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increase sedimentation of or!zanic 
arnd inorganic materials around tht: 
plants. 

both through the leaves ind the 
roots; it mayabsorbedbe that the ,trough the• 
rus !hvgh the T. !,. 

re eased throu,,h ere 
by returning phosphate from *",di-
ments to the water column ( .Ic 1!oy 
and Barsdate 1970). Nitrogen dlso 

is taken upl by the toots and trs 
forred to the leaves and into the 
medium (NMeRoy and1 (e~rin:.-

t974), 

In addition to these intricate ecolo-
gical functions, dried eelgrass 
leaves have been used by man as 
fuel, packing and upholstering ma-
terial, insulation, fodder, and fertil-
izer, but the manufacture andloce 
of eelgrass products have been local 
and intermittent, 

Temperate eelgrass
communities 

Eelgrass occurs throughout the 
Northern Hemisphere in temperate 
marine coastal waters and is very 
important to the trophic function 
and overall productivity of the 
coastal zone. On the Pacific coast 
eelgrass communities are found 
from Port Clarence, Alaska, to Agi-
opampo Lagoon, Mexico iPhillips 
1972); on the Atlantic coast eel-
grass extends from Greenland to 
Cape Fear, N.C. Zostirrz is abun-
dant along the English coastline. 
the Danish coastline, the Spanish 
coastline, along the northern Medi-
terranean coast into the Black Sea, 
in the Baltic and White Seas. and 
along much of the coastlines of the 
Yellow Sea and Sea of Japan. Den 
Hartog (1970) and Phillips (1972) 
have described the distribution of 
this species outside North America, 
and den Hartog noted that. al-
though eelgrass probably is the -est 
known of the marine angiosperms. 
there are only a small number of 
thorough studies on its ecology, 

Eelgrass tolerates for brief expo-
sures a wide range orsalinities and 
temperatures-from about 10-40 
%o (parts per thousand) and 
0-400C. Conditions conducive for 
growth and reproduction, however, 
are probably restricted to 10-30 %0 
and 10-20;C. The plant flowers 
only when the temperature is above 
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9-15'C, and seen germination is Thhzs.t,, range from t 'C 
2

,alinititi 
gC in", and annual %,,ali:esfor Znot.

opiim,,t sl of 4.5-9 %", (grfarns of carhun) per m to 3.1C0) 

t.\rasaki 1950; Phillips 1971). Ara-

gSaki, ho'.waver, noted that a .alinity era range from t.a ,.it 5 (i00g / n,
 
ra of 2.-31 %,) is optimal for 171). l ... ... ,tt ,,. :inPhhip-:n
, ta r;,th u • Feigrass in nal ordicthnn va uu, : 
, , a bup-ear tona rre 31lgdyw ~'mta)tn. All stud i;.- t,, dale dry 
: lbsorbed . .' .. I 1!,,hepIv.s_'rather > ohaia d, W a,h. n:ll jOs 

h a andr d r hri:nentai, intera,:tion:s of10-c.S g dory :n tor 
" ,enr.)erature and salini. ha've not 

cer eval,,at,"d. .ie man has 
urgested that there i.s a temper-

;Mir-salinit7 interaction for Thal-
' testudinun, a tropical sea-
tr:s commonly called turtle grass 

l-,e Fig. 2) iF-, work has Aho,.n 

that "lTh !o...,1 is able to tilerate 
low salinitie; at !ow.v environmental 
temperatures but is unable to with-
stand low salinities when water 
temperatures are high. This also 
may be true for Zostera and other 
seagrasses. The effect of photoper-
iod has not been determined in 
conjunction with temperature and 

salinity. 

The depth distribution of seagrass-
es depends upon a complex of in-
terrelated ecological considerations: 
depth, waves, currents, substrate, 
turbidity, and light penetration. 
Mean low water is a realistic effec-
tive upper limit for most seagrasses 
regardless of other factors, but the 
lower limit is probably e.itablished 
by a combination of minimum light 
intensity required for growth and 
presence of suitable substrate: 
seagrasses may grow at 20-310 me-
ters depth in clear water but be re-
stricted to depths of less than one 
meter wher6 wave action continual-
ly stirs up the bottom, producing 
high turbidity. Seagrasses can be 
found on many substrates, from 
coarse sand to almost liquid m:-, 
but the normal substrate is a r.x-
ture of mud and sand in which a 
reducing environment prevails be-
neath the oxidized sediment sur-
face. McRoy (1973) and Phillips 
(1974) have indicated that much 
more research is necessary on sub-
strates, since it appears that sea-
grasses condition the substrate and 
become an integral part of it. Alter-
ation of the substrate may render it 
unfit for continued colonizaton by 
seagrasses. 

Productivity of seagrass systems 
has been widely measured, espe-
cially that of Zustera marina and 
Thalkssia testudinutm communities. 
Values for annual production of 

Pond, a .I. ((,noer ;)
c(97' st ldies at Bleaufort,cent 

" 

o , 1 
t 
tS -

N C. 
(near the stoulhern edLge of ;o.st'r:s 
ringe on the Atlant:c coast), indi
cate mean annual pr'dXction of 
about .41:.',)40g(,mn- ,r lh,.t 
drv .. . I. il.o 

ciated xit h the Z,,,tcra in 
grass beds are ftal,'d: and .:o
carpus, which to-ethr ot ri, ite 
an additional 1,0 g0/m" annually
(Dillon 1971). 

Thus, on an areal basis, Jhala.,.a 
and Zostera beds are more pmoduc
tive than the world averages for 

cultivated corn (412 gC/i 2 ) or rice 
(.197 -C/mn2 ) or the U.S. average for 
hay fields (020 ,C/i1, 2 or tall-grass 
prairie (1-46 gC/rn2 ) (Odum 199). 
These seagrass production rates are 
higher, on an areal basis, than phy
toplankton production in upwe!ling 
areas off Peru (Ryther 1969), one of 
the most productive sea areas in 
the world. Seagrass production is 
supplemented in these cominmuni
ties, or in estuaries in general. by 
the production of benthic microal
gae, macroalgae, epiphytes, phi.to
plankton, and shore-based ve'.eta
tion:,uch assalt marsh. 

Peiersen (1918) recognized the ir
portance of eelgrass to ecosvtemn 
function over half a century ago, 
when he attempted to synthesize a 
model of the trophic relations of the 
Kattegat region of Denmark. His 
calculations were made from avail
able estimates of fisheries produc
tivity, gut content analyses, data 
on the occurrence of other orga
nisms, and, where necessar.. an as
sumed 10% relationship bet,.,'en 
standing crops of succeedin, tro
phic levels (see Fig. 3). The as
sumed conversion efficiency was 
not rigorously examined, nor were 
the standing crops of all species ac
tually measured, and, most impor
tant, secondary production of the 
lower trophic levels and primary 
productivity of the plant compo
nent (though discu.ssed and rocog
nized as significant) were either not 
measured or not employed in the 
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estimated that benthic microal,,;ie 
.. ..... -oracco o-t 6) .( ,' 2/'yr, or

onlv :1% of the total, \%',ih the per-
of 

-
on 

ten' contribution to (,he Wtal 
oth:- sources being onk hIt;tiy- t 
duced. We have no infiormnli ion 
organic production 'iv c"m, 
and the availability oflis.,,Ived 
gaic material. 

The detrital material 'hich is eX-
ported Dora the grass beds prob-
ably is significant to the Irophic
function of estuarine coinplexe-, 
Further, fishery o,,41 	 niris fromn 
this estuarine system itili:e in,,.t
of the primary prdu'tivity, based 
on best available estima:,,s of tro-
phic structure and efficiency P.B. 
Williams, unpubl.). By far the pre-
dominant trophic pathwav in this 
estuarine system is eelgrass (Iplus
algae and Spartina) -	 detritus (in. 
eluding its associated microbialcommunity) --- herbivores carni-
vores. 

b 
Environmental 
influences 
Despite the extensive studies on 
seagrass productivity and on the 
temporal and spatial variability in 
biological composition of seagrass
communities, little is known of the 
general principles of ecosystemfunction and the factors controlling
the "ecological success" of the com-
munity. As a result, subtle changes
which may be caused by human ac-
tivities generally pass 	unnoticed or 
are astribed to "natural variation," 

directly 

to fish 

eelr, indirectlyto fish
(24,CU.000 tone) - oh(3,C'3.0,) 

'"..e pe'-cies OI ii -,. th con-
or-

nind.,v ,r., changes, such--'s-
total de. Ir'letion of a bed, are de-
-:scribedfnin the Iite:ltur, Even)hen, 
directausal relar)Insh1ts Ire not
;I -1x .iyUt.i blishe I. 

L. i 
nilmilv, t,'ether with teiporal
and spatial variii Iof hionaSs, 
re der I :he.,, corn aunity it-
seif difficul to descibe. When this 
dynamic cominunitv is considered 
:,s an integral part of the lar-:er,
complex estuarine ecosvstem to 
Ih h it hbelo, it is not easy to 
design and carry(li ;aplin pro
gramins adequate t define the ef-
fects of man's activiies. Until re-
cently, the need for such elaborate 
ecological research was not recog-
nized. 

Of the several human activities 
which affect, or can be inferred toaffect, success of seagrass com-
munities in estuarine and coastal 
ecosystems, only a few have so farbeen documented as actually being

deleterious. In general, dredging
other1and other disturbances of the bot-
tom sediments or sedimentation 
rates can destroy several seagrass
species. Additions of toxic materi-
als have been sh1own to affect ani-
mal components of seagrass corn
munities but not the seagrass itself;thermal wastes have been shown toaffect both the animal components
and, in the case of Thalassia, the 
grass itself. Commercial fishing on 
seagrass bottoms, like dredging, 

ptants. Alrhoiugh caim*rcifil bar. 
vestint ,ft sea 'ra . i b',i, v an 
i11pomtr it 1u.,iwo iscsh:n , 
hai'vestin.g .;elerallv 're co'nc(lrv
,vith production ,A1,,t ldr,!*i;, tor 
,it h eft'ecs on thi'e r.'o;ircv. A!] the 
otentidi- dclrrer ,is ,,"- ,t.Ltorld i

rec tlv result frorm ,ir-cnitolled de
'eloinlent in the (castal zone to 
atisty t e incr[,: W, Weeds

expanding human ipopulation 
an internally perpetuatin, 
system original ievelopod 
radicallv different eolo'ical 
technol-ical c, n ra;nt s. 

,f an 
,%ith 

value 
under 

nd 

can disrupt the growth of the grasses diminished. [uring the tol

horbivores 	 halibut, floider,
 

and plaice (5,000) ,

2000) !. 

'S 'larger predatory ruiLc,.ea, tI 
ga.4rocds, etc. f50,000) 

All seagra:.-; beds appear to overlie 
anaerobic sedimerits. 	 Thu dretlg
ing not only increases suspended
material and accelerates Aedi'ient 
deposition but also ciuses changes
in the red(-,x potential 	ot the *;edi
ment.. Under these conditions eel. 
grass density may be 	 reduced considerably. It is not known whether 
the reduction is caused by direct 
smothering of the grass, by de
crease in available light due to in
creased turbidity, by a change in 
the redox potential of the surface 
sediment by rapid addition of oxi
dized materials, or by toxins re
leased from the suspended sedi
ments. 

Odum (1963) studied the ecologicaleffects of dredging on Thalassiaand
Diplanthera (Ilthoduh,) beds. Dr
ing dredging, light penetration was 
much reduced and the producti.ity
and chlorophyll content of the 

plankton (70.000) 
s'rrefih (25,Ml)'31Ma'-' C1h 10 .., sma fi'sh (IO,00O} 

iherring, etc. (7,000) 

duck3, hrdnt, gees etc. (5,000000)' 

J ..Cd 
.. 

. r
' Y 

Figure 3. In 1918 C. J. G. Peter;en etimat, fixd for larger forms are small herbivorus smalled the relationship amung standing crops of 	 tish, etc., which in torn ire utilized 
organisms supported by the eelgrass z:ysten 

animals eaten directly by the food fish quch by food fish such as cod. Tons nsre niiie-ITits halibut, flunder, and plaice; those used trio.in Demnirk. Herbivores 	 (Data from Peterenused directlY as iuiirectly are consumed 	
191.8 and Milne

by crustaceans, andMilne 	1951.) 
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lowing growing season, in areas not 
smothered by silt, however, plant
production and chlorophyll content 
were greater than during the pre-
dredging and dredging periods. The 
enhanced growth was attributed to 
redistribution of dredge spoil and, 
thus, possible increased availability 
of mineral nutrient,. 

Wood (1959) found that after re-
moval of Zostcra the bottom sedi-
ment. became oxidized. and recov-
ery of eelgrass was impaired. Odum 
(1963) noted that Thalassia was 
killed when buried bencath 30 cm 
of dredge spoil in Redfish Bay, 
Texas. Small Zostera areas cleared 
by hand. however, recovered corn-
pletely within one season (Marshall
and Lukas 1970). Briggs and 
O'Connor (1971) found that areas 
of Long Island Sound which had 

{ been used for deposition of dredge 
spoils lacked vegetation, especially
eelgrass, though it was abundant at 
nearby sites where the bottom was 
undisturbed. 

Clearing agricultural lands and 
channeling streams, thereby in-
creasing the rate of erosion and 
thus causing high inputs of sedi-
ment into estuaries and coastal 
areas, might have effects on eel-
grass similar to those noted for 
dredging. Stream diversion, on the 
other hand, w:uld decrease input of 
freshwater and su:,pended sedi-
ments, with the probable, net effect 
of increasing %%atcrclarity and pro-
meting upstreani penetration of sa-
line waters. This inight enhance the 
establishment of eilgrass over a 
wider area but, in other instances, 
might decrease the distribution of 
other species. For example. mana-
tee grass, .',;yrinLodiurn filiforn, is 
found in Anclhtc Anchorage. Fhbri-
da, only in area, where ,here are
significant . oaotinof fresh'water 
runiff. 

The potential deleterious effect of 
freshwater diversion lies not onlyv in 
dleceased salinitwc but also in the 
a cci, vin': minerallllpa d{.r.-ion cf 
nut rients--i-,it, plopa-
ru.;-- --usuallv i-',,duce.,d int' w-lu-aries in the rTshv. tcr riiiit'f. iri. 

lr~rly, str . Ih.rr, jt pro,;', ,"li

lnifte.-, ri loff /ihCdtli.rtcb' d(-'riags, 

retention o ".. ya~u blcet:*1'tl aad 
n,iineral 1t i, ,i1. .otih in the vgri-
cultural lands of the coa al zone 
and in tbe rc,cipiitl tunrie-

The addition of waste materials to 
estuarine ecosystems usually im-
pinges more directly upon the ani-
mal components than upon the pri-
mary producers. The effects of' per-
ticides and chlorinated hydrocar-
bon- (Risebrough 1971), heavy
metels (Merlini 1971), and petrole-
um hterivatives (Radcliffe and Mur-
phy 196"9) have been well docu-
mented for many types of marine 
organisms, but their direct effects 
on eelgrass or other seagrasses arc 
generally unknown. Studis Par-
ker (1962. 1966) have shown that 
sediments and Thclussia constitute 
the prime reservoir,, for isotopes 
added to the system and that there 
can be a rapid flux between these 
two system constituents. Likewise, 
dissolved copper is removed from 
the overlying water by either the 
sediment or Zostera (Barsdate, Ne-
bert. and McRov. in press). 

Other environmental 
disturbances 
Spillage of crude oil from ship traf-

that Thalassia production shows a 
strong temperature dependency be
tween 23-290C and declines rapidly 
above :30' and below 20'. Data col
lected by Set chell (1929) from Mt. 
Desert isle, Maine, suggest that 
5-170 is the normal temperature 
range for Zostera and that above 
20' it undergoes heat rigor. Dillon's 
studies (1971), however, indicate 
that near its southern boundary 
(Beaufort, N.C.) the upper temper
ature limit for Zostera is more 
nearlY 30 and that temperatures 
above Ihis are lethal to the plant. 
Thayer et a!. (in press) have indi
catvd that Zostera in the Newport 
River estuary near Beaufort began 
to die off when t.e temperature 
reached approximat,.Iv 28, in Au
gust. Thus, there are upper and 
lower tolerance limits beyond which 
seagrasses may be destroyed, and 
their thermal limits may differ be
t1%een north temperate and southtemperate regions. 

Discharges of heated water, though
 
not documented for Zostera, are 

fic in the English Channel was ira-known to destroy tropical seagrass 
plicated as the cause of widespread
reduction of c-elgrass in England in 
the early 1930s (Duncan 1933), but 
a direct causal relationship was not 
established. On the south coast of 
Puerto Rico, however, oil spillage 
was shown to produce lasting dam-
age to the tropical seagrass Thai-
assia (Diaz-Pilerrer 1962). The role 
of seagrasses or their detritus in ac- 
cumulating pesticides, lPC3s, heavy 
metals, or petroleunm derivatives 
and transferring these pollutant,,; to 
other, more sensitive trophic levels 
has not been inve-tirate, and lit-
erature showing other d0r'.ct effects 
on seagrasses (,01id not bebfound. 
Since eclgrass is capablt o," anaL ro-
bi,. resp(ir,Ititt (NI'1%" 19EJ ,. d 
rect e of or;'i.niOf' inunicipI
vii-t, . , . ,, L o i . 
d.,;) II \ ..:, 
tially. Hv'evc:, . Ihi.; L ,!ftiflj 
te plant can C!t,,tvhlt i,-

t.on, iSn Ii. 1 :vuI der 
th d,.cri.(.d 1 Iat71, r. 

ll:,a. ., s,e-

ag. ., 
may aci o,parv < i,t;ion 

Since iri'' -,S ' .. ',. : .,I: 

ra ,;l 1;:1 j.' .,
dacti., ,,i ",,, :: . ~,. 
ill pa . . I I!.;. 

beds. At Turkey Point, in Biscayne 
Bay, Fla., Thalassia disappeared 
seasonally from the immediate vi
cinity of tile thermal plume at the 
mouth of the discharge canal of the 
power station (Zieman 1970); there 
was also a loss of invertebrate 
fauna associated with the beds. Ko
lehtnainen. Martin, and Schroeder 
(in "jress) have recorded decreased 
biozaass of Thalassia in the area of 
the thermal plume issuing from a 
fossil-fuel power-geneating plant in 
Qua,.'anilla Bay, Puerto Rico. but 
were unable to detc rmint whether 
this decrease resu!ted from elevated 
temperatures or increased scouring. 
Phillips (1974) warns that heated 
water n <tdainto ecirass hahi

t t: ,,uld disrupjt the ruprodhictive
" 
,., a ,ci. of . " .' , . • ,Lr

f iI. e I icn ra 
tlre-citpenndtd i1 Tlr fli ow-
Criii: aud geriinat im. 

Ehc,'ts of ionizing radiation are un
a,':.'r. I~ck!Dvi radG 

. 1v not bun ink. t . 
,;,.,i , illtel n ,, r; i, 


'':pJ!:, t-,I r,'.::,.iiltb, f-


.c I- ' . 
. '.,''1,\,,.,,, I,,q ':,,,. I 0 , w 

:lb (, t i ,, I i it I i.i 

t n r . , ,.'.!,, (' i,,. I, t . 1 . , 'atiO 
critical efi-'. : *.o. r 1u !t;n .'i.'d A- t , ,,rYir. 'r, 1919 ". 
tr. (,,-tie',* . 0, a'. In, I.'i In'' t'' '•c''', .7i" o.:r;,[ 
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Figure 1. Left: Relation aiong -t.inding 
cropi and detritus in a 20.LWhJ square meter 
eelgrass bed in the Newport River estuary, 

taLes up radionuclides, but sea-
grasses accumulate radioisotopes 
only to low levels IPolikarpov 
1966), and the major role of sea-
grasses would be in conveying ra-
dioisotoipes to other organisms in
thc c3mmunity. A-ain, the eff-cien" 
cies of these food-chain transfers 
simply are not yet known, 

The activities of comnercial fisher-
men uj-in bottom trawls in the 
bays, sounds, and estuaries fre-
quently conflict with the s;uccess 1)f 
eelgrass and, consequently, of bav 
scallops. In Carolina,North wherL 
bay scallops -enerallv occur in con-

,ijunction with e;lrass, scallops aire 
Iusually harvested by bar dred,.,-s 
(25 kg mnaxinuin dredgv

/ and hand rakes. Both ie h,,, s up-
1 root the grass, but dredging d.es so 

over large areas. Not only is the 
grass uprooted but the bottom sedi-
ments a,'e stirred up. pronaoting ox-
idation of the sediments so that re-
colonization of Zostra.-and bay
scallops ---probably is in peded
(Thayer and Stuart 197-1. On the 
Pacific coast, eelgrass renders ovs-
ter harvest difficult in many areas 
and may promote s:edimentatitin !o -id..s 4' the Atlantic Ocean
the extent that oysters cannot sur-
'ive. 
In areas where oysters are of 
conmercial interest, therefore,,~ eel-~~ ~ 
grass is considered a pest that nii st 
be controlled (Thomas and Duffy 
1968). 

.
 - _ J.._ 
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Beaufort, N.C. Rig-,t: Standing crops of ani-
mals ill the eelgrass bed. PLints and de-
tritus are in dry vteights; animals in ash-free 

are made less attractive by the 
presence of a high-tide drift row of 
decaying grass, and water-skiing or 
swimming is unplea -ant over the 
soft, muddy soedlntentarv bottoms 
characteristic of seagtrass beds. The
notion still prevails that the grass 
will pull pcople under. Fishermen, 
however, are cognizant of the ira-
portance of these ,grass heds for 
crustaceans, molluscs, and fishes. 
Numerous investigators have shown 
that seagrass beds generally have a 
denser faunal community t has ad-
jacent unvegetated r)ottoins. To 
thoe who view naturalness as an
 
ideal state, seagrass ineailow have 

a distinct esthetic calue 
 attested 

,)b. birdWatchers and photogr.i-


peu~hthers---but this appreciation is cur-
ul 
rent ly enjoyed by only a small mi-
nority. 

Consequences of seagrass
destruction 

The ecological consequences of 
steagrass destruction have been ex-
.ensively documented during and 
since the sudden and drastic de-
-ine of eelgrs stocks ,n both 

du.'ing 
the l.t)...Alog most arjas, it the 
U7.S . co:ast 99--lt,,'){ of the . inh nT;destruction of naturil vegt atin~ •~ Ns o(At wi re ,de-orove, n that pri ,- tu~ and cover."de,,,.o elgr&, -,w t a m ''ie.boh foo ,~ ,v r 
one year (M (,fitt and Cottmi 
19-11,). This disturbance was cha r- '',aYlor and Salomnan (W133) e.,tiac'erized as 'wasting disease',, mated that the dch.,truction of 1,100 

:/ r,Clc r ,oinve r to rt n 

~/I '37 ./n 

dry weight. (Data from Thayer et ai., in 
press.) 

microbes, epiphytes, or epifauna), 
sediment stabilization, and protec
tion afforded by the grass blades 
themselves. Perhaps the best docu
mentation is in the literature on 
the sequence oftevenits near Woo(lA
Hole, .\lass. (Alie 1921; Dexte 
195). .As the eelrass declined,' 
most of the animal species charac
terisic of the community disap
peared. Many years later, when eel
grass became reestablisheid in limit
ed treas, the entire cant munyit 
re:ippeared, but only in those areas 
where eelgrass was foundt. 

Man's (lstruction of'grass beds has 
often ha siinilar telf,.'tis,. Flemer et 
al. (1967 1rl)e 7i reduction na 7. 
airage nhuiiier of itrganism in a 
Chesa peake Bay .p.,l area alter 
dredging cT,.;d,. 'he area was soon 
repop ulated by 'Sob'uze iridis (green 
razor-shell clams), but thereafter 
poplat ion changes were erratic 
and total benthic hiomass declined. 
Brigs and O'Comnir (1971) noted 
that the ,liversity and densit v (f
species of i ish generally decrease 
wh,,n vegetited areas are covered 
by dtrde ,,oil. Thev firther 
pointed wut that some .liecies iay 
be entirely eliminated 5si result ,,f 

(Izenn 19 ), but its direct au.eEsthetics are difficult to relate isto still subject to question. The de-other human activities or to the cline of fauna dependent ip)I n Zo.s-
value of the sea,,rass community. prr was j6 1 i re id, fron
Water-oriented recreation, with tle Iep ifauna and infatini a fishes andexception of recreational fishing, t]waterfowl tPhillips 1974). The.se or-however, is relatively incompatible Iganisms "re dependent on Zstcra
with seagrass. Swiriming beaches for food (detritus and its associated 

ton nes (metric tons) of seagras.
primarily Thalezosia. by burial ,nd(
removal during dredging of IHo-t 
Ci(':t 11,., Fla.. resulted in the ill. 
tiediate loss ot app ro: imattely I 
tonnes of' ilifaIina. lhey *l -0 ,,sti
mated that at least '8 tonnes itf 
fishery products and 1, PM) tonies of 
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Figure 5. Left: Relation among standing 
crops (in terms of carbon) of organisms in the 
400 square kilometer estuarine system 

macroinvertebrate infauna were 
lost annually as a result of the 

s dredging. This estimated loss 
fishery production was based 

of 
on 

standing crops of fishes collected in 
sr Texas grass beds, fish productionestimates for Gulf coast estuaries, 

and the assumption that thesevalues were representative for fishes 

utilizing grass beds in Boca Ciega
Bay; macroinvertebrate production 
estimates were based on biomass 
data for the bay and an assumed 
invertebrate-production-to-biomass 
ratio of four. 

Thus, the basic direct value of 
seagrass to its community is well
established, and the potential value 
to top carnivores in the estuarine
ecosystem can be estimated. These' 
estimates must be put in a broade 
context, however, to enable propey difficult to evaluate the utilization

Ievaluation of the real benefits o 
seagrasses to the estuarine ecosy-
tern. \e must consider the propor
tionate role of seagrasses in the en , 
ergetic scheme of all estuarine and'

gcoastal p ductiity, upon which 
most of the fishery organisms used 
coata prIciiv upnwic-pr--b man depend during some stage 
oft heir development. 

In the area of Beaufort, productivi-
ty of eelgrass, phyloplankton, and 
cordgrass (Spartina alterniflor) 
has been evaluated; preliminair" es;. 
tinites of standing crop on a sea-
sonal basis are availhble for benthic 

, nfltcroinvertebr.ltes, zooplankton. 
* &nd fish; and anihua! comnicrcial 

yields of fish and shellfish arc avail-
able (see Fig. 5). 

A Iprelirdnary synthesis of the i ropli-

._ ..c structure- (R.,-3. illiams. un-

' 

.... phytoplankton 

0.1 gClm" 

near Beaufort, N.C. (Data from R. B. 
Williams, unpubl.) Right: Organ;c production
(in terms of carbon) by the major plants in 

publ.) suggests that a mean eculog-
ical efficiency of about 20% is re-
quired from the calculated sources 
of primary production to the annu-
al production of fishery species in 
the Beaufort estuarine system-that is, an average of 20(/ of the 

material consumed at each trophiclevel is converted to tissue by the 

consumer organism. Respiration 
may account for about 75% of the 
assimilated energy for herbivores 
and detrital-feeding invertebrates 
(Teal 1962) and about 90% for fish. 
es (Mann 1965; Adams 1974). Since 
assimilation ' may range from 
20-60% of consumption for inverte-
brates (Miller and Mann 1973) and
is abouL.807% for fishes (M-a 

Sproduc .1965), most of tie primary produc-tion is ultimately channeled into 
organisms used by man. While it is 

of different sources of primary pro-
duction separately, the combined 
sources appear related directly to
the fishery output of this estuarine 
system ...... 
The relative contrihul ions of sea-

grnss would obvius]' vary t)etWee 
systems and species of s,.agrass, hul cn al p!uhi.i'h.ffet, 
the magnitude of \Villiams's esti-
mate (64 of total producti\itv) 
suggests the importance of eelgrass 
to the total est uarine ecosystem. 
Synergism further a.niplifies the 
role of' os 'rra" loss of the. s(eagr .; 1' 
results in increased turbidity which 
decreases thi. produc:\vit\v n,)t ,m1Y 
of remaining /ostrt,' hut 1k (of 
phstol)h nkt on and lhtntihic 
On the other hand. redistribution 
of hottorn sedim ents niay enlil lic(productivity b. increasing 

{ihility of miner ntrient- . The(ifi . .. nu* 

I? 


"/ ."-"-

Jhlvtopltmkton \ 

53 C/in/yr . 

the estuarine system. (Data from Williams 
1973.) 

relative effects of these processes
 
cannot now be quantified, but they
 
should be considered carefully in
 
developing priorities for man's ulti..
 
mate use ofthe coastal zone. 
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Chapter 7. THE STRUCTIRE OF THE %UCLEIS OF THE ATOM -ins
 

"^'hat"" exclaimed Rcger, as -aren rolled over on the bed and reoted her my' 
warm boly aguinat hia. "I kncv some nuciei are 3pheri..sl and ac.e are , ('oil
ellipsoila2, but 'here dil you find cut that scne fluctuate in between?" t .-MvI 

Karen ;ursed her lipo. "They've been obaerved with a 5hort-wavelength Unt 
probe . . tr 
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