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Management of a Tropical Fish Pot Fishery
for Maximum Sustainable Yield

DAVID K. STEVENSON
College of Resource Development
University of Riode Iskand
Kingston, Rhiwode Island 02881

INTRODUCTION

.

Coral reets and adjacent shallow-water epvironnients are productive “oases”
in otherwise nutrient-depleted tropical seas which support abundant and diverse
fish populations and active artisanal fisheties. One of the principal witisanal
fishing gears used on coralhine fishing grounds in the Caribbean is the wite fish
pot. Available information mdivates that annual harvests from coraltine shelf
areas in the Caribbean may range from g tow of .5 metric tons (mt) per km= to
as much as 4.0 mt per km? (Stevenson and Marshail 1474y as compared to a
generally accepted harvest rate of 2.0 Mt tor demersal stocks trawled from
temperite zone lishing grounds. Juhl (1971) reported o total cateh of 100000
mt from reef areas m the Caibbean during 1968, Given the general luek of
technological change 1 the artisanal fisheries in the last decade, this catch has
probably changed very little. Assuming an average sustained harvest rate of 1.1
mukm? . Munro (1973) predicted a potential catch of 730.000 mi from Curib-
hean reel areds. The wrtisunal reef fishery clewrly ments more attention than it
has heretofore received 11 these fisheries are to be developed and the resources
properdy managed.

Total estimated lundimes (fish and shelliishy from inshore Puerto Rican waters
in 1975 were 2310 mi (Suurez-Caabro, personal communication ). During 1974,
737 of the total fish landed m Puerto Rico were derived from wire fish pots
(Rolsin, 1978). Spiny obster are an econamically important component of pot
catehes: 2977 ot the ex-vessel vatue of pot fandings in 1974 were due to lobster.

The mujor fishing ground for the Puerto Rican pot fishery is the 520 km? of
coralline shelf oft the southwest cousst of the stand (Fig. 1), The average depth
over most of the shelf 1 30 m: the substiate 1s composed of a coralline sand with
isolated corul heads and reefs (Fig. 2). Pots are set in 10-00 m, usually in the
vicinity of the submerged nnging reef which shoals to 10 m on the outer edge
of the shelf and near the numerous shallow pateh reefs closer inshore. The
insnore pots are operated from small open boats 5- to 7-m long with outboard
motors. Oftshore fishing grounds are exploited by u fleet of perhaps a dozen
larger (7-12 m) sloop-rigged suil boats which are equipped with in-board engines
and small gasoline-powered pot haulers. These vessels make daily trips and haul
40-60 pots per trip. Each pot is left for 4-5 days. The fishery is seasonal; fish
predominate during the wel season (June-November) and lobster during the dry
season (October-April).

An analysis of the commercial lundings from 81 pot hauls during 1973-74
revealed an average catch rate of 5 kg of fish per haul worth $2.08 (ex-vessel
value). The fish exploited by this fishery are small; the average weight of 2300
fish Janded from the same 81 pot hauls was 0.18 kg/fish,
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Figure 1. The island of Puerto Rico showing major cities and the 100 fm contour,

Research was conducted aboard a commercial pot vessel in Fuerto Rico dur-
ing 1973-74 for the purpose of estimaiing growth and mortality rates for the
principal fish species harvested by the pot fishery. The objective was to apply
parameter estimates to the Beverton-Holt yield model to determine the degree to
which each species population was over- or under- exploited and to recommend
appropriate management procedures for the fishery. The 10 species selected for
this study (Table 1) accounted for approximately 80% of the weight landed
from the previously mentioned 81 pot hauls.

METHODS
Data Collection and Compilation

Parameters were estimated from length data for fish captured in 3.4-cm and
4.2-cm (maximum aperture) wire-mesh fish pots operated in different focations
(Fig. 2) on the southwest coast of Puerto Rico.! Over 10,000 individual fish
were measured during 39 fishing trips aboard commercial pot vessels during
three sampling periods in 1973 and 1974, Sampling was conducted for a total of
13 weeks during a 14-month period. All pots were of similar volume (0.70 m?
or 25-30 cu ft) with entrances of nexily equal size and were operated by experi-
enced fishermen. No data were collected from damaged pots since the escape of
smaller fish through holes in the pots produced biased length-frequency data.

Length measurements were compiled into frequency tables by species, loca-
tion, and mesh size for each fishing season. Length intervals were, in most cases,

1 The chicken wire used to construct wire fish pots is composed of roughly hexagonal
meshes, Both mesh sizes which were sampled were commonly used by the fishermen and
were equivalent to I1-in and 1.25~in mininmum aperture,
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Table 1. List of the ten species investigated on the souihwest coast of uetto
Rico during 1973-74 with tiie percent composition by weight us estimated from
81 pot hauls during two dit“erent fishing sezsons

Percent of total landings  Percent of total lundings

Family n .
Genus and Species Sept-Oct May-June
1973 1974
Serrunidae (groupers, hinds)
Epinephelus guttatus 25.1 13.3
Cephalopholis fulva Il 9.7
Carangidae (jacks)
Caranx ruber 4.4 2.8
Pomadasyidae (grunts)
Haemulon pluntieri 7.5 22.7
Mullidae (goatfishes)
Psewlipeneus maculatus 14.5 3.8
Holocentridae (squirrelfish)
Holocentri s ascensionis 8.8 2.8
Holocenti us rufus 3.7 7.6
Scaridae (parrottish)
Sparisoma aurofrenatum 6.3 6.4
Sparisoma chrysopterum 1.0 7.3
Sparidae (porgies)
Calamus pennatula 0.5 0.9
TOTAL 82.9 71.2

5 or 10 mm. Individual length-frequency distributions were combined for differ-
ent locations in cases where the composite sample reveale¢ the same number of
size groups with more or less identical modal lengths as in the original, uncom-
bined samples. For cases in which the ranges of sizes retained by different
meshes were not significantly different (no size selectivity ), samples collected in
different mesh sizes were also combined.

Parameter Estimation

Growth (K, L))
Growth was assumed to conform to the von-Bertalanffy growth function

-K (( ° t‘q: )
=L, ) )
where 1 = lengthat any age t
L= the maximum limitin;, length attained by individuals in the pop-
ulation
K = the annual instantancous growth rate
t, = the time (age) at which growth begins
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Figure 2. The southwest coast of Puerto Rico:a smallscale map whicn shows the coastline
and depth contours, The triangles indicate the position of navigation buoys, Inland place
names indicate landing points for the pot fishery. Major underwater reef features are also
identified. Three general fishing grounds worked by offshore pot vessels from Puerto Real
(locations A, B, and C) are indicated by cross-hatching.

The growth rate K can be estimated from the length increments of individual
size groups between sampling periods without absolute age information by trans-
forming the von-Bertalanffy growth equation into the following linear regression
equation (Ricker, 1975):

log, (L-1,)= log, L, t+kt, - kt )
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. where b= the mean length of s given size group at time t
+ = the relative time of sampling beginning at =6
k= the slope of tne linear regression

Thus, in graphical form, values of Y=log, (L, -1, ) were viotted g St E
when t was equal to the time interval between the first and succeeding samples
(0, 8, and 12 months). The slope of the resulting repression was. for each size
group, equal to K and an average monthly growth rate was calculated tor alf size
groups fron the individwal K regression cocflicients. An average annval instanta-
neows growth rate for cach vize group wis estimated by multiplying the average
monthly growth rate by twelve.

In order to estimate k from cyguation (2), values of L must either be Kiown
of estimated from repeated trisl-and-ervor fi's of the regression cquation to
observed 1r and 1 data using different values of L until the best fitis ob-
tained. However, since all regression analyses in the present study were perform-
ed with a very limited number of points (there was 1 maxumum ot three sam-
pling pericds represented). the tak-and-crror estimation procedure was not at-
tempted. Instead. L estimates were hased on (1) the maximum ubserved
fengih (1, 1 in cateh data from Puerto Rieo or from i series of independent
studies of reef fish populations in Jamaica. and (2) trial-and-eror regressions tor
Jamaican <ateh data o performed by Munro and co-workers. Estimates of L,
are presented in Table 2. Estimates which were hased on maximum observed
fengths were selected such that L was equal toor slightly more than the Jargest

observed 1 erther in Jumaica or Puerto Rico.

Mean length estimates were determined tor individual size groups in cach
seasonal length frequency distribution by means of 1 parameter estimation
technique derived by Hasseiblad (1960} and executed on an 1BM 370/155 com-
puter according to o program developed by Tomlinson (1971). This program
(NORMSEP) estimated the mean length, variance. and percent compaosition of
normally-distributed component size groups by means of iterative solutions of
maximum likelihood estimates for cach parameter. This process involved setving
a partial differential equation for an approximation to the fogarithm of the
likelihood function with respect to each parameter when cach equation was set
equal to zero. Initial estimates of the means. variances, and proportions for each
size group were performed using maximuim likelihood estimates for onessided
truncated norme. distiibutions (Hald 1952).

Analysis of each polymodal lenpth frequency distribution was repeated for
different numbers of component size groups and using different vitlues for the
length at which adjucent size groups overlapped until a result was obtained
which accounted for all size groups present in preceding samples, excepting
those which could be assumed to no longer remain vulnerable to capture and
“new” groups recently recruited to the fishery. A chi-square goodness-of-fit test
was also used to indicate which polymodal frequency analysis produced the least
divergenice between observed and predicted length frequencics.
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Table 2. Maximum limiting lengths (L) and annual instantaneous growth rates
(K) estimated from length frequency data for three sampling periods during
1973-74. Estimates of L_, were either based on trial-and-error regressions of log
(Loe 1) versus sampling time (see text) or on observed maximum lengths and aré
sppropriately labelled.

Species Loofmm)  Obs. Cale. K
Epinephelus guttatus 5207 - 0.22
Cephalopholis fulva 3401 — 0.447
Caranx ruber 520* — "
Hacenmudon plumieri 4201 —— 0.26
Pseudupencus maculatus 2708 —_ 0.28.
Holocentrus ascensionis 300 — 0.26
Holocentrus rufus 230 — 0.29
Sparisoma aurofrenatum 260 — 0.20
Sparisoma chrysopterum 370 — ?
Calamus pennatula 285 — ?

References:  Thompson and Munro, 1974a: Thompson and Monro, 1974b; Billings and
Munro, 1974: Munro, 1974a.

Once a satisfactory frequency analysis was selected for a given sumple, two
guidelines were used to deduce the most probable mean length progression for
each size group: (1) once vulnerable to capture. each size group had to be
accounted for in each catch record until it reached a size that was no longer
harvested, and (2) growth of a size group between any two sampling periods
could not be negative,

The importance of these two criteria is best illustsated with an example. In
the example shown in Figure 3, size groups A, B, and C had to be accounted for
in the fall 1974 duta since they were clearly indicated in the previous two
sumples. However, the overlapping of groups B and C (and perhaps Dy in the Fall
1974 data was so extreme that only one mean length could be satisfactorily
determined and the third data pointin the lineuar regression analyses for groups B
and D was eliminated (Fig. 4) as was the intermediate mean length for group A,

The second criterion required that the third group in the Spring 1974 sample
(200 mm mean length) could not be size group D since this interpretation would
infer negative growth. The single predominant peak in the lust sample was there-
fore assumed to belong to group C. This interpretation resulted in similar anrual
growth rate estimates for each group (Fig. 4).

Presumed mean length progressions were also based on the assumption that
no additional size groups were recruited to the fishery during the intervals be-
tween sampling. Also, progressions which resulted in very low (K <0.1) or very
high (K> 1.0) growth rates were rejected. Valuable guidelines to the most
acceptable growth rates for most of the species investigated were provided by
the published growth estimates of Munro and co-workers in Jamaica.
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Figure 3. Seasonal length frequency distributions for Holocentrus ascensionis captured in
wire fish pots with different mesh sizes off the southwest coast of Puerto Rico during
1973-74. The mean lengths for component size groups as determined by computerized
polymodal frequency analysis are shown by the small arrows and the inferred mean length
increments for size groups A, B, C, and D by the dotted lines.

Because length data were only collected on three occasions and since many
mean lengths could not be satisfactorily determined, many of the lineai regres-
sions used to estimate growth were composed of only two data points. Statistical
analyses of variance were performed for all three-point linear regressions.

Total mortality (Z)

Once annual growth rates were estimated, instantaneous rates of total annual
mortality were estimated from average annual 1973.74 length frequency distri-
butions for each species and for each mesh size according to the following
equation derived by Beverton and Holt (1956):
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Figure 4. Annual instantaneous growth rate estimation for MHolocentruy ascensionis based
on the progressions of mean lengths (1) for size groups A, B, C, and D shown in Figure 3,
The maximum limiting length (L) was assumed to equal 300 mm. The single three-point

regression was statistically significant at p=.05.The average growth rate estimate for all four
size groups was 0.26,

Z=K(L, -] -1) 3)
where K = instantancous annual growth rate
L, = the maximum limiting length
' = the smallest length that was fully represented
_ in the average annual catch record
1 = the average length of fish larger than 1'
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To avoid statistical bias due to unequal sample sizes in the different seasons,
average annual length-frequency duta were compiled by computing the average
percent frequency for cach length class during the three sampling veriods. Since
length daty were cotlected on two oceasions in the fall and only once in the
spring. the spring fiequencies were weighted by u fuctor of wwo in order to
obtain unbiased annual frequencies.

The parameter 1 was defined as the lower boundury of the first length class
that was 1004 retained by the gedr e the fisst distinet frequency maximum in
the wnnual length frequency distribution. As such. 1" could also by considered as
the sive at first capture. Because the selection of 17 wis not completely objec-
tve in every case. /Z estinutes were often repeated for different estimates of 1
(Table 3). The parameter T was estimated from a coded wmay ol successive
frequencies for ull length classes from 1’ upwards.

Natural and fishing moreality (M and F)

Nutural mortality estimates used in this study were based on fength-frequency
data obtained from underexploited populations on Pedio Bank, located ahoul
BO km south of Jamaicu. Assuming that fishing mortality was not g fuctor,
Munto and co-workers estited the patameters 1 and T from annual length
frequency distiibutions obtained durrig exploratory fishing operations on Pedyo
Bank wnd solved equation (3) for the ratio M/K. Natural mottality estimates for
three of the species stndies i Pucrto Rico were estimated directly from publish-
ed Pedro Bank fength daty using known gowth estimates from Jamdics o
Puerto Rico (Tuble 4). However, in all thiee cases. published MK estimates were
recalculated Yrom available annual fength frequency distributions for o new value
of 1" which was consistent with the detmition used 1o estimiate totyl mortality
rates.

Since the published M/K estimates Tor three aelditional species were highes
than published Z/K estimates fin explortea popualations of the sane specics,
there was considerable doubt as 1o theis accuraey amnd therefore “true™ MK
ratios were estimated to be 7577 of the publishied Z/K ration from exploited areas
on Pedro Bank. This procedure seemed reasonable stmee Munro atd Thompson
(1973) reported that there was an active commercial fishery only in the vicinity
of the small cays on the castern end of Pedio Bank. ancarea which composes
only 137 of the total wew of the Bank, Natural mortality was calculated from
the adiusted M/K tatios using hnown growth rutes (Table 4,

For the remaining two species, no reliable MK estimates were availuble from
Pedro Bank and thererore o range of probable estimates we:e derived from M/K
ratios equal to 033,056 and 0,60 the lowest known Z/K 1atioy,

Relative Yield Fstimaies
Relative yield per recruit estimates were detesmmned from a set ol vield tables
published by Beverton and Hoh H904) These vield tables e based on @ modi-
fied version of the onginal Beverton-Holt yiehd equation i, which age parameters
were tepluced by fength parameters and fishing mornidlity I was replaced by the
ratio of fishing mortadity 1o total mottadity (F/Z). Thus. the relative yield per
recruit tor cach species wan determined 1ronn estimuates of the following three
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Table 3. Annual instantancous total mortality rates (Z) for eight species esti-
mated from annual length fiequency data averaged for two Fall and one Spring
catch records for 3.4-cni and 4.2.cm maximum-aperture wire-fish-pots operated
on the southwest coast of Puerto Rico during 1973-74. Total mortality was
estimated from the cquation Z/K(L,,")/(1-1") with known growth rates (see
text). Calculations were repeated in suu.e cases for two values of 1' and 1. Total
sample size equals N,

Species Mesh Size N 1 1 Z
(cin)

E. guttatus 34 704 190 244 1.13
220 260 1.42
4.2 758 230 276 1.17
C fulva 34 449 190 221 2.39
4.2 687 200 231 2.20
C. ruber* 34&4.2 284 170 226 1.26
H. plumieri 34 293 180 239 0.80
4.2 552 190 240 0.92
220 251 1.44
P. maculatus 34 1098 165 184 1.31
4.2 737 180 201 0.93
H. ascensionis 3.4 393 185 204 1.33
200 211 2m
4.2 298 215 228 2.02
34 &4.2 754 205 21K 1.61
H. rufus 34442 545 180 159 1.38
S. aurofrenatum 34 447 155 183 0.54
170 191 n.64
4.2 473 185 203 0.62

*Data available for Fall 1973 and Fall 1974 sampling periods only and were based on captures
in depths 20-40 m.

variables: (1) the exploitation rate E which was equal 10 F/Z, (2) the parameter
"¢ which was equal to the calculated length at 50% retention (T ) divided by
L, and (3) the ratio of natural mortality to growth (M/K).

Since the observed selection ranges for given mesh sizes were asymmetrical,

the mean selection length T, was calculated as

T,= T1,48 Fy [SAF, @)
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Table 4. Annual instantancous natural mortality rates (M) for e, pecies
captured in wire-iish-pots on the southwest couast of Puerto Rico during 1973-74
based on natural mortality/growth ratios (M/K) for unexploited populations on
Pedro Bank and on known growth rates. Published M/K ratios were recalculated
for acjusted length at first capture data (17). In other cases, M/K was estimated
from known Z/K values or estimated as a range of values,

Species M/K K M Remuarks
E. gurtatus 145 0.24* 0.59 M/K adjusted tor new )
C fubve 2.08 0.63" 1.31 M/K =757 Pedro Cays Z/K
C.oruber 4.00 0.24° 096 M/K adjusted for new i’
H. plumieri 1.00 0.26 0.26  Probable range of M/K

1.50 (.26 0.39  values

2.00 0.26 0.52
P.omaculatus 2.20 0.28 0.62  M/K adjusted for new v
I, ascensionis 3.81 0.26 1.00 M/K =737 Pedio Cays 2/K
H. rufus 286 0.29 0.83  M/K =75¢ Pedro Cays Z/K
S. aurofrenatum 1.00 (.20 0.20  Probable range of M/K

1.50 0.20 0.30  wvalues

2.00 0.20 0.40

* - .
Growth rates reported from Jamaica,

the midpoint of the yth length class in the
observed selection range for a given mesh size

where 1,

AF,

the increment in frequency corresponding to
the yth length class

Thus, for given estimates of E and M/K., observed values of ¢ were compared
with the expected values of ¢ (equals ¢’ ) at cumetric yield, i.e. when the maxi-
mum sustainable yield per recruit was attained with the least amount of exploi-
tatior and the optimum mesh size. Species for which observed ¢ was less than
expected ¢’ were overexploited; a reduction in fishing effort or the use of a
farger mesh would increase T, relative to L, und improve yield. Species for
whick ohserved ¢ was greater than expected ¢’ were underutilized and an in-
crease in fishing effort or the use of a smaller mesh would improve yield.

Note that for the purpose of yield assessments the exploitation rate E was
held constant while maximum yield per recruit was evaluated in terms of the
mean selection length. In reality, adjustments in the value of 1, /L would be
accompanied by changes in the exploitation rate and appropriate management
decisions would have to be ¢valuated in terms of both parameters.
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RESULTS
Growth and Total Mortality Estimates, By Species

Lpinephelus guttatus

A mean annual instantaneous growth rite (K) cyual to 024 was estimated
from progressions for 1our size groups - 3.d-cmomesh and three in 4.2-cm
mesh-length data. Two of these progiessions were complete for afl three seasons,
but were statistically insigniticant. The maximum limiting length (I, ) was us-
sumed to equal 520 mny g5 reported by Thompson and Munro (19749) who also
reported K=0.24 i Jamaica. The annual total mottality rate (Z) for 3.4-cm mesh
was greater than Z in 4.2-cni mesh owing to the size selectivity of the geur.,

Cephalopholis fulve

Crowth and tta mortality estimates for this species were hoth considerably
higher than for any other. A single two-point size progression in 4.2-cm mesh
data resulted in K=0.44 whe- Lo Was assumed to equal 340 mm, Polymodal
frequency analysis for 3.d-om mesh-fength data was unsatisfactony. A growth
tate equal to 0.63 way 1eported by Thompson and Munro ( LO740) from Jamaiea,
Growth was apparently rapid enough that no single size group remained in (he
exploitable size range for as long as a vear. Totl mottality was more pro-
nounced in the smaller mesh as a result of the size selectivity of the gear.

Caranx ruber

Size selectivity by mesh was negligible, but there was 4 signiticant variation in
the sizes captured according to depth. Length data for the 1wo meshes were
combined in two fall shallow-water length frequencies, but no progressions were
observed and growth could not be estimated. The total mortality estimate was
buased on K=0.24 and Lo =520 mm us reported by Thompson and Munro
(1974b).

Hazmudon plumieri

This species was captured in shallow waierr { <HUm)in both mesh sizes with
no apparent size selectivity. The progressions of three size groups sampled in
4.2-cm mesh-pots during all three seasons produced K=0.20 when L, was i
sumed to equal 420 mm. A single linear regression which was complete 1oy the
entire year was significant at w=.05. Billings and Munro (1974) reporied K=0.32
for inshore populations in Jumaica and K=0.37 for offshore populations. Toral
mortality was gicater in the larger mesh apparently because this SPECies Wi not
captured selectively by the two meshes. The 7 estimate of 092 in 4. 2.cm mesh
seemed more acceptable and was used in subsequent vield analyses.

Peudupeneus maculatus

There was a pronounced effect of mesh sice on the lengthy of fish captured
owing to the elongated shape of this species. Growth esumaies were based on
the progressions of five size groups. two in the smaller mesh and tares 11 the
larger. A single three-point regression was statistically significant at ¥ =.05. Using
an assumed L equal 1o 270 mm, K was estimated 1o cqual 028 The marked
difference in total mortality rates for the two dirterent mesh sizes was expected
for a species which showed such a pronounced size selectivity.,
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Munro (19744) reported that male and female P maculatus in Jamaica a'-
rained different maximun fengths (270 mm for males and 250 i Tor females)
and significanly different growth rates (0.70 and 0.35 respectively), but no such
variation in - the growth ot presumed male and  female size groups was
demonstratable in the Puerto Rican duta. No attempt was made to estimate K or
Z by sex.

Holocentrus ascensionis

Drespite evidence ol size selectior by mesh, individual samiple sizes were low
and growth wus estimated from combined mesh length data and size progressions
for four groups. One regression was complete for the entire year and was signifi-
cunt at ¢ =05, Average annual instantaneous growth was equal to 0.26 when
Lo, was seteaua to 300 mm. The lower total mortahity rate estimate for 3.t-cm
mesh (Z=1.33) ~cemed more likely since size selectivity was « tactor and sinee
total mortalive estimate for o comoined 3.4-cm and 4.2-cmmesh average staoual
data set was aenmediate between 1.33 ond 2.02.

Holocenrruy rujus

This species showed no apparent size selectivity by mesh and was restricted 1o
shallow water. Growth was estimated from two progiessions in combined mesh
data. one of which was complete tor all three sampling periods and was signifi-
cant at =01, The maximum limiting length was assumed to equal 230 run and
Kowas equal to 029, Totad mortality was estimated from combined mesh length
data averaged over all sumpling seasons.

Sparisoma aurofrenation

This species was also restricted to shallow water and showed significant size
selection by mesh. Growth estimates from the 34-cm mesh-length data were
tejected since the inferred growth rates increased consistently for older size
groups. Four size progressions were revealed in the 4.2-em mesh data. two of
which produced three-point regressions. One of these regressions was not signifi-
cant, the other wus significant at ¢ =05, The average growth rate was equal to
0.20 when L__ was cqual to 260 mn. Total mortahity estimates were essentially
the same regardiess of mesh size.

Sparisoma chrysopterum and Calainus pennatula

Growth rates were not estimated tor these two species owing to uncertain size
increments hetween samphing perniods. No growth information was available lrom
Jumaica, In the absence of K estimates. total mortality rates could not be
estimated.

Nautural and Fishing Mortality Rates (M and F)

Annual instantancous mortality estimates for six species ranged from 0.60 to
1.30 (Table 4) when M/K was either based on length frequency data from
unexpioited populations on Pedro Bank (with adjusted 1" values) or on a 75%
estimate of Z/K values obtained from length data for lightly fishad populations
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on Pedro Bank. The natural mortality estimate for C. fulva (1.31) was consider-
ably higher than for any other species. Natural mortality :ates were estimat. !
for three probable M/K values for H. plumieri and S, aurofrenatum and indicated
a range of M estimates from 0.20 to 0.52. No M/K estimates were available for
cither S. chyrsopterum or C. pennatula.

Fishing mortality estimates for n.lividual species with variable 1" values
(Table 5) captured in either 3.4-cm or 4.2-cm mesh sizes ranged from 0.30 to
1.10. The exploitation rate E (equal to F/Z) ranged from 0.25 to 0.58, but the
majority of cases were between 0.40 and 0.50.

Exploitation Relative to Eumetric Yield

From the vield tables published by Beverton and Holt (1964), values of the
exploitation rdte E and the parameter ¢ (equal to the mean selection length Ts
divided by L} at eumetric yield were compared with observed values of the
same two pdrdmclurs for ezch mesh size and the optimum value of ¢ (¢ ,aals ¢')
at cumetric yield was predicted while i wus held constant. The following results
were indicated (Tables 5 and 6.

Two species (£, guttatus and [, plumieri) were slightly overexploited in both
mesh sizes. The evidence, however, was less convincing tor £, plumicri since the
natural mortality rate was unknown and vield assessments were performed for a
range of probable values of M. Overexploitation was indicated for exploitation
rites exceeding 0.35 in the smaller mesh and exceeding 0.43 in the larger mesh.

Table 5. Relative vield assessments for five species with known natural mortality
rates captured in two mesh sizes of wire-fish-pots oi the southwest coast of
Puerto Rico during (973-74. Observed values of the parameter ¢ (when ¢ is equal
to T, s [Loo) Were compared with optimum values (¢"Vat cumetric yield per recruit
for known estimates of the exploitation rate E (=F/Z) and M/K. Overexploita-
tion was indicated when ¢ exceeded ¢ and underexploitation when ¢ exceeded
¢'. Higher values are underlined.

Species Mesh 1T ¢ | z | ¢
(cm) ’
E. guttatus 34190 185 .36 054 113 45 42
220 188 .36 0.83 1.42 S8 _46
4.2 230 206 39 0.58 1.17 S0 42
C fulva 34190 180 _f3 108 23y 45 4
4.2 200 189 36 0.89 2.0 40 42
P. maculatus 34 i6S 150 .56 0.69 1.31 53 45
4.2 180 174 .55 0.31 0.93 33 37
H. ascensionis 3.4 18§ 173 _58 0.33 1.33 25 .26
00 181 .60 102 2,02 S0 34
4.2 215 202 .68 1.02 2,02 50 34
H. rufus 34 &4.2 180 168 .73 C.5S 1.38 40 .36
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Table 6. Relative vield assessments for two species with unknown natural mor-
tality rates captured in two mesh sizes of wire-fish-pots on the southwest coast
of Puerto Ricu during 1973-74. Natural mortality was estimated us a range oi
probable values. Additional parameters are the same as in Table 5.

Species Mesh !’ Ts ¢ M F Z E ¢
(cm)
H. plumieri 34 180 169 40 026 054 080 68 .06

tnle
o

40 0.39 041 0.80 Sl
40 052 0.28 0.80 35

4.2 190 181 43 026 0.66 092 12
43 039 053 092 S8

40

66_

56

43 052 040 092 A3 43

S. aurofrenatum 3.4 155 149 54020 0.34 0.54 63 64
54 030 024 0.5 4450

254 040 014 0.54 260 .36

34 170 155 64 020 044 0.64 69 58
64 030 .34 0.64 53 54

64 040 024 0.64 38 42

4.2 185 160 62 020 042 0.62 .68 52
L 030 032 062 S 52

.62 040 022 0.62 35 42

Observed yield per recruit for £ guttatus in 4.2<cm mesh pots was very close to
eumetric yield; a reduction in E to 0.45 and an increase in [ to 210 mm would
maximize yield.

The remaining five species for which yield assessments were performed were
all significantly underexploited. The greatest degree of underexploitation was
observed for the two Holocentrus species and for P maculatus captured in
4.2.cm mesh pots. P maculatus harvested in 3.4-com mesh pots were also under-
exploited, but not as notably. Results for S. aurofrenatum were also less clear
since natural mortality rates were estimated for a range of M/K values, but
underexploitation was consistently indicated for intermediate and low fishing
mortality rates. The coney (C. fulva) was underexploited, but not to the same
degree as the others. An increase in the exploitation rate to 0.55 and a reduction
in the parameter ¢ to slightly less than 0.50 would be required in order to
achieve eumetric yield per recruit. The exploitation rates required to achieve
maximum sustainable yield per recruit for the other four species were believed
to be 0.60 or even higher.

DISCUSSION

The two overexploited species captured in fish pots on the southwest coast of
Puerto Rico during 1973-74 could be distinguished from the five underexploited
species on the basis of their size. £, guttatus reached a maximum observed length
(420 mm) that was 100 mm larger than any other species for which yield was
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evaluated while /1. plumieri has a considerably deep body. The underexploited
species reached a maximum observed length of 300 mm and were therefore
vulnerable to retention in size-selective wire fish pots over a more reduced length
range than larger species or species with deep bodies.

Exploitation rates estimated for individual pocics harvested in Puerto Rico
during 1973-74 were generally lower than those reported for the same species
harvested on the intensively fished south coust of lamaica and higher than those
reported from commercially exploited oceanic banks south of Jamaica (Munro,
1974b). The annual harvest per unit area on the south coast of Jamuica in 1968
was 1.2 mt per km? (Munro, 1974b) while in Puerto Rico, harvest of reef fish
on the southwest coast reached 0.8 mt per km? in 1974, suggesting that the
Jamaican shelf was more productive and supported more abundant fishery
resources.

With the exception of C fulva, annual instantaneous growth rates ranged
from 0.20 to 0.30 while annual instantaneous natural mortality rates varied from
0.60 to 1 00. Ratios of natural mortality to growth were therefore generally
high. An important consequence of high M/K ratios for any exploited fish popu-
lation is that the critical size (and age) which prevails at maximum sustainable
yield is low and conflicts with the minimum size at maturity. A comparison of
observed meun selection lengths for 3.4-cm and 4.2-cm meshes with length-at-
maturity estimates reported by Munro et al. (1973) indicated that significant
proportions of the catch for five species, at least, were sexually immature (Table
7). Even larger proportions would be vulnerable to capture before the fish actu-
ally spawned for the first time. '

Table 7. Lengths at maturity ( lm) defined as the lower boundary of the first size
class which contained 25% or more ripe or spent fish and compared with mean
selection lengths in two mesh sizes for six species captured in the wire-fish-pot
fishery of southwest Puerto Rico during 1973-74. Data were collected Jamaica.
Data for two species were by sex.

Species Length at Matwrity* Mean Selection Lengths (mm)
(mm) 34 cmmeash 4.2 cm mesh
E. guttatus <250 185-188 2006
C. fulva <160 180 189
C. ruber 240 170+ (both meshes)
H. plumieri 220 169 181
P. maculatus d 180 150 174
Q <160
S. aurofrenatum 9 160 149-155 160

*Data were from Munro, 1974b, except for 8. aurofrenatim which were provided by Peter
Reeson, personal communication,
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The probable age compositions of the catch records for individual species
were determined by converting relative lengths-at-age (1; ) to absolute lengths-
at-age. This was accomplizhud by arbitranly assi aing absolute ages to observed
lengths-at-age until an age assignment wirich produced u satistactory it ot the
von-Bertalantty growth curve for the estinated values of K and L to the
inferred lengths at absolute age was obtained, This pre ess was Micilitated by the
selection of o single birthacte (time. of year) for the cohorts in cach species
population on the basis of published reports of the spawning behavior of reef
fish in Jumaica (Munro et al. 1973). The agreement between observed and infer-
red 1, data following age assignmenis was, in most cases, remarkably good.

The inferted length-at-age information indicated that the maximum age at-
tained by most species was 12-15 years and the exploited age range wus from 1.5
to 7 years. The mean age at first maturity for the «x species listed in Table 7 was
3.0 years and the mean value of 1, /L was 0.53, indicating that 50T or more
of the growth of these species was achieved before sexual maturity. Apparently,
C fulva attzins a maximum age of 7 yewrs, matures during the first year of
growth and remains in the exploitable size range fremage 1 year to 1.5 yeurs.
The inferred absolute age compositions of cuiches or P maculatus were based
on the assumption that adjacent size greaps represenied male and female fish
which grew at different rates even theagh a single growth rate was estimated for
this species. C fulva was assumed (0 spawn twice a year as suggested by Munro
etal. (19731,

Optimum mesh size predictions and calculations of expected chaages in yield
following hypothetical mesh increases were performed following methods out-
lined by Guland (1961; 1964) for £ guttatus and H. plumieri. These methcds
permitted the caleulation of expected yield relutive to an actual baseline yield
for different mesh sizes duriag two phases. These two phases were: (1) an initial
phase immediately following hypothetical mesh increases when yiekd would he
reduced to below original levels by the loss of fish between the new minimum
size at cupture and the original minimum size at capture; and (2) a later phase
when the biomass of the population would be increased by the additional
growth of fish which are retained at a larger minimuin size by the new mesh. The
ultimate long-term catch would therefore be a sustainable, equilibrium catch.
The time period necessary for the transition from immediate decreases in catch
to long-term equilibrium yields was also estimated.

Results indicated that maximum yield for £, guttatus would be achieved in
4.6-cm mesh. Longterm sustzinable yield was predicted to increase by only
0.4% over actual yields in 4.2«m mesh and by 3.4% in relation to yield in
3.4-cm mesh. fnunediate predicted reductions in catch runged from 6 to 17% of
actual vield, A period of 4 years would be necessury to attain equilibrium
catches.

Expected yield determinations for /1 plumicri were less clear, but also indi-
cated modest long-term increases following more significant immediate reduc-
tions, For the intermediate natural mortality estimate (M=0.39 and E=0.58), an
optimum mesh size of cither 4.9 or 5.3 cm was predicted to improve yield by
only 1% after 2 years, while expected immediate losses would be 4.6% for
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4.9-cm mesh. Under more extreme exploitation conditions (M=0.26 and
E=0.72), a 4 to 5% increase in long-term catch was predicted for 5.3-cm to
6.4-cm mesh sizes after immediate losses of 8-30%. Apparently, the choice of
optitnum mesh size was less critical for this species than for £, guttatus.

No obiective basis for determining optimum mesh size and the effect of
reduced mesh sizes on yield for the underexploited species was available. Given
the considerable degree of underexploitation for many of the smaller species
investigated, however, it would seem that mesh sizes of 2.5 ¢cm would signifi-
cantly increase biomass yield for these species. It would be a mistake, however,
to use maximum sustainable biomass yield as the only management objective
since it could only be achieved at the expense of the increased capture of
immature fish and would pose the problem of marketing very smail fish. Indeed,
given these problems and the fact that smaller mesh sizes would deplete the
populations of E. guttatus and 1. plumieri, mesh size reductions seemed the
least attractive management alternative.

A more attractive alternotve wouid be to increase mush size, perhaps to 4.6
cm, Although catches of the underexploited species, espacially P. maculatus,
would be further reduced, some increase in equilibriun yield for £, guttatus and
H. plumieri could be expected, albeit a modest one. These two species accounted
fo. 50% of the value of landings recorded for 81 pot hauls which were moni-
tored during 1973-74 (Table 1). Perhaps a more important factor is that fewer
immature fish would be retained by larger meshes, thus permitting an increase in
recruitment. Although it was impossible to quantify this factor. Munro (1974b)
considered that a gain of more than 50% in the relative value of pot catches due
to increased recruitment would be possible on the exploited south coast of
Jamaica following a mesh increase which would produce only a 577 gain in vield
per recru‘t.

A taird alternative would be to maintain existing mesh sizes and make no
changes. An important feature of this course of action is that a variation in mesh
sizes in use at any time permits the fishermen, to the extent that it is possible, to
deploy pots of different mesh sizes in different arcas where certain species
predominate. Aside from possible improvements in yield which might result
from increased recruitment, the expected yield and optimum mesh size evalua-
tions for the two overexploited species did not reveal enough overfiching to
justify converting all the pots in the fishery to a slightly larger mesh <ize.

The most striking characteristic of a tropical fish pot fishery is the great
variety of species and sizes of fish which are harvested. The species and size
composition of the catch is sensitive to small changes in mesh size. Introduction
of mesh sizes smaller than 3.4-cm into the Puerto Rican pot fishery would resiit
in severe overfishing of some species while a mesh larger than 4.2-cm would
significantly reduce the relative composition of the smaller species in the catch.
Another management alternative for tropical fish pot fisheries is to regulate the
amount of fishing effort applied. This could be accomplished by limiting the
density of pots in use in a given area while maintaining an optimum range of
mesh sizes which permits maximum catch diversity.
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Administracion de una Pesqueria Tropical de Nasas de
Alambre para un Rendimiento Mdximo Sostenible

RESUMEN

En el rerfodo 197374, datos sobre frecuencias de Jongitud para dicz especies de peces
capturar s 20 una zona cvoretna con nasas de alambre fueron recogidos a bordo de lanchas
pesqurras en fa costa surocste ' Puerto Rico. Con base en estos dates, se estimaron os
pardraetros necesarios (tasas de crecimiento y mortalidad) para ¢l modelo de rendimicento de
Beverton y Holt, El objetivo fue determinar el rendimiento maximo sosienible por recluta
paa cada especie, relativo Wl rendimiento actual obsenvadoy recomendar un plan de
¢.plotacion rccional del recurso.

De fas operaciones de muestree realizadas durante tres periodos de aproximadamente un
mes cada uno, se obruvieron estimados de laz tasas instantineas anuales de crecimiento (K),
seglin los incrementos en el tamafio promedio de grupos individuales en cada frecuencia de
lengitud, Pard estimar los tamanos promedios, cada frecuencia de longitud fue analizada a
uavés de un métodv matemdtico programado en una computadora. Para seis especies, ¢l
intervalo K fue de 0.20 hasta 0,30, Tara una séptima especie, K fue igual a 0.44, Valores
pary la longitud maxima tedrica (1) se aproximaron er: !+ fongitud maxima ob-ervada o en
esti'nados de Les publicadas en Jamaica.

Tasas instantaneas anuales de mortalidad total {Z) se estimaron de l distribucion
sromedio de frecuencias anuales de longitudes para cada especie. Estimados de mortalidad
natural (M) ~e hicieron sobre datos de longitud de poblaciones poco explotadas en un banco
ocanico al wur de Jamaica, obteniéndose variaciones entre 0,60 y 1.30. Restando M de Z, se
obtuvieron estimados de la tasa instantinea de mortatidad por pesca (F).

Basindose en los parametros conocidos, fue posible determinar la tasa de explo acion
(E=F/Z). la proporcidon M/K, v el parametro " (= longitud mediana de seleceion por malla
dividido entre Leo), Utilizando estos tres pardmetros, se estimd el rendimiento maximo
sostenible por recluta con tablas de rendimiento, cuyos valores de ¢' sobre rendimiento
mdxime fueron comparados con los valores observados (2) para un valor constane de la ticd
de explotacion. Dichas comparaciones se hicieron para siete especies ¢ indicaron que habfa
des de oellus un poco sobre explotadas v cinco subexplotadas, Las evaluaciones de
rendimiento fueron hechas para dos tamadios de malla corriente en fas nasas: 3.4 v 4.2 cn.,
de aperturs midxima,

Un andlisis del tamaio dptimo de malla para las dos especies sobre-eaplotadas y el nivel
esperado de rendimiento después de dicho aumento en la matla indico que, en términos de
rendimiento solamente, habria poco motivoe para aumentar el tamafio de la malla. Por otro
lado, una disminucion en 11 mally podris mejorar la captura de las especies sub-explotadas
de una manera significativa, pero resultarfa asi #n una captura de peces mas pequeios e
inmaduros. EI efecto de cambios en la malla sobre reclutamiento a las poblaciones fue un
factor dificil de evaluar,

Dada lo alta diversidad de peces capturadaos alrededor de arrecites de coral, variedad en
sus tamafos ¥ vulnerabilidad a la pesca en artes selectivos, como la nasa de alambre, parece
que es recomendable seguir pescando con mallas de diferentes tamanos y ccguian 1o dencidad
de nasas para evitar la sobre-explotacion del recurso,
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