
4 GT LAMESHUR 10 49W 15 4,150 5,030 21 9 <35 1
5 GT LAMESHUR E 60 5,720 7,630 83 
 6 <35
5 GT LAMESHUR 13 10
E 15 6,430 4,470 41
6 4 <35 1 8
SANDERS BAY 
 0 3,060 2,930 18 
 3 <35
6 SANDERS BAY 5 15
15 7,020 9,430 ill 
 22 <35 10
7 CORAL BAY 15
0 7,780 7,110 
 64 9
7 CORAL BAY 4 85
15 7,220 7,090 46 12 
<35 

<35 
 4 13
 



Table 6. Leachable metals in sediment 
core samples from Fish Bay,

St. John island. 
Distance refers to the approximate distances from
the point of discharge of Fish Bay Gut in the north/south (N/S) and

and east/west 
(E/W) axis. NA means non-available data.
 

DISTANCE
 
N/S E/W Fe Mg 
 Mn Cu Zn Ni 
 Cr
 
(i) 	 (i) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g)
10 0 14,590 9,930 480 13 <35 8 NA
20 0 9,310 8, 640 222 5 <35 8 28
50 0 17,280 10,730 186 28 
 <35 11 388
60 0 11,190 23,800 135 15 
 <35 6 194

80 0 2,420 2,250 40 
 4 <35 1 6
90 0 11,160 6,660 362 	 NA20 <35 2 


1 -60 19,490 11,020 185 33 <35
100 

11 33
100 -40 16,620 10,070 510 27 <35 
 9 32100 -20 15,230 7,220 601 21 <35


100 20 12,730 8,800 145 14 <35 
8 20
 

100 40 10,560 9,580 76 13 <35 
7 25
 
5 29

100 60 8,770 10,040 160 15 <35 10 21
150 0 6,590 10,280 42 7 <35 3 23
200 -50 6,280 11,490 54 7 <35 2 17
200 0 5,190 9,740 54 
 5 <35 2 16200 50 9,970 10,180 53 17 <35 5 33
200 150 7,400 9,900 35 
 16 <35 3 23

300 -50 25,610 17,400 248 28 <35 
 12 365
300 0 5,430 7,920 37 7 <35 2 18
300 50 9,680 10,780 67 15 <35 
 4 30

300 100 9,260 10,400 48 12 
 <35 5 31

300 200 10,110 12,650 53 
 16 <35 5 35
 



An intensive sampli effort 
was conducted in Fish Bay
to determine if supe-
 z sediment-linked 
metals were
stratified in 
 relatii 
 . the gut's discharge point.Three of the 
six metal 
 ied showed a slight horizontal
zonification. Mangane. -iickel, and 
to a lesser extent,
iron had markedly higher .oncentrations in the samples taken
meters
within 100 of the gut's discharge area than in more
distant samples (Figure 6a and b). 
 There were no discernible
horizontal patterns 
 for magnesium, copper, or 
 chromium
(Figure 6b ana 
6c) . The lack of a strong pattern is not
surprising since 
the stream runoff events that bear metals
to the bay occur only 1 to 7 times 
per year. Postdepositional mixir;g 
of particles by physical 
and biological
mechanisms could affect
then the original heavy metal
imprint on the sediments (Santschi, et al. 1984, Polprasert
1982). The water circulation pattern within the bay, which
is yet unknown, may also the
affect deposition pattern of
 
the metals.
 

Samples taken in 
other bays had lower concentrations of
iron, magnesium, manganese, copper, and total chromium than
samples taken in Fish Bay (Tables 5 and 6). 
 This difference
is probably due to the unequal sample si,.es 
at each site.
The greater number of samples taken in Fish 
Bay permitted
samples with higher concentrations to appear in the study.
 

Marine Invertebrates: Concentrations of manganese, copper,
magnesium, and 
iron for several species of snails, crabs,
and sea urchins are given in Table 
8. Metal content varied
considerably among 
 the different organisms. The
concentrations found in snail and crab tissues we-e
generally higher than those 
found in sea urchins. However,
this observation 
was not tested statistically due 
to the
small sample size and large standard deviations.
 

Table 7. Heavy metal 
 content of surface near-shore
 
sediments.
 

Site 
 Cr Cu Fe Mn 
 Ni Zn
 
(ug/g) (ug/g) (mg/g) (ug/g) (ug/g) (ug/g)
 

Mayaguez Bay, 690 31 827
GO 487 
 70
 
Puerto Rico1
 

Fish Bay, 68 12 9 9 7 <35
 
St. 
John
 

1. Adapted from Wood and Acosta Cintr6n 
(1976).

2. This study.
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Figure 6a. Leachable metals in sediment cores
 
from Fish Bay, St. John.
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26
 



Table 8. 
Heavy metal content of some marine invertebrates in Fish Bay, St.
snail waS Littorina angulifera, the John. The
 sea urc' -n was 
Tripneustes esculantus,
crabs wre GoniopajZ _ruent t, Plausia dep1 
and the
 

the numbei of individuals analyzed. 
ssa, and Aratus pisonni. N represents
All values are expressed in terms of dry tissue
weight.
 

A: AVERAGE + STANDARD DEVIATION
 

N Wet/Dry Ratio 
Fe Mg Mn Cu
(ug/g) (ug/g) (ug/g) 
 (ug/g)
 

Snail 
 8 6.0 + 1.0 14G1 + 1221 7510 + 1900 236 +Sea Urchin 121 88.2 + 58.84 4.8 1.6 158 + 67 8387 ± 5674
Crab 2 2.6 ± 0.1 
4 ± 1 3.1 + 1.7
133 + 11 6906 + 874 131 + 29 97.9 + 9.4 

B: RANGE
 
Snail 
 8 5.0 - 7.8 
 125 - 3818 
 5491 - 10124 147 
- 436
Sea Urchin 2.3 - 196.7
4 3.4 - 7.0 
 125  258 5433 - 16897 2 - 5
Crab 2 1.1 - 5.0
2.5 - 2.7 
 125 - 140 6288 - 7524 
 110 - 151 
 91.3 - 104.6
 



Manganese concentrations ranged from values as high as
 
436 ug/g in snails to values as low as <5 ug/g in sea
 
urchins. The same pattern was found to be 
true for copper

and iron, with maximum concentrations of 197 and 3,818

ug/g, respectively. The concentrations of nickel and total
 
chromium were below the analytical detection limit. The

large variation in metal content of the species 
is not
 
surprising since it 
is well known that some organisms have a

significantly higher capacity to bioaccumulate metals than
 
others due to physiological and behavioral differences
 
(Louma 1983).
 

The levels of copper in crab tissue found in this study

(36.4 and 38.9 ug/g wet weight) were higher than those

reported by Sanders (1984) for two South Carolina estuaries
 
(7.5 to 9.8 ug/g wet weight) . This difference can be 
att:-ibuted to differences in m.2thodology since Sanders 
analyzed only edible tissue. The tissue analyzed 
in this
 
study was soft tissue which usually has higher metal
 
concentrations.
 

Snails and crabs appear to be good indicator organisms

since the level of heavy metals present in their tissue is
 
well above the detection limits of the standard analytical

techniques. 
 In order to assess their suitability,

information about seasonal and intra-sample variability must
 
be generated and studied, and the implications for
 
biomonitoring determined.
 

CONCLUSIONS
 

The geochemical anomalies identified by Tucker, al.
et 

(1985) do not pose a serious threat to the marine ecosystems

of St. John island. 4eavy metals are transported by the

islind's streams to the sea, and can 
be detected in stream
 
water, sea water, and marine sediments. However, these
 
levels were typical of uncontaminated environments and, with
 
the exception of iron and manganese, were mostly below water
 
quality standards set by US EPA.
 

The concentrations of trace metals in these three sample
types followed a similar concentration pattern: Mg > Fe > Mn 
> Cu > Cr > Ni > Zn. The much higher concentrations found 
in marine sediments 
make this sample type the easiest
 
compartment for heavy metal monitoring.
 

Although samples from several watersheds were analyzed,

no conclusions can be made concerning the relative impcs 
 of
 
the geochemical anomalies in these watersheds to
due the
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limited number of samples taken. Samples from Fish Bay had
higher concentrations 
of some of the metals, but this fact
 can be attributed to the greater number of samples taken in
Fish Bay. More intensive sampling, together with a better
understanding of the role of metal sinks such 
as salt ponds

and mangroves, are needed to address this question.
 

The export estimates 
suggest that large quantities of
 some metals are transported by the island's streams. More
than 100 
kg of iron and manganese were consistently exported
by Fish Bay, and export of the other metals only rarely

exceeded 100 kg. However, two factors must 
be taken into
consideration in to the
order assess potential impact of
these metals. First, 
not all of these metals reach coasta
waters because salt ponds and mangroves retard or stop metal
 
movement. By slowing down water velocity, 
these ponds
facilitate the incorporation 
of metals into the sediments.

Second, the chemical partitioning of the 
metals determines

the bioavailability to marine organisms. 
 Dissolved ions are
potentially more 
toxic than metals adsorbed onto particles.

Only magnesium was transported primarily in the dissolved

phase; 
iron and manganese were exported in the particulate

phase.
 

The levels of trace metals present in the animal tissues
analyzed were not dangerously high and should not pose a
threat to the organisms. There was considerable difference
in the metal content 
of the different species collected in

Fish Bay, with those associated with mangroves having the
highest concentrations. 
 Snails and crabs should be
considered as indicator organisms because of their abundance
and the relatively high concentration of trace metals found
 
in their tissues.
 

Research and Mnaement Recommendations
 

1. 
 Monitor iron and manganese concentrations in stream and
 sea water to determine 
how often the EPA standards are
exceeded. 
 Since iron is much easier to analyze and is
highly correlated with manganese and copper, 
this metal
might be used as an 
indicator of metal contamination.
 

2. Determine the 
transport of lead through the ecosystem.

Tucker, et al. 
(1985) found very high concentrations of lead
 
in the geochemical anomalies.
 

3. Determine the fraction of stream-transported metals that

become incorporated into the sediments of salt ponds 
and
 
mangroves.
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4. Establish a long-term biomonitoring program. In order
 
to assess the suitability of the indicator organisms, 
the

intra-species and seasonal variability in metal content need
 
to be studied.
 

5. Study the effects on the ecosystem of the high

sedimentation and turbidity in Fish Bay; determine the
 
relative importance of natural and anthropogenic fectors in
 
causing this sediment load.
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