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Ingestion of detritus by the lagoon pelagic community at Eniwetok Atoll 

Ray P. Gerber and Nelson Marshall 
Graduate School of Oceanography, University of Rhode Island, Kingston 02881 

Abstract 
The gut contents of Undinula vulgaris (a calanoid copepod) collected from Eniwetok 

lagoon consisted of about 95% detritus with only 2% of the gut material fluorescing as 
chlorophyll. That of Oikopletura longicaudata (a larvacean) consisted of about 89% detritus 
with only 6% fluorescing as chlorophyll. By contrast, the git contents of the calanoid 
copepod, Acartia tonsa, from Narragansett Bay, l16c"Ie !sland, consisted of .oout 31% 
detritus with 36% of the gut material fluorescing as chlorophyll. The remaining matrial 
in the gut of all these org-:nisns included various microorganisms and diatom frustlt-s. 

Plankton-feeding fishes froim behind a reef and island were found to have eonsumiijed
'.)th zoopla.kton and detrital algal fragments. 

... : n r.. ,atc carbon and nitrogen in the lagoon, which had a lowerI of 
C:N ratio than toij.;-i . the incoming oceanic water, indicated that reef dutritos ii Iiclhes 

the lagoon environment. 

Little is known of the productivity and 
of the food chains in lagoon waters be-
hind coral reefs. Extremely low primary 
production in typical coral atoll lagoons is 
indicated by low chlorophyll values, by ap-
proximations of phytoplankton ab-.udance, 
and by data on 4C uptake (e.g. Johnson 
1954; Gilmartin 1958; Jeffrey 1968; Michel 
1969). Recently, various workers have been 
stressing the potential of organic matter 
exported from the reef as an additional 
primary food source available in lagoons. 
Reef export studies (e.g. Marshall 1965; 
Klim 1969; Qasim and Sankaranaravanan 
1970; and our work in progress) indicate 
an abundance of particulate organic mat-
ter in the form of benthic algal fragments, 
fecal pellets, coral mucus, and aggregated 
organic matter flowing into the lagoon. 
Such export might support the zooplankton 
concentrations known to be consistently 
higher in lagoons than in the surrounding 
oceanic waters (e.g. Russell 1934; Motoda 
1938). Furthermore our own umderwater 
observations, supported by those of Johan-
nes and Randall (personal communications) 
on the feeding habits of certain plankton-
feeding fishes, suggested that reef detritus 
wvas being consumed in addition to zoo-
plankton. 

No one has tested the suggestion that 
organic export from the reef is consumed 
by the basic consumer populations in the 

lagoons. To provide evidence on this mat­
ter, we have analyzed the stomach contents 
of two zooplankters collected from lagoon 
stations: a tropical filter-feeding calanoid 
copepod, UidimtdaI rtularis,predominately 
neritic and a lagoon form in these environ­
ments (Johnson 1954; El.C. Jones personal 
communication), and the larvacean, Oiko­
pleutra lon,-icaudata. Also, several species 
of plankton-feeding fishes from selected 
patch reef or coral knoll stations were col­
lected for gut analysis. For comparison. 
gut analyses were performed ou the typi­
call\, neritic copepod. Acartia totim. from 
Narragansett Bay, Rhode Island. a produic­
tive temperat' area. 

The relative abundance in the lagoon of 
reef-derived algal fragmn ts, total particn­
late carbon and nitrogen, and chlorophyll 
were analyzed to deterline the relation­
ship between stomach Contents and food 
available from the same stations. 

We are especially indebted to P. llelf­
rich for his cooperation and support at 
Eniwetok and to J. E. Randall for his 
assistance in collecting the fishes. We 
would also like to thank MI. E.Q. Pilson, 
T. A. Napora, S. V. Smith, and .M.Fine 
for critical reading of the manuscript. 

Materials mil methods
 
Four stations wvere sampled (Fig. 1) at 

Eniwvetok Atoll, Marshall Islands, from 31 

LIMNOLOCY AN1) OCEANOGRAPIIY 815 SLProTsMBER 1974, V. 19(5) 
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confined to samples from stations 2 and 
3. Plankton samples used for gut analysis 
were preserved in 5% glutaraldehyde in 

seawater, kept o, ice and in the dark as 
recomrnended by the National Research 

Committee on Oceanography 
(1969). Acartia tonsa from Narragansett 
Bay were collected and treated in the same 
nanner. 

The entire stomach contents of 0. mgi­

caudata and only the foregut materi .1 of 
the copepods were analyzed. Only sp.eci­

(4 1mens vith full or nearly full stomachs wopr 
p31( IS. 

0-20 


Fig. 1. Locations of sampling stations (sho-wn 

in parentheses) at Eniwetok Atoll, Mashall is-
lands. Stippled areas indicate islands; clear out-
lined areas indicate reef tracts. 

1972. Sta-December 1971 to 8 February 
tionI 1 was located along an interisland reef 

in the zone of larger coral heads about 200 

in behind the reef crest. This station Nv-,Ls 
about 8 i deep and characterized 1y a 

flow of watercontinuous unidirectional 
from in front of the reef, created by the 

leavy surf breaking across the reef crest. 

Station 2 was located about 8-10 kim north-
wes.: of Eniwetok Island well into the la-
goon, in about 50 ni of water. Station 3 
was in the southeastcrn pass, or deep clian-
nei, with an average depth of 31 m. A pin-
nacle reef or knoll on the northern side of 

this pass, harboring many:, planktonm-eedi n'g 

fishes, served as a collection source for 
these forms. Water from outside the atoll 

enters the lagoon via this pass. Statiom 4 

was sitiiated in about 6 m of water in 

scattered patch reefs about 2(X) m on the 

lagoon side of Eniwetok Island. 
Plankton was collected with a 0.5-in No. 

6 nylon plankton net (mesh 0.239 mm), 

having an internally mounted flowmeter, 
by oblique tows made from about 30 in in 
the deeper water and 4 in in shallow areas. 
Sinee the shallow stations, 1 and 4, were 
largely devoid of U. vulgaris and 0. logi-

caudata, zooplankton gut analyses were 

used. After a given specimen was teased 

apart, the various components of the gut 
contents were identified and measured un­

der a microscope with an ocular microm­

eter. Then, wvith flh rescence microscopy 
(Wood 1962) and a Whipple micrometer 
disk, the percent by area of fluorescing 
(red and green) material was determined 

for the contents of each gut. The tech­

nique of quantifying the contents 1 area, 
a the rela­as flattened on slide, irdicates 

tive amounts of the various food parti­
cles ingested and potentially available for 
assimilation. 

Spear-fishing, rotenone poisoning, and 

netting were used to collect the plankton­
feeding fishes, which were also preserved 
in 5% gluteraldehyde and kept on ice and 
in the dark. Components of the gut ma­
terial were identified under a dissecting 
microscope and their settled volume esti­
mated with a small graduated cylinder. 

Total particulate carbon was determined 
by filtering 9-10 liters of seawater through 

a pad of two Gelmnan type A glass-fiber fil­

ters, precombusted at 450'C for 3 hr. The 

filters were stored under vacuum desic­

cation and, using a CHN analyzer, coin­

busted at 725'C, at which temperature 
carbonate interference is minimal (Telek 

and Marshall 1974). The top filter was 

assumed to collect both particulate and 
adsorbed organic matter whereas the lower 
was assumed to collect only adsorbed, and 
its value was deducted to give a corrected 
particulate value. 

Chlorophyll a and total pheo-pigments 
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Table I. Results of the zogilanktot got analyses, extpressed as 
content area. (+_)95% confidence limits of the mean are shown 
guts; otherwise, only the mean and the number of organisms (in 

8D1 

the percent by area of thw total gut 
ilhen the item occurred in all the 

parenthes,s) in which the item oc­
curred are shown. Underscoring of adjacent means indicates no significant djcrence at the 9.5', level 
(Duncan's new multile range test: Steel and Torric 1960). 

Amorphic, non-f luor. 


Granular, non-fluor. 


Large cells 


Small cells 


Microflag. 


Diatoms/frag. 


Radiolaria/frag. 


Red fluor. 


Green fluor. 


U. vuzgar.b U. vulgaris C. Zcrgicaztata 

Midlagoon Deep channel Pidlagorn 
Sta 2 Sta 3 Sta 2 F-values* 
N=35 N-23 ;=2, 

2.56-0.12 2.66±0.11 7.17-0.49 

91.8±1.7 85.5±8.6 85.0_0.2 7.74 

4.8±1.2 2.6-0.5 3.9-0.8 3.23 

1.5 (8) 1.8 (5) 1.8±0.4 

1.0 (12) 1.2 (5) r -4n 1 

0.5 (3) 0.5 (4) 1.0±0.2 

0.5 (6) 0.5 (4) 0.7 (13) 

2.4 (18) 10.5 (9) -

1.3±0.3 1.9-0.8 6.3t 1.2 58.21 

0.9 (13) 1.8 (II) 1.2 (16) 

tonsa 

.arr. bay,F.l. 

-2 
1.4c00.03
 

33.5±8.8
 

1.0 (3)
 

1.0 (13)
 

36.0t5.0
 

30.5±5.4
 

Original ddta were transformed to ARCSIH functions for analysis -f variance and range test
 

(Snedeccr and Cochran 1967).
 

were determined by filtering 3-4 liters of 
seawater onto IIA Millipore filters of 0.45-
/i pore diameter. The filters were stored 
frozen and late- analyzed by the method 
of Strickland and Parsons (196S). 

Results 

The results of the zooplankton analyses 
are summarized in Table 1. These lata 
show a predominance of the nonfluorescing 
amorphie material in the guts of specimens 
from Eniwetok. This material appeared as 
a conglomerate of undifferentiated parti-
cles lacking observable structural renmants 
of tissues or cells. Under white light it 

was mostly translucent and varied from 

light to very dark brown. Even the gut 

contents of A. tonsa from Narragansett Hay 

contained a substantial amount of this 

amnorphic material. A small undetermmed 
amount of clear mucus, perhaps secreted 

by the gut lining, was occasionally noted. 

Nonfluorcscing granular material, occur-

ring only in the Eniwetok specimens, did 

not appear to be the remains of skeletal 

fragments of microorganisms since the in-

dividual graniles were smooth, irr'.gilar 
iii size and shape, and lacked surlace fea­
tures such as pits or grooves characteristic 
of skeletal fragments. Some may have heen 
small bits of calcium carbonate sucli as 
Johannes (1967) observed in the mucus 
floes streaming off corals at Eniwetok. 

Generally. large nonflorescing cells 

(12.r. -28.0 [t)without skeletal structure 
consfitu'"d < 2o, of the gut area. Only in 

0. I )gicf. "Ioatadid they occur regularly. 
Micr copil "::aminations of these cells 
sugge.' , some, at least. may be dino­
flagell" and protozoans. 

The i,,t contents of U. uni.aris vi:l. 
tonsa were largely 'void of small naked 

nonfluorescing celk (q..0-10.0 /1) and mi­

croflagellates, yet they occurred in almost 

every 0. 1hn,,icaudata gilt analyzed. In 

the case of the Emvetok specimens, these 

small cells were primarily coccolithophores, 
and perhaps some bacteria. 

Though these forkgoing cell tvyes (lid 

not fluoresce red, it is possible that some 
had contained chlorophyll which was de­

composed in the gut. 

http:1.4c00.03
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More than half of the 0. longicaudata of Chromis caeruleus, Dascyllts rcticula. 
and less than a fifth of the U. vulgaris from tus, and Dasmtlqus aruarms from the near-
Eniwetok contained pennate diatoms but, reef station 1 and the near-island station 4 
by area, these amounted to less than 1%of were not significantly different (P > 0.45, 
the gut contents in which they occurred. "Student's" t-test). Except for Poinacentrus 
The gut contents of A. tonsa from Narra- vaimli, the quantity of algal fragments in 
gansett Bay, on the other hand, included, the guts of fishes from the coral knoll at 
by area, about 36% diatom frustules and station 3 was exceedingly small. 
fragments of Skeletoneui sp., Rhizosolenia The abundance of calanoid and cvclo­
sp., and Thalassiosira sp. poid copepods and decapod larvae was 

Radiolarian spines and body fragments greatest in the guts of fishes from statin 
occurred in the gut contents of about half 1 and over the knoll at station 3. and low­
the U. vulgaris, yet none was obser'ed in est at station 4; the reverse wvas true for 
gut contents of 0. longicaudata. harpacticoid copepods. This trend iimay re-

The amount of red fluorescence (which fleet the influx into the lagoon of u'eanic 
may include detrital chlorophyll) in the water, which contains many more dalanoids 
gut contents of the Eniwetok specimens and cyclopoids than harpacticoids. Ostra­
was very low compared to the amount cods, gastropod larvae, pnlvclan ' larvae, 
in A. tonsa from Narragansett Bay. The fish larvae, and larvaceams occurred infre­
size range of tile red fluorescing particles, quently and ol\, in the guts of fishes from 
which may include individual chloroplasts stations 1 and .3. The greatest abundance 
in addition to nannoplankton and srmall di- of fish eggs was found in the guts of fishes 
atoms, was 5.0-25.0 1i in diameter inl U. from station 3, with little obvious differ­
vulgaris and 2.5-25.0 /tt in 0. hmgicaua'ta. ences between stations 1 ain( 4. Some fish 

The red fluorescing particles in A. tonsa contained fairly long coiled "round worms" 

were not measured. in their gut, wlich appeared to be parasitic 

Green fluorescing cells from 7.5-30.0 ji rather than planktonic. 

in diameter occurred in at least a tlhird of In addition to those listed in Table 2, 

the guts of U. vularis and in more than gut analyses were prformed on the fol­

half of the 0. onzicaudata. The exact na- loNVing plankton-feeding fishes: Cuesio 

ture of these cells was not determined: caertle'lreCLx. Caesio sp., PI'teOC(,'SiO tilt, 

however, small (2-10 /1) green fluorescing Pterocaesio marri, Airolarichithls iiuka, 

naked flagellates were observed b\ Pome- Amblyly.z/phidon curacae. Chrominis lerfla­
t'osis. Chmmis ailis. Chrolmis atripecto­roy and Johannes (1968) in the Gulf Stream 

and Sargasso Sea. They suggest that these ralis. C/ron i h'pidoeptris, Chromis sp., 
cells are autotrophic and that some acces- Cirrhilabrus sp., Pseudocoris sp.. and fain­

sory pigment masks the red fluorescence ilv lBranchiostegidae (two species). The gtt 

of chlorophyll. No green fluorescing cells contents of these fishes consisted almost 

were found in the gut contents of A. tonsa exclusively of' zooplankt(0: no reef detritus 

from Narragansett Bay. was found. 

Table 2 summarizes the results of the Underwater observations behind the reef 

gut analyses on plankton-feeding fishes, at station I indicated a greater ahundance 

This table indicates that, in addition to of algal fragments than at the near-island 

their diet of zooplankton, the fish are in- station 4. l)av net-plankton samples con­

gesting a substantial amount of detrital firmed this observat on (Table 3) and 

algal fragments. These algal fragments showed that remnants of Cahuthrix spp.. 

were readily distinguishable .filamentous Asparagopsis taxiformis, and Dictyota spp. 

types, varyiny in size from a few cells to made up the bulk of the samples, the 

large fragments about a centimeter long. zooplankton biomass (wet weight) being 

The amount of algal fragments in the gut negligible. 
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Table 3. The average biomass of net plankton tion 3. The ratio of particulate carbon to 
in Ing In (wet weight). Number of samples in nitrogen increased from station 1 to sta­
p)arentheses. 

Sta I
Near 

stea 4 
Near 

Sta 2 
Mi aon 

sta 
Deep 

reef island 
($1) (2) (8) 

channel 
(3) 

Algal frag. 23.5 15.5 -0- -0-
Zooplankton 5.5 2.0 239.4 39.6 

At the midlagoon station 2 and in the 
deep-channel station 3, algal fragments 
were not seen in indenater observations 
nor were any taken in plankton nets. These 
day samples consisted exclusively of zoo-
plankton, of wvhicl there was more in the 
Inidgoonl than inl thle incoming oceantic~ 

watcr and the shallow areas behind the 
recf and island, 

The(data for particulate organic carbonk 
(POC) and particnlate organic nitrogen 
RON) are summarized in Table 4 and 
treated statisticall, in Table 5. The con-
eentration of POC at the near-reef station 
1 was significantly higher than the deep-
chaii l station 3. and the concentration of 
P()N at station 1 was significantly higher 
than at the midlagoon station 2 and sta-

tion 3. 

Table 6 indicates extremely low values
for chlorophyll a and p!,eo-pigment at all 

stations at Eniwetok Atoll. Tlc mean and 
95% confidence limits of the combined ]a­

goon chlorophyll a and total pheo-pigment
samples are 0.10 ± 0.03 and 0.09 ± 0.06 mg 

1 :1respectively. 

Discussion
 

Zooplankton nutrition 
Eniwetok Atoll is located in the southern 

half of the North Equatorial Current in 

an unproductiv'e oceanic area (Taniguchi 
1972). Prodhiction in Eniwetok Lagoon 
and the North Equatorial Current is corn­
pared in Table 7. The slightly higher 
concentration of chlorophyll a and produc­
tivit' in the lagoon than in the surrounding 
waters may largely reflect the input of reef 
algal detritus into the lagoon. Dissolved 
nutrients further indicate a minimal phyto­
plankton food base. Phosphate concentra­
tions in the lagoon are similar to those in 
the North Equatorial Current and the ni-

Tabl' .1. A 'oiilwarison of the concentrations and ratios of Iarticulate organic carbton and Iitrogen 
in :g In 1. 5)5, confidcncc limits of the nican shown at bottom of table along with the mean C:N 
ratio. Statjolv I and 2 sampled apnoximately ecery 2 days; station 3 samphl'd when weather permitted. 

Jtj I - Near reef Sta 2 - Midlagoon Sta 3 - Deep channel 

1972 Crtrt;rn N i trogen C:t1 Carbon Nitrogen C:11 Carbon Nitrogen C:N 

I 0.6 2.2 9:1 25.3 2.9 9:1 - - ­
2 21.0 3.3 6"1 28.4 2.3 12:1 16.1 1.5 11:1
 
4 17.9 2.3 8:1 22.7 2.1 11:1 - - ­
6 38.3 5.1 7:1 11.7 1.5 8:1 22.1 2.0 11:1 
8 20.o 2.4 9:1 11.1 1.8 6:1 - - ­

10 18.3 2.4 8:1 15.8 1.9 8:1 - - ­
13 27.3 2.6 10:1 15.9 1.9 8:1 15.4 1.2 13:1 
15 24.6 3.8 7:1 14.9 1.7 9:1 11.4 1.0 11:1 
23 19.9 2.3 9:1 22.0 2.7 8:1 - - ­
25 30.3 3.0 10:1 24.3 2.1 12:1 - - ­
28 26.3 3.2 8:1 22.9 2.5 9:1 17.8 1.5 12:1 
29 34.4 3.2 11:1 28.1 2.3 12:1 - - ­
31 35.0 4.7 7:1 22.1 1.8 12:1 - - ­

25.75 3.12 8:1 20.40 2.11 10:1 16.56 1.44 12:1
 

t4.15 ±0.56 ±3.54 ±0.25 ±4.82 ±0.47
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Table 5. Statistical analysis of the particulate 
organic carbon (POC) and particulate organic ni-
trogen (PON) data in ing i - '. Underscoredadia-
cent means = no significant difference at 95% 
level (Duncan's new multiple range test: Steel and 
Torrie 1960). 

Sta I 

Near 

reef 


POC 25.75 


PON 3.12 


Sta 2 Sta 3 *F-values 

Midlagoon Deep from 
channel ANOVA ______________________________ 

20.40 16.56 4.89 

2.11 1.44 9.50 

Degrees of freedom - 28.
 

trate values recorded are less inside the 
atoll thanl in tile o 

IHardy and Gunther (1935) suggested 
that radiolarians and foraminifera, which 
harbor symbiotic algae, assume the role of 
phytoplankton as primary producers and 
food for zooplankton in tropical occans. 
This suggestion does not seem to apply 
to Eniwetok Lagoon where radiolarians, 
though the most abundant "photosynthetic" 
organisms found in the plankton samples, 

re
rarely occurred Iii the guts of 7. culgaris 
ad not at all in 0. longicaudata. The 
lagoon zooplankton, however, which con-
sists of increased concentrations of oceanic 
forms as well as endemic types and larvae 
of reef fauna, is much richer than in the 
North Equatorial Current. The lagoon zoo-
plankton nmst thus depend on some food 
source in addition to phytoplankton, and, 
as noted at the outset, the suggested source 
is reef detritus. This alternate food soirce 

Table 7. Average values of paraumeters relatingto 
North E:quatorial Current. 

Area 


Eniwetok Lagoon+ 


North Equatorial C* 


*Wet weights.
 

Chi a Phytopl . 
(mg m- 3) (coll m- 3 )  

3
0.10 l.4xlO
 
0.23
 

5
0.06 3.7xi0
 

Table 6. The concentrations of chlorophyll a 
-and total pheovigments in mg n '. Stations 1 and 

2 were samilled weekly; station 3 when weather 
1wrmitted. 

Sta I 

Jan Near reef 

1972
 
Chi a rec. 

2 0.172 I.;1 
8 0.055 0.31l 

13 0.020 0.1 3A 

23 0.144 0.021 


_ 

t 2 
.idIagocn 

chi a Theo. 

0.023 0.260 
".1!! 0.174 
.0K" 0.035 
.1 15 3.003 

is reflected in the highr levels 

It.
 
Peep channel 

Chl a Prieo.
 

O.O13C 0.040
 

0. 135 0.034
 
-

of particu­

late organic carbon and nitrogen behind 
the reef and in the lagoon than in the 
incoming clanic water. Typically, open 
ouem ale a rticwate oric carnt ­about mtgboa average 1I ie (unpub­

lished data), less tha alfMthat foud in 
the lagoon. 

The low arbn. -to-itroen ratio of the 
Thel artic:lateoen rate if the 

lay 1 x'l el p rticula e onceat in te 
lagoo also supports the concept of reef 
export as an alternate food source. Johan­
nes et al. (1972) found that the C: N ra­
tio of the suspended particulates changed 
from 15:1 in oceanic waters to 7:1 in the 
downstream 1(end the reef tranisect,of thev 
concluded that nitrogen fixation imnist be 
occurring at a high rate. 

Recently Johannes (personal coninmuiii­
cation) has indicated that the blue-green 
algae Calothrix, remnants of which were 
alldant in our plankton samples behidl 
the reef, is the major nitrogen fixer on the 
windward reefs. Ile believes it is a major 

Jrinary prodiuction for EIniwetlok Lagoon and th, 

Producziion Zoopl .* P04-P NO3-N
 
3 hr - I ) - 3 ) (ri C m_ (rig m3) (m atom m

0.57 239 0.13 0.17
 

0.13 9 0.12 0.41
 

+Flrst Chi a value and zooplankton wet weight, this study; second Chi a value and production,
 
Doty and Capurro 1961; phytoplankton cells, Johnson 1954; P04-P value, Pilson and Betzer
 
1973; N03-N value, Johannes et al. 1972.
 

tFrom Taniguchi 1972.
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contributer, directly and through the food tion would, theoretically, be at a maximumchain, to lowered C: N ratios in the lagoon. (Riley 1963).We too found a low C: N ratio, and a The semiclosed circulation patternsratio of 8:1 at the near-reef station 1. A 
of

atoll lagoons, as interpreted from vonratio of 12:1 for the deep-channel station (1948), 
Arx 

help retain endemic faina includ­3 is evidence that nitrogen enrichment af- ing various larvae as well as oceanic zoo­feits te waters of the reef passes as well plankton swept1 into the lagoon (Johnsonas those behind '-e ,eef proper. This may 1954). The steady input toexplain Nvi;;v, the lagoon ofiound no significant differ- enriched particulate organic matter fromences between the concentrations of POC the surrounding reefs, and to a much lesserand PON for stations 2 and 3. The midla-
goon C: N ratio at station 2 is about halt-
way between tile ratios at stations I and 3,
perhaps due to mixing of the latter twosources or to a conversion of some of this 
detrital nitrogen to animal protei nd x-
creta by llystmaleorga gismts.

Finally, glt analyses suiggst that cetri-
tus is the most important food component
of the lagoon zoopankton. Detrital mate-
rial in the gut contents of the Eniwctok 
specimens may be composed partly of reef 
particulate or'ganic, matter
range of fr'om a widep ssible sources, such as decom-
matter, which algal the of thleposed benthic formn fragnients1)1lk reefand fecal 

derwhic foarm hebulkand tCeref 
ress)orit oforal mua loes asu Gee ' press), o)ro)f
coral mucts floes as su-ested 

inlJohannes (1967).
of particulate organic Itmay even consistmatter produced i 
the pelagic enirnmemt itself: fecal mat-
ter, or aggregated organic matter formed 
by mechanical andIl microlal processes 
or ;acterioplakton (Baylor and Sutcliffe
1963 Sielurtl 1968: liSado 1970; Sorokinl 
1971). 

Detritus is an important food source for
pelagic zooplanktonocean. in other areas of theDetritus feeding is wvell do)cuumented 
forca. de-is 
foresding aireas ntei-for dep-eaformis and also occursois epipelagic oel ocn i tieareasil thle 
tropical Pacific (Geinikh 1958: Pomneroy
and Johannes 19S: Arashkevich and Timo-

Our work suggests that detritis is also 

utilized by 
A. tonsa ill a productive tem-
perate zone estuary. It should be added
that these copepods were collected in early
November, when the phytoplankton stand-
ing crop was minimal (Smayda personal
communication) and when detritus utiliza-

extent from the ocean, seems formto the 
basis of this pelagic food web. 

Plankton-feeding fishes

We have demonstrated 
 that certain 

plankton-feeding fishes in reef areas con­
sume suspended algal fragments in addi­
tion to zooplankton and show a diverrified 
feeding habit that reflects their locality at 
the time of capture. For ex:mple, algal
fragments were not recorded in the gut of 
C.caeruleus from stations 1 and 4 by lHiatt 
and Strasburg (1960). The precise locationof their collection is not given, but it was 
prsmablypresu in an area relatively free of 
suspended algal fragments, as was station 
Q in this study. Alternately, the lack ofalgal fragments could be due to a greater
abundance of fish eggs, etc. inton the plank­at the time of capture; these ere pre­
firrcd over other foods. Smith and Tyler
(1973) suggested that such opportunistic
feeding in reef fishes is important in main­
taming community stalility.

The gilt contents of D. aruanus and D. 
reticulatus are remarkably similar to thoseof C. caerileus, perhaps because all three 

c csuae tspecies are territorialer ap anecagen all t eeand generally feed 
close to the coral heads. The more or lesssolitary pomacentrid, Pomacentrus pavo,had about 50% zooplankton and 50% algal 
f
 
ragmits in its gut. It was observedfeeding on suspended particulates from
 

the interstices 
 of the coral branches and 
from midwater suspended particles. On 
the other hand, the gut contents of Poma­
centrus vaiuli consisted almost exclusively
of algal fragments and epibenthic harpacti­
coid copepods, suggesting a grazing feeding
habit rather than planktonic. The gut con­
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tents of Abudefduf curacao and Acanthurus 
thornpsoni were dominated by pelagic zoo-
plankton, with only a small amount of 

detrital algal fragments in A. curacao and 
none in A. thompsoni. However, the gut 
of A. thornpsoni contained fecallike detrital 
material, perhaps of reef origin, 

These findings further indicate that reef 
detritus, in the form of algal fragments, is 
consumed by certain lagoon fishes. The 
decomposition of this material by digcs-

decompsitinte fis materialfirt si-
tion within the fish may be a first step in 

its transformation to a form that can he 
readily consumed by lagoon zooplankton. 

References 

ABASnKEVicN, YE. G., AM) A. G. T.\IONEN. 
1970. Copepod feeding in the tropical Pa-
cific. Dokl. Akad. Nauk USSR 191: 935-
938. 

BAYLOn, E. R., AND W. II. SUTCLIFFE. 1963. 
Dissolved organic matter in seawater as a 
source of particulate food. Limnol. Ocean-
ogr. 8: 369-371. 

DiSALvo, L. 1-1. 1970. Regenerative functions 
and microbial ecology of coral reefs. Ph.D. 
thesis, Univ. N. Carolina. 289 p. 

DOTY, N1. S., AND L. R. A. CAPU1lo. 1961. P'ro-
ductivity measurements in the world oceans, 
part 1. IGY Oceanogr. Rep. 4: 72-83. 

Gi.INinKII, A. K. 1958. On the nutrition of ma-
rine copepods in the tropical region. DokL. 
Akad. Nauk USSR 119: 229-232. 

GI.MARTIN, A. 1958. Some observations o the 
lagoon plankton of Eniweto!; Atoll. Pac. Sci. 
12: 	 313-316. 

IfAluY, A. C., AND E. R. GUNTHER. 1935. 
The plankton of the South Georgia whaling 
grounds and adjacent waters, 1926-1927. 
Discovery Rep. 11: 1-56. 

IItAri', 	 R. W., AND D. W. STRASnVURC. 1960. EtO-
logical relationships of the fish fauna ots coral 
reefs of the Marshall Islands. Ecol. Monogr. 
30: 	65-127. 

JEtFFREY, S. W. 1968. Photosynthetic pigments 
of the phytoplankton of some coral reef wa-
ters. Linmol. Oceanogr. 13: 350-355. 

JOHANNES, R. E. 1967. Ecology of organic ag-
gregaie, iamthe vicinity of a coral reef. Lirm-
nol. Gctanogr. 12: 189-195. 

- , AND 1. P. GEnBER. In press. Inport 
and export of net plankton l)y an Eniwetok 
coral reef community. Proc. 2nd Int, Symp. 
Coral Reefs, Australia, 1973. 

, AND PnojEc-r SYMBIOS TEAM. 1972. 
The 	oetal)olism of some coral reef coimnnmi-
ties. BioScience 22: 5.11-5.43. 

JoHNsON, N1. W. 1954. Plankton of the North-

ern Marshall Islands. U.S. Geol. Surv. Prof. 

Pap. 260-F, p. 301-314. 
KLIM, C. D. 1969. Interactions between sea­

water and coral reefs in Kaneohe Bay, Oahn, 
Hawaii. Hawaii Inst. Geophys., Univ. Ila­
waii lIG 69-19. 56 p. 

MARSHALL, N. 1965. Detritus over the reef and 
its potential contribution to adjacent waters 
of Eniwetok Atoll. Ecology 46: 3-.-3.1-1. 

NI,:,EL, A. 1969. Plankton des lagoon et des 

abords exterieurs de latoll de Murmrma. Cah. 
Pac. 13: 81-132. 

MOTOiA, S. 1938. Quantitative studies on the 
macroplankton off coral reefs of Palao Port. 
rrans. Sapporo Nat. Soc. 15: 242-2-16. 

NATIONAL RESEAH3:I1 COUNCIL. 19C9. Rccon­

melnded procedures for neasuring the produc­

tivity of plankton standing stock and related 

oceanic properties. Cnmn. Ocanogr., Biol. 

Methcds Panel, NAS-NRC. 59 p. 
PILSON, M. E. Q., AND S. B. BEt-1ZEn. 1973. 

Phosphorus flux across a coral reef. Ecology 
54: 	581-588. 

PoMEnoY, L. R., AND R. E. JOIIANNES. 1968. 
Occurrence and respiration of ultraplankton 
in the upper 500 meters of the ocean. Deep-
Sea lies. 15: 381-391. 

QASIMs, S. Z., AND V. N. SANKAIHANARAYANAN. 

1970. Production of particulate organic mat­
ter by the reef on Kavaratti Atoll (Laccadives). 
Liinnol. Oceanogr. 15: 574-578. 

RILEY, 	 G. A. 1963. Organic aggregates in sea­
water and the dnvamics of their formation 
and utilization. Lininol, Oceanogr. 8: :372­
381. 

RUSSELL, F. S. 193-1. The zooplankton. 3. A 
comparison of tile ablndance of zooplankton 
in the Barrier Reef Lagoon with that of some 
regions in northern European waters. Great 
Barrier Reef Exped. Sci. Rep. 2: 15.-2i11. 

Sienurii, J. McN. 1968. Observations on bac­
teria planktonic in Narragansett Bay, Rhode 
Island; a resunie. Bull. Misaki Mar. Biol. 
Inst., Kyoto Univ. 12: .19--61. 

S.IITii, 	 C. L., AND J. C. TYLER. 1973. Popula­
tion ecology of a Bahamian snprahenthic 
shore fish assenblagc. Am. Mns. Nov. 2528, 
p. 1-:38. 

SNEnEcon, G. NV., AND V. I1. CucItIH. 1967, 
Statistical methods. Iowa State. 

SonoKIN, Y. 1. 1971. Trophic role of mnicroflora 
in the coral reef biocenosis. Dokl. Akad. 
Nank USSR 199: -190-193. 

S-rEEl, R. C. D., ANIn J. 11. TomiE. 1960. 
Principles andl procedurc, of statistics with 
special reference to oiological sciences. Me­
(raw-Ilill. 

STRICKLAND, J. D. I1., AM) T. R. PAnsoNs. 1968. 
A practical handbook of seawater analysis. 
Bull. Fish. Res. Bd. Caln. 167. 311 p. 

TANicuciKI, 	 A. 1972. Geographical variation of 
primary production in the western Pacific 

http:5.11-5.43


824 Gerber and Marshall 

Ocean and adjacent seas with reference to vov Anx, NV. S. 1948. The circulation systems
the inter-relations between various parame- of Bikini and Rongelap Lagoons. Trans. Am. 
ters of orimary production. Mere. Fac. Fish., Geophys. Union 29: 861-870.
HokKaldo Univ. 19: 1-33. Woo), E. J. F. 1962. A method for phytoplank-

TELEK, C., AND N. MAIISHALL. 1974. Using a ton shdy. Limnul. Oceanogr. 7: 32-35. 
CIIN analyzer to reduce carbonate interfer­
ence in particulate organic carbon analyses. Submitted: 18 February 1974 
Mar. Biol. 24. 219-221. Acceptcl: 25 July 1974 


