
ATOLL RESEARCH BULLETIN 
NO. 247 

SPECIES COMPOSITION AND ABUNDANCE OF LAGOON 
ZOOPLANKTON AT ENIWETAK ATOLL, MARSHALL 
ISLANDS 

by Ray P. Gerber 

Issued by 
THE SMITHSONIAN INSTITUTION 

Washington, D. C., U.S.A. 
July 1981 



ENEWETAK ATOLL 

MARSHALL ISLANDS 

LAGOON 

STATION 2 

8 

PASS \ DEEP CHANNEL 

0 10 
ENEWETAK ISLAND 

- - SOUTH PASS 
~ r n  (WIDE CHANNEL) 

Figure  1. Enewetak A t o l l ,  wi th  sampling s t a t i o n s  (1)  and ( 2 )  i n d i c a t e d  



SPECIES COMPOSITION AND ABUNDANCE OF LAGOON 
ZOOPLANKTON AT ENIWETAK ATOLL, MARSHALL 
ISLANDS 

by Ray P. Gerberl 

ABSTRACT 

The spec ie s  composition and abundance of lagoon zooplankton were 
s tud ied  from n e t  tows made dur ing  two winters  (January-February, 1972; 
1974) and one summer (June-August, 1974) a t  a mid-lagoon s t a t i o n ,  and 
dur ing  t h e  winter  of 1972 a t  a shallow back-reef a rea .  About 124 
zooplanktonic organisms were i d e n t i f i e d ,  which included many spec ie s  
no t  previous ly  repor ted  from t h i s  lagoon. 

Copepods, chaetognaths and larvaceans which dominated a t  t h e  mid- 
lagoon s t a t i o n  were much lower i n  abundance a t  t h e  shallow s t a t i o n .  A t  
t h e  mid-lagoon s t a t i o n  about 56 of t h e  more abundant spec ie s  increased 
i n  abundance during t h e  summer, while 3 spec ie s  were c o l l e c t e d  only i n  
t h e  summer; 4 spec ie s  increased  i n  abundance during t h e  win te r ,  while 
about 4 s p e c i e s  were c o l l e c t e d  only i n  t h e  winter ;  and about 30 spec ie s  
lacked a seasonal  preference .  The spec ie s  d i v e r s i t y  (Shannon-Wiener 
and B r i l l o u i n  ind ices )  of t h e  lagoon zooplankton, which ranged from 
about 3.8 t o  3.9, was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  winter  and 
summer populat ions.   hisl lack of a d i f f e r e n c e  i n  d i v e r s i t y  may be due t o  
c e r t a i n  l i m i t a t i o n s  inhe ren t  i n  such i n d i c e s  when used t o  desc r ibe  
complex communities. 

INTRODUCTION 

Kramer (1897) working i n  t h e  lagoon a t  Samoa made t h e  f i r s t  
q u a n t i t a t i v e  study showing a g r e a t e r  abundance of plankton i n  t h e  
lagoon than  i n  t h e  surrounding ocean. Though r a r e l y  c i t e d ,  t h i s  work 
was confirmed by subsequent s t u d i e s  of Russe l l  (1934) a t  t h e  Great 
B a r r i e r  Reef lagoon, Edmondson (1937) i n  t h e  semienclosed waters  around 
Oahu, Motoda (1938) i n  t h e  lagoon a t  Palao,  Johnson (1949) a t  B ik in i  and 
nearby a t a l l s  inc luding  Enewetak, Michel (1969) a t  Mururoa A t o l l ,  
Michel et dl. (1971) a t  Rangiroa A t o l l ,  and Tranter  and George (1972) a t  
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K a v a r a t t i  and Kalpeni A t o l l s .  Except f o r  t h e  s tudy  by Johnson (1949) ,  
t h e s e  i n v e s t i g a t i o n s  were more concerned wi th  t h e  r e l a t i v e  abundance 
of  t h e  t o t a l  plankton o r  of major t a x a  r a t h e r  t han  s p e c i e s  composition. 
Other p u b l i c a t i o n s  which i d e n t i f i e d  zooplankton s p e c i e s  i nc lude  a 
p re l imina ry  survey of  t h e  more important  organisms by Gi lmar t in  (1958) 
a t  Enewetak; and s t u d i e s  on lagoon copepods by Mahnken (1966) from 
Rongelap wi th  two a d d i t i o n a l  samples from Enewetak, and by Ba rne t t  
(1967) from Enewetak lagoon. Sea r s  (1950) has  r epo r t ed  on t h e  
siphonophores from t h i s  and o t h e r  a t o l l s  i n  t h e  Marshall  I s l a n d s .  
Recent ly ,  S a l e  et a l .  (1976) s t u d i e d  t h e  composition of t h e  zooplankton 
from t h e  Grea t  B a r r i e r  Reef a r ea .  

Add i t i ona l  plankton s t u d i e s  have been made i n  c l o s e  proximity t o  
t h e  r e e f  and p e r t a i n e d  t o  t h e  r o l e  of  p lankton  a s  an energy source  f o r  
r e e f  ecosystems (e .g .  Glynn, 1973; and Johannes and Gerber,  1974) .  

The prev ious  lagoon p lankton  s t u d i e s  a t  Enewetak were based on 
samples c o l l e c t e d  over  a few days i n  one season;  Gi lmar t in  (1958) and 
Ba rne t t  (1967) took samples i n  t h e  w in t e r ,  and Johnson (1949) and 
Mahnken (1966) took samples i n  l a t e  summer. Since d i f f e r e n t  c o l l e c t i n g  
methods were used i n  each o f  t h e s e  s t u d i e s  it is  d i f f i c u l t  t o  d i s c e r n  
seasona l  changes i n  t h e  composition and abundance of  t h e  lagoon 
zooplankton. 

I n  t h e  p r e s e n t  work, t h e  lagoon p lankton  a t  Enewetak was sampled 
over  longer  pe r iods  than  i n  t h e  p rev ious ly  c i t e d  s t u d i e s ,  and included 
samples from two win t e r s  and one summer. E s s e n t i a l l y ,  t h e  same 
methods were used throughout t h e  s tudy ,  and a l l  t h e  organisms i n  each 
subsample were counted and i d e n t i f i e d .  These d a t a  a l low cons ide ra t i on  
of  seasona l  p a t t e r n s  i n  t h e  s p e c i e s  composition and abundance of t h e  
lagoon zooplankton. 

METHODS 

Two lagoon s t a t i o n s  were sampled (Fig.  1 )  a t  Enewetak A t o l l ,  
Marshal l  I s l a n d s  du r ing  two w i n t e r s  (Jan.-Feb.,  1972 and 1974) ,  and 
one summer (June-Aug., 1974) .  S t a t i o n  1 was l oca t ed  a long  an 
i n t e r i s l a n d  r ee f  about 150 m behind t h e  r e e f  c r e s t  and was sampled on ly  
i n  t h e  w in t e r  of 1972. Th i s  s t a t i o n  was about  2 m deep and 
cha rac t e r i zed  by a s l i g h t  u n i d i r e c t i o n a l  flow o f  water  from i n  f r o n t  of 
t h e  r ee f  du r ing  mid t o  h igh  t i d e s .  S t a t i o n  2 was l o c a t e d  a b ~ u t  mid- 
lagoon, 15-20 km northwest  of  Enewetak I s l a n d ,  i n  about 50 m of  water ,  
and was sampled i n  a l l  t h r e e  pe r iods .  

R 
Zooplankton was c o l l e c t e d  wi th  a 1/2 m d iameter ,  #6 mesh Nytex 

n e t ,  a p e r t u r e  0.239 mm, from January 1 - January 29, 1972; and wi th  
a 1/2 m d iameter ,  #10 mesh n e t ,  ape ra tu re  0.158 mm, from January 27 - 
March 3 ,  1974 and June 16 - August 7,  1974. Nets were equipped wi th  
i n t e r n a l l y  mounted, c a l i b r a t e d ,  T.S.K. flowmeters.  Each sampling 
c o n s i s t e d  of ob l ique  tows, made from about  35-40 m t o  t h e  s u r f a c e  a t  
S t a t i o n  2,  and from about 1 1/2 m a t  S t a t i o n  1 on incoming t i d e s .  



Because Station 1 was shallow, it was necessary to make several 
continuous oblique tows in order to sample roughly equivalent volumes 
from both stations. Tows were made from about 0930 to about 0230. 
Station 1 was sampled ten times and only during the winter of 1972, and 
on the same days as the sampling of Station 2. At Station 2 during 
the winter of 1974 and summer of 1974 twelve samples were collected 
each period. All samples were preserved in 5% glutaraldehyde in sea 
water, kept cool and in the dark. This method of preservation retains 
pigmentation of the organisms better than formalin, aiding in 
identification and enumeration. Total volume of water filtered by the 
nets ranged between 15-22 m3. 

The liquid volumes in the zooplankton samples were adjusted to 
100 ml, all organisms and debris larger than 4 mm were removed, and 
the suspended plankton subsampled using a 2 ml Stemple Pipette. Using 
a dissecting microscope and a gridded counting dish, all the material 
from five successive subsamples were identified and counted along with 
the larger organisms initially removed. For this 10 ml subsample the 
total number of individuals counted ranged from about 300 to 350 for 
adults, and about twice these values for juveniles and smaller 
organisms. It was necessary to count such large numbers of organisms 
since the samples often contained large amounts of mucus-like material 
which caused clumping of the zooplankton organisms. The presence of 
one individual in the subsample represented abundances ranging from 
about 0.5 to 1.4 organisms m-'. 

Seasonal changes in the lagoon zooplankton populations at the mid- 
lagoon station were analyzed with regard to species composition and 
abundance, statistically using ANOVAandDuncan's MultipleRange Test (Steel 
and Torrie 1960), and calculation of Shannon-Wiener and Brillouin 
diversity indices (Peet 1974; Pielou 1969). 

RESULTS 

1. Species composition and station distribution 

Some 96 species of copepods, 6 chaetognaths, 7 larvaceans, 9 
mysids, 1 euphausiid, 3 amphipods, 8 siphonophores, 2 pteropods, and 
at least 4 species of dinoflagellates were found in Enewetak lagoon in 
this study. Several medusae, ostracods, cladocera, isopods and various 
invertebrate and fish larvae were counted but not identified to species. 
Seven additional species of planktonic copepods ( A c a r t i a  f o s s a e  cf. 
A. hamata ,  C a l o c a l a n u s  p a v o n i n u s ,  Corycaeus  f l a c c u s ,  Corycaeus  l a t u s ,  
Corycaeus  t e n u i s ,  Euca lanus  monachus ,  and L u c i c u t i a  o v a l i s ) ,  twenty 
species of benthic harpacticoid copepods, plus the rest of the above 
zooplankton groups, except for the siphonophores, have not been 
previously reported from this lagoon. 

Table 1 presents a summary of the approximate abundance levels in 
numbers of organisms m-3, for the two lagoon stations and for the three 
sampling periods. The zooplankton from Station 1 (behind-reef) are 



characterized by a lower abundance, fewer species of typically 
planktonic organisms, and a greater number of benthic and meroplanktonic 
forms such as harpacticoid copepods, mysids, isopods and some larvae, 
as compared to the mid-lagoon station. Several species of presumably 
planktonic copepods ( C a l o c a l a n u s  p a v o n i n u s ,  L u c i c u t i a  o v a l i s ,  
M a c r o s e t e l l a  g r a c i l i s ,  M o n s t r i l l a  sp., O i t h o n a  p s e u d o f r i g i d a  and 
S c o l e c e t h r i c e l l a  d e n t a t a ) ,  as well as a few possible epizooic cyclopoid 
copepods, were restricted to this shallow station. At the mid-lagoon 
station the calanoid and cyclopoid copepods predominated in terms of 
numerical abundance and numbers of species. Mostother groups such as the, 
larvaceans, chaetognaths, euphausiids, pteropods, and dinoflagellates 
were also greater in abundance, while the amphipods and siphonophores 
were restricted to the mid-lagoon station. 

2. Seasonal distribution 

Statistical analysis of the zooplankton data at the mid-lagoon 
station indicated considerable variability between samples collected 
during the same period (Table 1). Often the standard deviation of the 
mean is equal to or even exceeds the value of the species' mean 
abundance. Table 1 indicates that there is almost no difference 
between the species composition and abundance of the mid-lagoon 
zooplankton from the two winter sampling periods. Considerable 
differences are apparent in species composition and abundance of the 
mid-lagoon zooplankton between the summer and the two winter sampling 
periods. Fifty-six species, consisting mainly of copepods, were 
significantly greater in abundance, at the 0.05 probability level, 
during the summer compared to the previously sampled winter periods; 
and only 3 species, consisting of the copepods Corycaeus  t e n u i s  and 
Temora d i s c a u d a t a  and one siphonophore L e n s i a  sp., appeared to be 
restricted to the summer. In contrast 4 species of copepods, 
C e n t r o p a g e s  (copepodites), C l a u s o c a l a n u s  f u r c a t u s ,  Euchae ta  r imana  and 
Undinu la  (copepodites), were significantly more abundant in the winter 
compared to the summer; and 31 species were collected only in winter. 
Statistical evaluation of these 31 winter species indicated that only 
4 were significantly greater than zero, and consisted of the three 
copepods , A c a r t i a  f o s s a e ,  Acroca lanus  (copepodites) , Candac ia  c a t u l a  , 
and one dinoflagellate, P y r o c y s t i s  f u s i f o r m i s .  An additional 30 
species or organisms did not exhibit any seasonal changes by statistical 
evaluation. The majority of the organisms in this group are of low 
abundance, less than 5 organisms m-3, and therefore does not represent 
a significant portion of the total population. 

3. Species diversity 

Table 2 presents the Shannon-Wiener and Brillouin species 
diversity indices (Peet 1974; Pielou 1969), calculated for each sample 
collected from mid-lagoon station. The number of species per sample 
ranged from 56 to 77 in all the samples, while the mean number of 
species from the different sampling periods ranged between 62-68 
species. The Shannon-Wiener and Brillouin diversity indices were 
very similar and the Kruskal-Wallis one-way ANOVA (Siege1 1956) 



indica ted  t h a t  the re  was n o s i g n i f i c a n t  d i f fe rence  a t  t h e  0.05 
p robab i l i ty  l e v e l  between t h e  mean d i v e r s i t y  indices  f o r  the  t h r e e  
sampling periods (d . f .=2;  f o r  Shannon indices  H=0.736, and f o r  
Br i l louin  ind ices  H=0.655). 

DISCUSSION 

A more complete study on the  seasonal d i s t r i b u t i o n  and abundance 
of zooplankton from Enewetak lagoon would require  a s e r i e s  of samples 
co l l ec ted  pe r iod ica l ly  throughout one o r  more years.  Such a study 
was not  the  i n t e n t  of t h e  present  work which was confined t o  the  summer 
and winter periods.  These two per iods ,  however, represent  t h e  two 
extremes of the  seasonal cycle  i n  terms of wind, r a i n  and lagoon 
c i r c u l a t i o n  p a t t e r n s  (Barnes et a l . ,  1948; Von Arx 1948; Smith 
personal  communication), and it was i n i t i a l l y  f e l t  t h a t  any seasonal 
change i n  the  zooplankton population would a l s o  be most pronounced 
during these  periods.  

The low abundance of holoplanktonic zooplankton and propor t ional ly  
g rea te r  abundance of meroplanktonic form found i n  t h i s  study a t  S ta t ion  
1 (behind-reef) ,  i s  t y p i c a l  of co ra l  reef  environments (e.g. Gerber and 
Marshall 1974, Sale  et dl., 1976). Avoidance behaviour t o  t h i s  shallow 
a rea ,  a s  well  a s  predation by t h e  cora l  reef  community a r e  bel ieved t o  
account f o r  t h i s  observation (Glynn 1973). Meroplanktonic organisms, 
such a s  harpacticoid copepods, i n  these  samples were perhaps 
inadver tent ly  washed from the  r e e f s ,  while c e r t a i n  o ther  meroplanktonic 
forms, such a s  inver tebra te  larvae  were probably a c t i v e l y  re leased from 
t h e  r e e f s  i n  the  d i spersa l  process. Undoubtedly these  ne t  c o l l e c t i o n s  
of zooplankton made during t h e  day underestimated the  t o t a l  shallow 
water zooplankton population. Emery (1968) and Sale  et a l . ,  (1976) 
both found extensive zooplankton populations i n  c lose  proximity t o  the  
c o r a l s  and adjacent  sediment, e spec ia l ly  a t  n ight .  But these  forms 
were mainly epibanthic res iden t  types r a t h e r  than t y p i c a l  open-water 
holoplanktonic zooplankton, which was of i n t e r e s t  here.  However, the  
present  study co l l ec ted  severa l  species of t y p i c a l l y  planktonic copepods 
which appeared t o  be r e s t r i c t e d  t o  t h i s  shallow area.  Somehow, these 
species  a re  capable of maintaining posi t ion  with respect  t o  the  reef  
and avoid predation.  

A t  S ta t ion  2 (mid-lagoon) , the  g rea te r  abundance of zooplankton 
i n  these deeper waters i s  evidence of an environment more ap t  t o  promote 
growth and reproduction of t h e  holoplanktonic species.  A deeper water 
column, lack of in tens ive  predation and b e t t e r  food condit ions a r e  a l l  
poss ib le  explanations. Gerber and Marshall (1974 and i n  prepara t ion)  
have found t h a t  the  major food supply t o  the  lagoon zooplankton cons i s t s  
of d e t r i t u s  exported from the  surrounding reef  communities. Calculat ions 
of t h e  t o t a l  supply of reef  d e t r i t u s  ava i l ab le  t o  the  lagoon zooplankton 
was found t o  be more than s u f f i c i e n t  t o  meet t h e i r  metabolic needs. 

One c r i t i c i s m  i n  examining and discussing the  r e s u l t s  of t h e  
zooplankton co l l ec t ions  from S ta t ion  2 (mid-lagoon) concerns t h e  lack 
of n ight  co l l ec t ions  which would possibly reveal  add i t iona l  species ,  



unable t o  avoid the  towed n e t ,  and add i t iona l  v e r t i c a l l y  migrating 
species  missed because of sampling depth, a s  well  a s  g rea te r  o v e r a l l  
abundance. I n  B a r n e t t ' s  (1967) study of the  v e r t i c a l  d i s t r i b u t i o n  
of the  copepods a t  Enewetak lagoon, he found 67 species  with perhaps 
only 3 spec ies  which exhibi ted  d i e 1  migrations. However, the  t o t a l  
number of nonmigrating species  were so g r e a t  t h a t  they masked the  
v e r t i c a l  movements of the  migrating species.  I n  the  present  study 
about 78 species  of planktonic copepods were recorded i n  t h e  winter ,  
and i n  abundances comparable t o  Barne t t ' s  winter  co l l ec t ion .  I t  i s  
the re fo re  f e l t  t h a t  zooplankton c o l l e c t i o n s  reported here have 
adequately sampled the  population within t h e  l imi ta t ions  reported 
e a r l i e r  

Without d e t a i l e d  information on t h e  c i r c u l a t i o n  p a t t e r n s  of t h e  
lagoon waters and t h e  degree of exchange with t h e  outs ide  ocean waters 
an explanation f o r  the  seasonal changes i n  species  composition and 
abundance of t h e  lagoon zooplankton can only be t e n t a t i v e .  Since t h e  
annual v a r i a t i o n  of lagoon water temperature and s a l i n i t y  i s  s l i g h t  
(about 0 . 7 O ~  and 0.15 O/,,Barnes et  a l . ,  19481, one explanation f a r  the  
seasonal  changes i n  the  lagoon zooplankton may be r e l a t e d  t o  the  
residence time of the  lagoon waters.  Based on temperature and 
s a l i n i t y  measurements i n  and around Enewetak lagoon, Smith (personal  
communication) ca lcu la ted  t h a t  t h e  summer f lushing r a t e  i s  considerably 
longer (perhaps on the  order  of t h r e e  months) than the  winter f lushing 
r a t e  (which may be a s  s h o r t  a s  one month). Minimal d i s p e r s a l  losses  
of t h e  lagoon zooplankton along with an increase  i n  phytoplankton 
production (Gerber and Marshall,  i n  prepara t ion)  i n  summer, could 
account f o r  t h e  increased lagoon zooplankton populat ions observed i n  
t h i s  study. 

Most of the  copepod species  which dominated the  zooplankton i n  t h e  
lagoon and increased s i g n i f i c a n t l y  i n  abundance during the  summer, a r e  
a l s o  common, though reduced i n  abundance, i n  t h e  surrounding waters of 
the  P a c i f i c  North Equator ia l  Current (Scot t  1909; Mori 1937; Wilson 
1942; Johnson 1949; Chiba e t  a l . ,  1955: Mahnken 1966). This i s  not  
t h e  case f o r  the  copepods Corycaeus  t e n u i s  and Temora d i s c a u d a t a  which 
were abundant and completely r e s t r i c t e d  t o  t h e  summer lagoon samples. 
These two copepods occur i n  the  Indo-Pacific a rea  (Dahl 1912; Delsman 
1939; Dakin and Colefax 1940) and were poss ib ly  introduced i n t o  
Enewetak lagoon by eastward moving water masses which s h i f t  s l i g h t l y  
northward i n  summer (Barnes e t  a l . ,  1948; Mao and Yoshida 1955). 
A s  f u r t h e r  evidence of t h e i r  seasona l i ty ,  these  two copepods were 
present  i n  t h e  gu t  contents  of severa l  species  of plankton feeding 
f i s h e s  c o l l e c t e d  a t  Enewetak lagoon i n  t h e  summer of 1973, but  were 
absent  i n  t h e  same species  of f i s h  co l l ec ted  t h e  preceding winter  
(Gerber, unpublished d a t a ) .  

Despite the  increase  i n  abundance of a major por t ion  of t h e  lagoon 
zooplankton population i n  summer a s i g n i f i c a n t  change i n  the  species  
d i v e r s i t y  (Shannon-Wiener and Br i l lou in )  was no t  observed. Both 
ind ices  take  i n t o  account t h e  t o t a l  number of species  i n  add i t ion  t o  
t h e  d ispers ion  of individual  specimens among t h e  given number spec ies ,  



though the Brillouin index is less sample-size dependant than the 
Shannon-Wiener index (Patten 1962). If as Peet (1974) argues, 
such indices are most sensitive to changes in the rarest species 
rather than in the common species, then the lack of a significant 
increase in the Shannon-Wiener and Brillouin indices for the summer 
lagoon zooplankton populations is understandable. Also, Margalef 
(1968) indicated that for rich ,tropical phytoplankton communities 
slight increases in diversity are poorly expressed by these indices 
since they asymptotically approach a maximum of around 4.5. The 
diversity indices for the lagoon zooplankton are close to this value, 
indicating that the lagoon zooplankton population has a very high 
biotic diversity. By contrast diversity indices fluctuate around 2.5 
in coastal populations of temperate marine plankton, and range from 
0.8 to 2.2 for adult fresh-water zooplankton (Margalef 1968). 

It is concluded from this study that the zooplankton of Enewetak 
lagoon appear to exhibit an increase in abundance during the summer 
season. This community has a very high species diversity though a 
definite change in diversity between the winter and summer populations 
could not be shown. 
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Table 1. Abundance l e v e l s  of lagoon zooplankton from Enewetak Atol l  lagoon. 

Mean values a re  shown (f) one standard devia t ion of the  mean. Underscoring of adjacent  o r  separated 
means ind ica tes  no s i g n i f i c a n t  d i f ference  a t  the  0.05 p robab i l i ty  l e v e l  (ANOVA and Duncan's Multiple 
Range Test: S t e e l  and Torrie 1960) 

S ta t ion  1 S ta t ion  2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species 

Calanoid Copepods 
A c a r t i a  n e g l i g e n s  Dana, 1894. 

A. f o s s a e  Gurney, 1927. 

Acrocalanus  g i b b e r  Giesbrecht,  1888. 

A. g r a c i l i s  Giesbrecht,  1888. 

A. l o n g i c o r n i s  Giesbrecht,  1888. 

A. monachus Giesbrecht,  1888. 

Calanopia minor A. Sco t t ,  1902. 

Calanus t e n u i c o r n i s  Dana, 1849. 

Calocalanus  pavo (Dana, 1849). 

C .  pavoninus Farran, 1936. 

C .  plumulosus (Claus, 1863). 

C .  s t y l i r e m u s  Giesbrecht,  1888. 



Table 1. (continued) 
c. 
N 

S t a t i o n  1 S t a t i o n  2 
Behind Reef Mid-Lacroon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species  

Calanoid Copepods (contd.)  
Candacia a e t h i o p i c a  (Dana, 1849) . 
C. b i s p i n o s u s  (Claus, 1863) . 
C. c a t u l a  (Giesbrecht ,  1889). 

C .  t r u n c a t a  (Dana, 1849). 

Candacia (copepodites)  

Canthocalanus  pauper(Giesbrecht,l888). 

Centropages  c a l a n i  u s  (Dana, 1849 ) . 
C. e l o n g a t u s  Giesbrecht ,  1896. 

C. g r a c i l i s  (Dana, 1849). 

C. orsinii  Giesbrecht ,  1889. 

Cent  ropages (Copepodi t e  s ) 

Clausocalanus  arcuicornis(Dana,l849). 

C. f a r r a n i  Sewell,  1929. 

C. f u r c a t u s  Brady, 1883. 

C .  pergens  Farran ,  1926. 

Cl ausocalanus  (Copepodites) 

Eucalanus a t t e n u a t a  (Dana, 1849). 

E. monachus Giesbrecht ,  1892. 



Table 1 (continued) 

Station 1 Station 2 
Behind Reef Mid-Laqoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species 

Calanoid Copepods (contd.) 

Euchaeta rimana (Bradford, 1974. 

Euchaeta (copepodites) 

Labidocera l a e v i d e n t a t a  (Brady, 1883) . 
L u c i c u t i a  f l a v i c o r n i s  (Claus, 1863) . 
L. o v a l i s  Wolfenden, 1911. 

Mecynocera c l a u s i  Thompson, 1888. 

Nannocalanus minor  (Claus, 1863). 

Paracalanus parvus  (Claus, 1863). 

Paracalanus (copepodites) 

Pleuromamma g r a c i l i s  (Claus, 1863) . 
P o n t e l l i n a  plumata (Dana, 1849). 

S c o l e c i t h r i c e l l a  d e n t a t a  
(Giesbrecht , 1892) . 

S c o l e c i t h r i x  danae (Lubbock, 1856) . 
Temora d i s c a u d a t a  Giesbrecht,l889. 

Tor tanus  g r a c i l i s  (Brady, 1883) . 
Undinula d a r w i n i i  (Lubbock, 1860). 



Table 1 (cont inued)  
c. 
Jb 

S t a t i o n  1 S t a t i o n  2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Spec ies  

Calanoid Copepods (contd.)  

U .  v u l g a r i s  (Dana, 1849) . 
Undinula  (copepodi tes)  

Cyclopoid Copepods 

C o p i l i a  m i r a b o l i s  Dana, 1852. 

Corycaeus a g i l i s  Dana, 1849. 

C. a s i a t i c u s  F. Dahl, 1894. 

C. c a t u s  F. Dahl, 1894. 

C. c r a s s i u s c u l u s  Dana, 1849. 

C. f l a c c u s  Giesbrecht ,  1891. 

C .  l a t u s  Dana, 1848. 

C .  l a u t u s  Dana, 1849. 

C.  l i m b a t u s  ? Brady, 1883. 

C.  l o n g i s t y l i s  Dana, 1849. 

C. medius  Gurney, 1926. 

C .  s p e c i o s u s  Dana, 1849. 

C .  t e n u i s  Giesbrecht ,  1891. 

C. t y p i c u s  (Kroyer, 1849) . 



Table 1. (continued) 

Station 1 Station 2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species 

Cyclopoid Copepods (contd.) 
. 

C .  v i t r e u s  Dana, 1849. 

Corycaeus & Farranula(copepodites) 

Farranula c a r i n a t a  
(Giesbrecht, 1891) . 

F .  concinna (Dana, 1849). 

F. g i b b u l a  (Giesbrecht, 1891) . 
Lubbochia s q u i l l i m a n a  Claus, 1863. 

Oithona nana (Claus, 1863) . 
0. p l u m i f e r a  Baird, 1843. 

0.  p s e u d o f r i g i d a  
(Giesbrecht, 1902) . 

0. r i g i d a  Giesbrecht , 1898. 
0. t e n u i s  Rosendorn, 1917. 

O i  thona (copepodites 

Oncaea media ~iesbrecht, 1891. 

0.  v e n u s t a  Philippi, 1843. 

S a p p h i r i n a  s t e l l a t a  
Giesbrecht, 1891. 

v S a p h i r e l l a  t r o p i c a  Wolfenden,l905. UI 



Table 1. (continued) 
F 

c3 

Station 1 Station 2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species 

Cyclopoid Copepods (contd.) 

0.7 f 1.2 - - - Unknown cyclopoids. 

Harpacticoid Copepods 

Amphiascopsis cinctus (Claus,1866). 

Amphiascus coralicola Sewell, 1940. 

Amphi ascus sp . 
Clytemnestra rostrata Brady,1883. 

C. scutellata Dana, 1849. 

Dactylopoda sp . 
Eudactylopus andrewi Sewell, 1940. 

E. anomala Sewell, 1940. 

E. fasciatus Sewell, 1940. 

Eudactylopus sp. 

Harpacticus spp. 

Laophonte sp. 

Longipedia coronata Claus, 1866. 

L. weberi A. Scott, 1909. 

2.7 f 2.8 - - - Macrosetella gracilis Dana, 1852. 



Table 1. (continued) 

S ta t ion  1 S ta t ion  2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species 

Harpacticoid Copepods (contd.) 

Metamphiascopsis hirsutus 
(Thompson & A. S c o t t ,  1903) . 

Metis spp. 

Microsetella rosea (Dana, 1847) . 
Peltidium spp. 

Tegestes sp. 

Unknown harpact icoids  

Monstr i l loid Copepods 

Monstrilla sp. 

Copepod Nauplii  

Copepod Copepodites 

Ostracods 

Cladocera 

Chaetognaths 

Pterosagitta draco 

Sagitta bipunctata 
Gaimard, 1827. 

S. enflata Grassi ,  

Krohn, 1853. 

Quoy and 



Table  1. (con t inued)  
P 

03 

S t a t i o n  1 S t a t i o n  2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Spec i e s  

Chaetognaths  (con td . )  

S. n e g l e c t a  Aida, 1897. 

S .  r e g u l a r i s  Aida, 1897. 

S .  s e r r a f o d e n t a t a  Tokioka,  1936. 

S a g i t t a  ( j u v e n i l e s )  

Larvaceans  

F r i t i l l a r i a  spp. 

Oikop leura  i n t e r m e d i a  
Lohmann, 1896. 

0.  f u s i f o r r n i s  F o l ,  1872. 

0. l o n g i c a u d a t a  (Vogt , 1854) . 
0. parva Lohmann, 1896. 

0. r u f e s c e n s  F o l ,  1872. 

Oikop leura  ( j u v e n i l e s )  

Mysi ids  

A n c h i a l i n a  g r o s s a  Hansen, 1910. 

A. t y p i c a  (Kroyer., 1861) . 



Table 1. (continued) 

S t a t i o n  1 S t a t i o n  2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species  

-- - 

Mysiids (contd. ) 

G. pacificus Hansen, 1912. 

G. parvus Hansen, 1910. 

Gastrosaccus sp .  

Pseudanchialina inermis 
I l l i g . ,  1906. 

Unknown Elysiids . 
Euphausiids 

49 Pseudeuphausia latifrons 
(Sears ,  1885) 

3.4 + 3.8 28.6 f 40.2 28.9 f 60.4 38.4 f 38.1 0.01 P. latifrons ( juven i l e s )  

Amphipods 

- 0 . 2 f  0 .5  0.6 t 1.2 - 1.24 Hyperia dysschistus Stebbing,  1888. 

- 8 .8  + 3.7 26.3 It 26.7 ' 63.1 f 33.7 10.29 H. hydrocephalia Vosseler ,  1901. 

- 2.3 f 6 .6  2.4 t 3.4 - 1.11 Synopia ultramarina Dana, 1849. 

9.7 f 13.7 - - - Isopods 



ÿ able 1. (continued) 
N 
0 

Sta t ion  1 S t a t i o n  2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species 

Siphonophores 

- 0.6 f 1.3 1 . 1 t  2.5 2.3 f 5.8 0.22 A b y l o p s i s  t e t r a g o n a  Otto,  1823. 

0 t 0.2 0 0.1 2.5 t 3.3 8.3 f 7.8 2.91 B a s s i a  b a s s e n s i s  
Quoy and Gaimard, 1834. 

- 0 f 0.1 0 .  f 0.3 - 0.09 Chelophyces  c o n t o r t a  Lens and 
Van Riemsdijk, 1908. 

- 0.3 + 0.3 - 0.2 * 0.3 0.06 Diphyes chamisson i s  Huxley, 1858. 

0.3 f 0.9 2.8 f 4.9 1.7 f 2.5 5.0 f 11.0 0.78 D. d i s p a r  Chamisso and 
Eysenhardt, 1821. 

L. s u b t i l o i d e s  Lens and 
Van Riemsdijk, 1908. 

- - - 4.4 + 3.1 12.17 Lens ia  sp. 

- 0.2 t 0.2 0.7 f 2.3 2.0 f 2.7 0.93 Ctenophores 

1.7 f 0.4 12.9 + 10.5 22.8 f 18.5 98.8 + 72.9 9.52 Medusae 

Pteropods 

3.4 f 5.3 22.6 f 14.2 77.2 + 29.4 1879.3 k1834.4 9.57 Creseis a c i c u l a  Rang, 1828. 

1.9 + 1.6 2.9 + 1.4 3.2 f 3.0 14.1 f 5.3 3.53 Limacina sp. 



Table 1. (continued) 

S t a t i o n  1 S ta t ion  2 
Behind Reef Mid-Lagoon 

Winter Winter Winter Summer 
1972 1972 1974 1974 F-values Species 

Larvae 

Brachyura zoea 

Brachyura megalopa 

Decapod larvae  

Echinopluteus 

Fish eggs 

Fish larvae  

Gastropod larvae  

Polychaete la rvae  

Sponge gemmule s 

Dinof lagel la tes  

C e r a t i  um spp . 
D i s s o d i n i u m  l u n u l a  (Schutt)  

Taylor, 1972. 

P y r o c y s t i s  f u s i f o r m i s  
Thompson ex Murray, 1876. 

P .  p s e u d o n o c t i l u c a  
Thompson ex Murray, 1876. 



Table 2. The number of species and species diversity indices (Shannon and Brillouin) for each 
zooplankton sample from the mid-lagoon, Station 2, at Enewetak Atoll. 

WINTER 1972 WINTER 1974 SUMMER 1974 

NO. OF NO. OF NO. OF 
DATE SPECIES SHANN. H BRILL. H DATE SPECIES SHANN. H BRILL. H DATE SPECIES SHANN. H BRILL. H 




