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"For they shall suck of the 

abundance of the seas, and 

of treasures hid in sand."

DEUTERONOMY 33: 19



SHALLOW WATER MEIOBENTHOS OF THE

BERMUDA PLATFORM

by

Bruce Charles Coull

ABSTRACT

The distribution and abundance of subtidal meiobenthos were 

studied monthly from June 1967 to May 1966 at six stations on the 

Bermuda platform: two in Castle Harbor, two in Baileys Bay and 

two in Harrington Sound. Total number of individuals ranged free 

0-133.3 x lO^/m^ and dry weight biomass from Ü-2^9-3 mg/m^. Free- 

living nematodes constituted 72.6% of the total numbers and 71.8% 

of the biomass and were the most abundant organisms at all but 

one station. Harpacticoid copepods were second in overall abun­

dance and were the most abundant organism at one station. Poly- 

chaetes, ostracods, kinorhynchs and priapulids were also common.

Distinct seasonal patterns were observed. Total population 

values were highest in late spring, lowest in the winter. Nematodes 

often reached maximum values in the winter and were correlated with 

mi nimum temperatures. Copepod abundance was related to reproductive 

cycles and changing sediment conditions. Copepods were abundant 

in the medium to coarse grained sands, nematodes in the finer sedi­

ments. Meiofauna was greatly reduced in the lower layers of 

sedimentj this reduction was attributed to decreased interstitial 

water and oxygen content.

Field and laboratory results indicated specific grain sise

1
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preferences of the Harpacticoida. üpigrowth feeding nematodes were 

dominant in sandy sediments, deposit feeders in the muds. Epi g row th 

dominance was probably related to carbon rich aggregated particles 

coating the sediments.

Three distinct harpacticoid "parallel level bottom conmunities" 

were defined: (1) the Leptastacus macronyx (T. Seott) - Praelepto- 

mesochra africana (Kunz) conmunity in the submerged "beach sands," 

(2) the Stenhelia (D.) n. sp. - Cletodes dissimilis (Willey) com­

munity in the carbonate muds, and (J) the Phy1lopodopsy1lus he nsani 

mihi community in the medium to coarse grained sands.

Diversity analyses of the harpacticoid communities indicated 

highly evolved, stable assemblages in those areas of low physical 

stress and less stable, variable assemblages in areas of high physi­

cal stress.

Detailed study of harpacticoid copepods yielded sixty-six spe­

cies, five of which were new species. The most ubiquitous was 

Phyllopodopsyllus hermani mihi. Twenty-nine species were new to 

Bermuda and significant changes in the zoogeographical ranges were 

noted for several species.
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I. INTRODUCTION

A. General

All ecological surveys are concerned with two major problems % 

(1) hew do the organisms adjust to their various individual environ­

ments, what conditions oi their environment can they appreciate, 

how are the associations organised in light of the environment and 

(2) how much does the association produce and what is its trophic 

significance in the complex food web?

A marine ecology investigation is concerned with environmental 

factors, and organismic associations, which are quite different 

from those on land or even in fresh water, ihe benthos, such an 

association, best exemplifies organism—environment interdependency. 

Whereas the pelagic association adjusts primarily to water quality 

(nutrients, temperature, etc.), benthic adjustments to the environ­

ment are dependent on a number of additional factors such as pelagic 

associations and sediments.

This dissertation deals with the first problem presented: the 

environmental adjustments and association organisation of the omni­

present, abundant, productive and often neglected portion of the 

benthic association, the intermediate sized forms collectively known 

as the meiobenthos.

The present knowledge of meiobenthos is sparse. All the liter­

ature available deals wiuh the fauna in silicate (quarts) sediments; 

nothing is known about their abundance, distribution or environmental 

dependency in carbonate sediments, rne present investigation in the



95-100% carbonate sediments of Bermuda, was undertaken in an at- 

tenpx to correct this situation and permit comparisons between 

carbonate-non—carbonate areas.

"Meiobenthos* was first coined by Mare ( 19U2) to describe 

those benthic metaioans of intermediate sim : animals smaller 

than those traditionally called "macrobenthos," but larger than 

the "alcrobenthos" i.e., bacteria and protosoa. McIntyre (lybh) 

asserts that there is no clear-cut distinction between the meio- 

macrobenthos; the former simply refers to those metasoans, which, 

because of thSlr small sise can be most adequately sampled by 

techniques different from those of the larger animals. The meio­

fauna is by no means a homogeneous group and is not, like the 

psammon (interstitial fauna), restricted to a particular habitat. 

McIntyre (1961, 1964), Mums (1*66) and Thorson (1906) further 

break the meiofauna down into two groups : (1) the temporary meio­

benthos, those which spend only their larval stages as part of 

the meiobenthos (usually larvae of the macrofauna), and (2) the 

permanent meiobenthos, those which are always part of thin group. 

The present survey deals primarily with the permanent forms.

Despite the fluidness of the definition, it is generally ac­

cepted that meiofauna refers to those animals which pass through a 

0.5 mm sieve and are retained on a sieve with mesh widths smaller 

than 0.1 ami in the present investigation, 0.0625 am. Other inves 

tigators have used sieves of U.l am (Mare 1942), 0.160 ma- (Wieser 

I960), 0.076 am (McIntyre 1964) ana 0.074 mm (Tietjen 1966). The 

larger mesh sises most likely allowed some of the smaller fores to 
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escape. The 0.062? m sieve appeared most imitable for collection 

of these waller forms.

Moore (1931) and Krogh and Sparck (1936) give population esti­

mates from the Clyde Sea and Copenhagen Harbor ends respec lively, 

while Mare’s (1942) investigation dealt also with mud, in the English 

Channel. Bougie (1946, 1950) reported on population values at 30 m 

off Cape Ibeille in the Mediterranean; Smidt (1951) studied both 

sand and ead bottoms in the Danish Wadensea; Thiel (1966), deep sea 

population in the Indian Ocean; and B. Muns (1967), population 

values of meiofauna, macrofauna and bottom living fish in Danish 

Estuaries. Most of these authors simply present numbers or biomass 

of the organisms in the major taxa, but Wieser (1960) (in both sand 

and mud in Bussard’s Bay, Massachusetts) and Tim t Jen (1966) (in two 

New England estuaries) identified the nematodes to species and dis­

cussed their ecology. McIntyre (1964) discussed the population 

values in two Scottish Lochs and Wells (1965) identified the copepods 

from these same stations. The present study discusses the population 

densities, biomass and the ecological relationships of all taxa; 

and in particular the species distributions of the Harpac uicoiaa and 

Nematode.

Wigley and McIntyre (1964) investigated macrofaunal-meiofaunal 

relationships off the New England coast and presented meio-macro- 

faunal muSber-biomass ratios as well as the ecology of the two major 

taxa. K. Mnus (1967) and Thorson (1967) restrict their discussion 

of meiofaunal components to the "temporary* forms, although Thorson 

does discuss the feasibility of naming the benthic oor—unity on the
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basis of the meiofauna.

Rarely have une organism-sediment interrelationships of the 

meiofauna been specified and when they have, only nematodes have 

been considered (Wieser 19&U; Tietjen 1966; Hopper and Meyers 

1967). These relationships are specified for both the nematodes 

and harpacticoids in the present study.

Coassunity elucidation has long been a useful tool for the en­

vironmental scientist. Except for Wieser's (i960) description of 

two distinct meicfaunal communities in Bustard's Bay and Por's 

(1964) indication of narpacticoid copepod communities in the Medi­

terranean off Israel, the melofaunal benthic associations have 

been neglected. This thesis establishes three distinct carbonate 

communities. A new approach, fitting the meiofaunal communities 

to a Stress-Time Model on the basis of species diversification and 

niche segregation after Sanders (1967) is presented.

Estuarine studies by Tietjen (1966) and B. Maus (1967) have 

delineated seasonal patterns and species succession within some 

groups of the meiofauna, but the other surveys were of such short 

duration no seasonal pattern could be discerned. Seasonal patterns 

of abundance and species distributions of Bermudian meiofauna and 

the suspected causal factors are discussed herein.

Moore (1931), Krogh ana bpircic (1936), Mare (1942), Bougie 

(194b, 1950), Smidt (1951), McIntyre (1961), Wieser and Kanwisher 

(1961), Tietjen (1966) ana B. Mans (196?) have shown that most 

meiofaunal organisms are confined te the "nper 2 cm of sediment, 

with the majority of the nematodes confined to the upper U cm and
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reaching a lower limit of 0 to 8 cm. In the present study the ver­

tical distribution of the Bermudian fauna is examined and compared 

with the other areas. Possible reasons for the vertical limitations 

are presented.

Lang (lyuB), For (1966, 1965;, Vervoort (ly6h) and Wells (1967) 

List the zoogeographical ranges of the known harpacticoid copepods. 

Several new distributions and additions to the known ranges are 

added in this thesis.

Jtenaud-Debyser (1965, 1963) in the Bahamas, Kline (lybO) in 

Miami, and Kenaud-Mornant and serene <1967) in Malasla have studied 

these intermediate sized organisms in a carbonate environment but 

their investigations have dealt viun ^ne beach psammon and not the 

subtidal fauna. All found reduced numbers of organisms in the car­

bonates when the values were compared to those of silicate sands#

There has recently been increased interest in the systematics 

of various melofaunal groups, with portions of the work being done 

in carbonate areas. Chappuis and Delaware Deboutteville (1956) 

have described the copepods and isopods of Bahamian beaches. Hopper 

(1961a, 1961b, 1963) has listed many oi the nematodes common in the 

Gulf of Mexico, Hopper and Meyers (iyo7a, 19b7b) of Biscayne Bay, 

Florida, and Wieser and Hopper (1967) those common to the east coast 

of Florida. Spyer (lyo6) has reported on the "fond coralline" cope­

pods at Banyuls-sur-Mer, Francej For (1960), cm those in the 

Leva tine and Pontic areas of the Mediterranean; and Higgins (lybh), 

on kinorynchs off North Carolina*. Many of the species prevalent in 

these were also found in Bermuda.
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In a «mary,, the specific objectives oi we investigation nay 

be detailed as follow 1

1. To demonstrate the existence of a significant meiobenthos 

population within the carbonate sediments of the Bermuda platform.

2. To determine the taxa encompassed by the meiofauna, their 

population densities and their biomass.

3» To compare the Bermudian populations with those of other 

areas.

lu To determine the nature of the vertical distribution of 

meiofauna in the sediments.

5. To delineate those environmental factors affecting the pop­

ulations and to specify the organism sediment interrelationships of 

the Nematode and Harpacticoida.

6. To determine whether population fluctuations and species 

succession occurred on a seasonal basis.

7. To establish the community relationships of the carbonate 

meiobenthos, define the community in terms of its diversity, and 

fit the resultant diversity values to a Stress-Time Mosai,

8. To compare toe moogeograph!cal ranges of une narpac tic olds 

and expand the distribution records of particular species.

B. Other Studies In The Area

As mentioned previously, all other true melobenthic studies 

have been conducted in a predominantly silicate environment. Two 

macrofannal studies have been conducted on or near the Bermuda plat­

form (Charve et al. 1962 and Sanders et al. 1967). Barnhart (1963) 

has studied the distribution of sediments and foraminifera across
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the platform. Saes early studies, primarily systematic, of various 

macrofauna on the Bermuda platform include Webster (188b)« Merrill 

(19U0, 1901, 1908)$ Bicnardson (lyUl)j Hoagland (1919); and 

Treadwell (1936, 1941).

Willey (1930, 1931, 1935) published an account 01 toe harpao- 

ticoid copepods from Bermuda and featman (1962, 19b3) included soma 

Bermuda harpacticolds in his worn. Neither investigator collected 

benthic samples, although some 01 the lures in tne present study 

were collected by both.

C. Harpacticold Copepod Systematics

The harpacticoid copepods have been studied in detail during 

the present survey. Within this extremely diverse group, certain 

species are benthic, certain species are pelagic, some are epiphytic, 

some are epiiooic, and some species are known to inhabit two or 

more ot these niches. Since these organisms have played such an 

important part in tne present survey, a short review of the syste­

matic literature is listed on page 20 (Methods and Materials)»

The literature is replete with reports on the systematics of 

the Harpacuicoida. Lang’s (1948) two volume monograph is a neces­

sity for any systematic work on tne organisms as it collates the 

majority of tne literature up to that point. After 194% the litera­

ture is scattered in several languages. A complete review of the 

literature is not within the scope 01 une present work. However, 

those investigations found useful in the present survey are listed 

in the Methods and Materials.

Representatives 01 une species collected during the present
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survey have been deposited at the Division of Crustacea, United 

States National Museum, Washington, D.C.

Throughout the dissertation a new copepod, Phyllopodopsyllus 

hermani, is often mentioned. A description of P. hermani is in 

press and is expected to be published shortly (Coull, Crustaceans, 

in the press).

Lang's (1948) phylogeny is followed throughout the disserta­

tion.
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II. THE INVESTIQâTIŒI

A. Area or Study (Figure I)

Six stations in three localities (Castle Harbor, Baileys Bay 

and Harrington Sound) were sampled monthly. These stations were 

part ot the original quarterly sampling program and were selected 

because each had at least on interesting feature, exemplified a 

different environment and was easily accessible.

Each shallow station was marked with a white "Clorox" bottle 

buoy attached to a length of pipe (57 cm) which was driven into 

the sediment. During the period ui sampling, the buoys broke loose, 

but the pipes remained and the exact station could be located ac­

curately with a cursory swim employing a face mask and snorkel. 

Using three very sharp shore ranges, the deep stations could be 

ascertained to within 50 feet.

1. Castle Harbor

The harbor is characterized by an irregular bottom profile and 

an open sea connection to we south-east. Castle, Rushy, Charles, 

Soutnhampten and Hon-Buch Islands partially bar the seaward entrance 

to the harbor, with Castle Roads and Hon-Such Scaur the main pas­

sages into the harbor. The north-west portion of the harbor, though 

bounded by the Longbird Bridge and Causeway, opens into Ferry Keach. 

One-third to one-half of the harbor was dredged in the early 1940's, 

but the two selected stations were away from this dredged area.

a. Castle Harbor Shallow (CHS) (3 m)

CHS was located at the soutn-south-east corner oi the harbor,



12

S HCD

21 
g

F ig u r e  1 .  Map o i  Bermuda sh o w in g  th e  l o c a t i o n s  o f  th e  m e lo fa u n a l  s t a t i o n s .



16 ■ nortù-^weet ox the precipitous cliffs of Castle Island. Tne 

sediment is a wave—rippled, winnowed, we 11-e or ted, densely packed, 

fine sand (median grain sise ranged from 190—21tUp). The station 

is an area ox continual tidal current activity.

b. Castle Harbor Deep (ŒD) (13 m)

CHD was situated approximately in the center of Castle Harbor, 

1500 a north-east of the Castle Harbor Hotel. The sediment is a 

poorly sorted silty-eand interspersed with Ha Umeda spp. fragment** 

Occulina diffusa fragments and broken moliuscan shells. The ■id- 

water interface was difficult to detect, as a flocculent layer was 

apparent, mere was no 8Wr«^ .f the be t^m (ev^n in the highest 

winds) and the environment ^-=eujœd relatively const* throughout 

the year.

2. Baileys Bay

Locat'd on Bermuda's north shore, the bay is bordered on the 

south by the north shore and on the north by Bay Island. Grass 

beds ox Thalassia testudinium (Konig) are interspersed throughout 

the bay and serve as traps for suspended sediment. Tidal Them pas­

sing through tne bay bypassed the grass beds and flowed only over 

the exposed sediment.

a. Baileys Bay Coarse (BBC) (3*b m)

BBC was situated approximately 100 m south of the south vast 

tip ox Bay Island, in the center of the bay. The station is 10 m 

from the nearest Thalassia bed and is a site *f tidal no venant. 

The sediment is a coarse sand (Wentworth 1922) with Halimada spp.

fragments and considerable amounts of broken shell. The sediment
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Is stratified: tne coarse material restricted to the upper two 

centimeters, the finer material below. Tne condition, however, 

did not persist throughout the year. With the onset of winter, 

the sediment environment was altered (Sso Results).

b. Baileys Bay Fine (BBF) (2 m)

EBF was located approximately 50 ■ south of the south-west 

tip of Bay Island, £0 m north of BBC on the edge of a Thalassia 

bed. The sediment is medium sand (mgs, $uyp), with little or n: 

vertical stratification. Roots of Thalassia were evident at a 

sediment depth of 5 cm. inis environment also was not stable: 

often (especially in winter), the grass bed was not in evidence 

and the station marker was surrounded by sand (See Results).

22 Hairington Sognd

Harrington Sound is an almost enclosed, semi-tropical lagoon. 

It maintains near—normal oceanic temperature and salinity despite 

its restrictiveness. Tne main tidal exchange with the outside 

waters takes place through a narrow opening at the south-west cor­

ner, Flatts Inlet.

Heimann (19&5) divided the Sound into three ecological senesi 

(1) the Shallow Sandy Zone (u-10 m), (2) tne Oceulina Zone (10-19 m) 

and (3) the Subthermocline Zone (19-to the deepest part of the 

Sound, approx. 27 m) « The donation is distinct and is characterised 

by different faunal assemblages. (See Neumann for a description 

of the area.)

a. Trunk Island (TI) (5 m)

TI was situated 20 m norm of the norm-east tip of Trunk Island
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The sediment is a relatively well-sorted medium sand (mgs, 485)1), 

consisting of well worn fragments of calcareous algae, molluscs, 

forams and land derived cemented clasts.

b. Devils Hole (DH) (27 m)

DH was located at the south-east corner of Harrington Sound 

in the deepest portion of the Sound. The sediment is a coarse silt 

consisting primarily of fecal pellets of Cert hi um sp. and Ostrea 

frons (Williams 1966) and the pseudo-feces of various other mol­

luscs. As with Castle Harbor Deep, the mud water interface was 

difficult to detect as a flocculent layer was apparent.

During the summer months, a temporary thermocline was estab­

lished between 18-21 m and dissolved oxygen decreased to 0 ml/L at 

25 m. The thermocline was established during May, most prevalent 

in September and turned over in October. No vertical stratification 

was present from October to May.

B. Methods and Materials

1. Field

Samples were collected monthly (June 1967-May 1968) at the six 

stations (Figure 1). The stations were occupied using the Bermuda 

Biological Station launch Abudefduf (26*). Samples at Castle Harbor 

Deep and Devils Hole (deeper stations) were taken as hand cores 

using SCUBA equipment. At the shallow stations (Castle Harbor Shal­

low, Baileys Bay Coarse, Baileys Bay Fine, and Trunk Island) hand 

cores were obtained with the use of face mask and snorkel.

The sampling was accomplished by pushing a short (15-20 cm) 

plastic core liner (inner diameter 3.5 cm) into the sediment to a
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depth or 10 cm. with the plastic liner in the sediment, a rubber 

stopper was pushed into the top 01 the core tube. Tne core tube 

was then quickly removed from the sediment and a #7 recessed top 

rubber stopper employed to close the other end. The plastic liner 

(with both ends corked) was transported through the water to the 

launch. The cores for organism counts were immediately extruded; 

a stick molded to fit the recess in the bottom cork was used to 

push the sediment upward and cut off at the two, five and seven cm 

levels (retaining the following sediment segments : 0-2, 2-5, 5-7, 

>7 cm). Each segment was placed in a polyethylene pint jar (wide 

mouth "Mason" type) with enough sea water to cover tne sediment. 

Four replicate cores, for organism analyses, were collected in this 

manner. Periodically, extra cores were collected for grain sise 

analyses, water content measurements and chemical analyses of the 

sediments. Further additional cores were taken in June 1967 for 

statistical analyses to determine the monthly sampling program.

Samples for overlying water column dissolved oxygen were col­

lected by hand, except at Devils Hole, where a Nansen bottle was 

used. Samples were taken monthly at the surface and bottom at 

Castle Harbor Shallow, Baileys Bay and Trunk Island; at the sur­

face, 6.5 m and the bottom at Castle Harbor Deep; and at the sur­

face, 7 m, Ih m, 21 m, 24 m, at Devils Hole.

Surface temperatures were recorded with a bucket thermometer. 

At Devils Hole a Bathythermograph was used to record temperature 

throughout the water column.

An attempt to discern the exchange, flow and current direction 



17

of the bottom water in Baileys Bay was undertaken in September. 

Weighted polyethylene bags containing fluorescein dye were dropped 

throughout the bay and the dispersion of the c^e recorded and 

photographed.

2. Laboratory

a. Enumeration of the Meiofauna

In the laboratory each pint mason jar was filled with H.A. 

Millepore (O.U^u) filtered sea water and a few granules of Rose 

Bengal were added. Rose Bengal is a vital stain recommended by 

Walton (1952) to distinguish living and dead foraminifera and Mason 

and Yevich ( 196?) to facilitate sorting benthic samples. The sam­

ples were then stored in a refrigerator for a minimum of 21i hours 

to allow penetration of the stain. The animals remained alive for 

U-6 days in the jars ; the samples were all sorted well within this 

time limit. After removal from the refrigerator, the samples «are 

shaken vigorously and the supernatant poured through two sieves with 

mesh widths of 500p and 62.5p. ThAs procedure was repeated five 

times and the residue left in the Mason jar, as well as the fine 

fraction that passed through the 62.5p sieve, were periodically ex­

amined for meiofauna. Preliminary checks to ascertain the number 

of animals remaining in the residue and passing through the fine 

sieve had shown that very thorough shaking tears loose all the ami- 

mals and puts them into the supernatant. The percentage of animals 

passing the fine sieve was generally insignificant and consisted 

solely of juvenile nematodes. The organisms left on the sieve were 

washed into finger bowls, the excess water siphoned off (using
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0.06b mm plankton mesh over the end of the siphon) and transferred 

to a plastic tray by eye dropper. The samples were then counted 

and separated into major taxa with the use oi a dissecting micro­

scope.

All organisms collected were counted. Every harpacticoid 

copepod was picked out of the sample, put into a vial containing 

b% buffered formalin, and identified to species at a later date. 

Approximately every third nematode was separated out and put into 

formalin. The separated nematodes were then split into two equal 

parts. One-half of the nematodes were grouped on the basis of 

their buccal apparatus after Wieser (1953) and one-half shipped 

to Dr. Bruce E. Hopper for species identification. Wieser (1953) 

had divided the free living marine nematodes into four groups, 

according to the structure of their oral cavity, each morphological 

division being assumed to represent different types of feeding 

mechanisms. The divisions are as follows :

Group 1A - small, unarmed buccal cavity, selective deposit 

feeders.

Group IB - large, unarmed buccal cavity, non-selective de­

posit feeders.

Group 2A - small, armed mouth cavity, epistrate feeders. 

Group 2B - large, armed buccal cavity, omnivore-predatore.

Whenever possible, taxa were sent to specialists for identifi­

cation. The harpacticoid copepods were identified with the use of 

a binocular compound microscope. Each harpacticoid species was 

mounted in Hoyer’s Mounting Medium and permanent slides and vials
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with each species were retained. Representatives of the species 

collected have been deposited at the United States National Miseum.

Number of organisms per was established by calculating the 

area of the 3.5 cm inner diameter core liner j dividing the area 

into 1 square meter (10,000 cm2); and multiplying this factor (1039) 

by the number of organisms counted, i.e.:

A - 7TT2 

A - 3.1h x (1.75)2 - 9.621 cm2 

121200- _ 103, 
9.621 

1039 x /org. - iorg./m2

Jones (1962), criticising this method, asserts that extrapolating 

one small sample to represent the fauna in one square meter presup­

poses all areas within the square meter are exactly the same as the 

sampled portion, The effect of possible patchy distribution was 

minimized in the present survey as the values from the four repli­

cate cores were averaged and plotted with the standard deviation.

b. Weight Determinations

Dry weights of the major meiofauna taxa were determined by dry­

ing a known number of organisms at 50 °C to constant weight. The 

specimens were weighed on a Mettler Micro balance (M5) and the total 

weight divided by the number of individuals to establish the dry 

weight per individual. The results were in general agreement with 

Wieser (I960), McIntyre (196b) and Tietjen (1966). Wet weights warm 

determined using the 25% dry weight/wet weight ratio discussed by 

Wieser (I960) and Tietjen (1966). The value for each organism was 

multiplied by the number of organisms per m2 to give the dry and wet 
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weights per The average individual dry weights of the meiofauna 

taxa were: copepods, 0.0012J mg; nematodes, 0.00212 mg; estr a cods, 

0.011 mg; polychaetes, 0.0062 mg; halacarids, 0.0tix4 mg; kino- 

rhynchs, 0.002? mg; turbellarians, 0.0020 mg; laarellibranch larvae, 

0.00576 mg; and amphipods, 0.00520 mg.

c. Harpacticoid Systematics

Besides Lang’s (19bb) synopsis of the pre-19Ub literature, the 

following references were employed during the systematic portion of 

the survey: Kile (19h9, 1950); Kumx (1949, 1951, 1954, 1962, 1963); 

Chappuis (1953, 1957); Boaic (1955); Noodt (1955a, 1955b, 1955c, 

1957, 1963, 1964) ; ^e (1955) ; Chappuis and Delamare Deboutteville 

(1956); Delamare Deboutteville (I960); Wells (1961, 1963, 1965, 

1967) ; Yeatman (1962, 1963); Griga (1963); Soyer (1963, 1964, 

i960); Bodin (ly64); for (1964a, 1964b, 1964c, 1965); Vervoort 

(1964); Gonzalez and Bowman (1965); Lang (1965); Wells and Clark 

( 1965) ; Dussart (1966); Wilson (.1966) ; and Geddes ( 1968) .

Willey’s (1930, 1931, 1935) original papers on the Bermuda 

harpacticoids also proved to be of great value.

d. Chemical Analyses

(1) . Sedimentary Organic Matter

The sediment was dried at 80 °C, ground with a mortar and pes­

tle, and stored in a dessicater. The method used for determination 

of organic matter was a modification of the potassium di chromate­

sulfuric acid wet oxidation method outlined by Maciolek (1962). 

The wet oxidation method has been criticized by Wangersky and Chave 

(personal communication) who assert that the major objectiez to wet 

oxidation is that the refractory portion is not oxidized; therefore
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total sedimentary organic carbon is not measured.

To measure total natural organic matter, Morgans (1956) has 

suggested multiplying the value obtained by wet oxidation by 1 • 3 

since wet oxidation is assumed to oxidise only 75% of the natural 

organics. However, Sanders et al. (1965) have noted that the re­

fractory portion is not a readily available food source for the 

benthos j it is only the labile portion which the organisms can 

use. Since the refractory portion is not a readily available food 

source, and the wet oxidation does not oxidise the refractory por­

tion, the values obtained in the present stu^y were not multiplied 

by Morgans' (1956) factor of 1.3 to obtain total organics.

The carbonates were dissolved with dilute and the chlo­

rides complexed with (Quinn and Salomon 196h). The dilute 

acid carbonate dissolution served to partially hydrolise the labile 

organic fraction and the remainder of the technique follows that 

of Maciolek (1*62). There are no approximations for the refractory 

portion or total organics, i.e., the non-refrac tory (labile) plus 

the refractory.

(2) . Sedimentary Phosphorus

Total phosphorus was determined spectrophotometrically using 

the method of Murphy and Riley (1958), following digestion of the 

sample (100 mg) for 2 hours with l.h ml of concentrated HgSO^.

(3)» Sedimentary Nitrogen

Total nitrogen in 100 mg samples of dried pulverised sediment 

was determined using a Coleman Model 29 nitrogen analyser. The ana­

lyser employs the micre-Dumas technique.



22

(U). Dissolved Oxygen

The modified Winkler technique outlined in Strickland and 

Parsons (1965) was used in the determination of dissolved oxygen. 

e. Sediment Parameters

(1) . Grain Size Distribution

For grain size measurements the core was sectioned at the 2 

cm level and the grain size distribution was determined for both 

fractions, i.e., 0-2 cm and >2 cm. The sediment was sieved through 

a nest of seven U.S. Standard Sieves, each separated by one phi 

unit. The sieves used had mesh openings of h ■, 2 mm, 1 mm, 0.5 

mm, 0.25 mm, 0.125 mm, and 0.0625 mm. The silt-clay fraction that 

passed through the 0.0625 mm sieve was collected in a bucket of 

known volume. The fractions collected on the sieves as well as a 

100 mi aliquot of the silt-clay fraction were then put into 250 ml 

ta red beakers, dried at 80 °C and weighed. The silt-clay weight 

was then extrapolated to the total volume of the bucket. All of 

the grain size analyses were determined by wet sieving the sedi­

ment in fresh water, thus avoiding the aggregation that often ac­

companies drying of carbonate sediments.

(2) . Eh, pH

Both Eh and pH were measumdd with a Beckman Zeroes tic pH me­

ter. Readings were made at seasonal intervals in the upper two 

centimeters of the cores.

(3) . Interstitial Water

Water content was determined on split core fractions, i.e., 

0-2 cm and >2 cm. Wet sediment was weighed in a fared 250 mi beaker 
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dried st 80 °C to constant weight and reweighed. Wet weight minus 

dry weight was interpreted as the weight of the interstitial water.

f, Variations Between Samples

An estimate of the variations within samples (replicate cores 

at the same station) was obtained by taking eight cores at each sta­

tion during June 1967. Variation was estimated using the coeffi­

cient of variation, C (Snedecor 1956). This statistic, which is a 

ratio of the sample standard deviation to the sample mean, is ex­

pressed as a percent; the lower the C value, the lower the variation 

between replicate cores.

Only the total population was tested using this statistic and 

the values obtained for the eight replicate June cores were: CHS 

19.8%, CHD 6.2%, BBC 11.4%, BET 19.4% and TI 8.8%.

Although eight cores were taken in June 1967, the number of re­

plicate cores actually taken for organism analyses dating the year's 

study was four, t for January, March, April and May 1968 when 

two replicates were taken.

All the harpacticold copepods were picked out of all the samples 

from one monthly station and put into the same vial. The percentage 

per species was used to estimate succession and dominance. This 

technique tends to even out the variation between replicates (when 

identifying the harpacticoids to species) as all of the individuals 

were used for species identification and écologie consideration.

g. Diversity Analysis

Diversity AAthin the harpacticold populations was measured using 

the Tarification methodology of Sanders (1967)« Sanders has compared 
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this methodology to a number of diversity indices and has concluded 

that the Tarification technique is the most applicable as it is not 

dependent upon sample sixe.

The idea behind the methodology is to keep the percent compo­

sition of trie component species constant but reduce the sample sise 

in order to determine the number of species and number àf indivi­

duals which would have been present had smaller samples been taken. 

The explanation of the methodology is taken directly from banders 

(1967) (p. 6-7).

"The species are ranked by abundance, and the percent 
composition of each species and the cummulati ve percent 
are plotted. In a hypothetical example there are 1000 in­
dividuals and 1*0 species. As an example, the number of 
species at the 25 individual level will be determined. 
The percent composition is the same as in the original 
sample, but the number of individuals is reduced to 25. 
Since 25 specimens in this reduced sample represent 100% 
of the individuals present, then each individual specimen 
forms 1*% of the sample. In the original sample, seven 
species each comprise U or more percent, and in total they 
compose 76% of the sample by number. Therefore, each of 
these seven species will be present in the reduced sample. 
This leaves a residue of 21*% of the original sample com­
prising the remaining 33 species. Because none of these 
species form more than !*% of the original sample, those 
species of this group that will appear in the reduced sam­
ple cannot be represented by more than one individual. 
Since one specimen comprised 1*% of the reduced sample, 
therefore:

- 6 species

7 *6-13 species present per 25 individuals."

This methodology is applied several times at different total 

population values. The resultant number of species per specified 

number of individuals is then plotted. The resultant curvilinear 

line is due to the fact that individuals are added at a constant 

rate, but the progressively rarer species are added at a continuously 
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decreasing rate, Ite end point of the curve gives the actual 

number of species and individuals present in the sample, and the 

curves themselves give the interpolated number of species at dif­

ferent population levels. The method can only be used to inter­

polate, not extrapolate.

The closer the curves approach the ordinate, the greater the 

diversity, i.e., a large number of species per small number of 

individuals. The closer the curvilinear line(s) approaches the 

abscissa, the lower the diversity, e.g., a line parallel with the 

abscissa would indicate the lowest possible diversity, only one 

species present no matter how many individuals.

h. Experimental

Experiments to determine the grain size preferences of the 

meiofauna taxa were attempted in March (Experiment 1) and April 

(Experiment II). An aquarium (10^ x x in.) was used. 5amd 

collected from Ferry Reach (a non-study station) was wet sieved 

with filtered sea water through 1.0 am, 0.5 mm, 0.25 mm, and 0.125 

■a sieves (Experiment I) and through 2.0 am, 1.0 ma, and 0.5 am sieves 

(Experiment II). The aquarium was divided into two equal parts, 

using a plywood divider and certain sieved sands were placed on 

either side of the divider. During Experiment 1, sand >0.5 ma and 

<1*0 am was placed on one side of the divider, and sand <0.5 mm 

and >0.250 am on the other. The sand used in Experiment II was 

>1.0 am and <2.0 ass and >0.5 ■ and <1.0 ma. In both experiments, 

U em of the sieved sand were placed on either side of the divider.

After the sand had been placed in the aquarium, sea water was
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gently added to both sides to fill the aquarium. The divider was 

removed and an air-stone placed in the center of the tank. There 

was some overlapping of the sediment types in the center of the 

tank. The aquarium was then placed in a plastic "dish pan" filled 

with sea water.

Meiofaunal components were then sorted out of sables taken 

from Baileys Bay Coarse, Baileys Bay Fine and Trunk Island, and 

randomly pipetted into the experimental tank.

Replicate equal volume sub-samples were procurred from the 

center of each respective sand patch, from each side of the 

aquarium at specific time intervals. The animals collected were 

counted, separated to a major taxon and the harp acticoids iden­

tified to species.
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III. RESULTS

A. Environmental Parameters

1. Air Temperature, Wind Direction

Air temperatures in Bermuda during the period lh June 1967 to 

17 May 1968 ranged from a low of 8.9 *C on 27 February 1968 to a 

high of 31.1 °C on 27 August 1967.

Winds were primarily out of the N, NW and NE during the winter 

months and out of the S, SW and SE during the summer.

2. Water Temperatures (Figure 2)

Aie high temperatures listed below are for August 1967, the 

low temperatures for February 1968 except for those noted other­

wise.

a. Castle Harbor Shallow

Surface temperatures ranged from 17.0 °C in January 1968 to 

27.5 °C in August. Day to day temperatures fluctuated at this 

shallow station depending on cloud cover, percent solar radiation 

and wind. No appreciable difference was noted in surface and 

bottom temperatures (Figure 2a).

b. Castle Harbor Deep

Surface temperatures ranged from a low of 16.0 °C to a high 

of 27.0 °C. Day to day fluctuations were slight and the entire 

water eolum remained Isothermal throughout the year (Figure 2b).

c. Baileys Bay

Surface temperatures ranged from a low of 16.2 °C to a high
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of 28*3 °C. No appreciable gradient, was notable between the sun­

face and bottom (Figure 2c).

d. Trunk Island

Since Trunk Island is in an enclosed body of water, the surface 

Waters tended to warm and cool faster than those of the outside 

stations. Surface temperature ranged from 15.8 °C to 30 °C. The 

water column remained isothermal throughout the year (Figure 2d).

e. Perils Hole

Surface temperatures were similar to those at Trunk Island and 

ranged from 15.8 °C to 29.8 °C (Figure 2e).

During the summer months, commencing in May, a temporary ther­

mocline was established at 15-18 m. As the surface waters warmed 

the thermocline continued between 15-18 m, but the temperature range 

increased. In June the temperature drop between 15-18 m was 1.2 

°C, in July 2 OC, and in August 5 °C- In late August, early Sep­

tember the thermocline deepened to 18-21 m. The convective overturn 

occurred some time in early October. During the remainder of the 

study, the water column was isothermal (Figure 2f).

3. Chemical Analyses

a. Sedimentary Organic Matter

The values for sedimentary organic matter at the study stations 

are shown in Table 1. Values ranged from a low of no detectable 

organic carbon at CHS on 17 June 1967 to a high of 17-60 mg C/gm 

sediment at DH on 17 September 1967.
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TABLE I. QUARTERLY SEDIMENTARY ORGANIC MATTER (mg C/gm sediment)

Date
CHS CHD

17 June 1967 * 5.00
15 Sept. 1967 1.20 6.24
19 Dec. 1967 0.07 6.05
18 Mar. 1968 0.07 5.50

Station
TI DHBBC ÏEF

2.30 2.30 0.7h 14.50
4.ho 4.40 1.04 17.60
3.97 2.90 0.59 15.60
2.11 2.81 0.14 13.95

* No detectable organic carbon

b. Sedimentary Phosphorus

Percent total phosphorus for all the stations is shown in

Table 2.

Date Station

TABLE 2. QUARTERLY PERCENT TOTAL SEDIMENTARY PHOSPHORUS

CHS CHD BBC BBT TI DH

17 June 1967 0.021 0.052 0.008 0.007 0.019 0.094
15 Sept. 1967 0.015 0.030 0.005 0.006 0.018 o.O7h
19 Dec. 1967 0.016 0.035 0.008 0.008 0.015 0.068
18 Mar. 1968 0.013 0.032 0.008 0.009 0.018 0.056

The phosphorus values ranged from a low of 0.005% at BBC on 15 Sep

tomber 1967 to a high of 0.09h% at DH on 17 June 1967•

c. Sedimentary Nitrogen

The total nitrogen values are based on the samples of one 

month (June 1967) because of equipment failure.

TABLE 3. PERCENT TOTAL SEDIMENTARY NITROGEN

Date Station
CHS CHD BB? SHF TI DH

17 June 1967 0.035 0.130 0.048 0.046 0.035 0.200

d. Dissolved Oxygen

(1) . Castle Harbor Shallow

Surface oxygen ranged from 3.30 ml/L on 18 December 1967 to



5.54 M1A on 18 March 1968. Cotton values were always higher them 

those at the surface and ranged f fob  a low of 4.83 ml/L cm 17 August 

1967 te a high of 5.62 el/L on 18 March 1968.

£22e CaaUjsJHartcr^

Oxygen values generally increased with depth. Surface values 

ranged from h.73 al/L on 20 July 1967 to 5.59 elA on 18 March 1968» 

6.5 a values from 5.11 al/L on 17 August 1967 to 6.20 ml/L on 17 

February 1968 and bottom values from 5.13 el/L on 17 August 1967 to 

7.13 ml/L on 20 July 1967.

(3) . Baileys Bay

Bottom oxygen values ranged from a low of h.73 ml/L on 17 Oc­

tober 1967 to a high of 5.79 ml/L on 17 February 1968. Surface 

values ranged from 3.48 ml/L In October to 5.48 ml/L on 18 March 

1968 and were generally lower than those at the bottom.

(4) . Trunk Island

The high values for both the surface and bottom were recorded 

in March 1968 : 5.99 ml/L for the former, 6.19 ml/L for the latter. 

The low values were noted in July 1967 , 4.69 ml/L for the surface, 

4.70 ml/L for the bottom.

(5) . Devils Hole

As illustrated in Figure 2f, the water column was not isother­

mal throughout the entire year. As the thermocline was established 

in late May - early June, the dissolved oxygen at 24 m decreased and 

by August, none was detectable. This anaerobic condition remained 

until the convective overturn of th# thermocline in October; the 

water column then became isothermal and dissolved oxygen was distri- 
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bated evenly throughout. Table & illustrates the effect of the 

overturn on the distribution of dissolved oxygen.

TABLE H. DEVILS HOLE - TEMPERATURE AND OXTGEN 
15 September 1967 - 17 October 1967

Data Depth (■) Temp, °C O^^ml^L

17 Sept. 1967 Surface 28.0 11.86
7 27.9 k.95

Hi 27.7 U. 89
ZL 211.2 3.1*5
211 21.5 0.00

17 Oct. 1967 Surface 25.6 11.56
7 25.6 11.56

Hi 25.5 li.li7
21 25.5 lu 61
21i 25.5 11.56

lu Sediment Parameters

a. Grain Size Distribution

(1). Castle Harbor Shallow

The sediment, a well sorted, densely packed, rippled, fine 

sand, was well rounded, uniformly sized and reminiscent of the typi­

cal "Pink Beach" sands of Bermuda. Early attempts to establish 

different stations in troughs and on the crests of the ripples proved 

futile. There was no difference in the grain size distribution ner 

in the inhabitant fauna.

Measurements of the distance between and the height of the 

ripples were obtained at different intervals. The ripple size was 

dependent on the tidal flow and local climatic conditions. Ripple 

size varied between 9.3 cm long and 2.11 cm high in February 1966 to 

6.3 cm long and 1.6 cm high in November 1967.

The median grain size (ngs) of the upper 2 cm was constant
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throughout the year ranging from 0.19 mm in December 1967 to 0.2k mm 

in June 1968. Median grain size of the >2 fraction was approximately 

0.04 mm coarser than that of the 0-2 segment. Percent silt-clay was 

negligible and ranged from 0.7-12.4% for the 0-2 segment and 1.0-6.4% 

for the >2 segment. Figure 3 illustrates a typical cumulative dis­

tribution curve for this station.

The sorting coefficient, Se -VQl/jj (Trask 1932), of the 0-2 

cm segment was clmse to that of Trask's definition of a very well- 

sorted sediment, ranging from 1.22 to 1.34» The So of the >2 cm 

segment varied from 1.36 to 1.45. Using Inman's (1952) statistic 

(Phi Median Deviation,cr■ (/86-/1U)), which represents one stan­

dard deviation unit on either side of the mean, the values ranged 

from 0*53 to 0.75 (0-2 cm) and 0.70-0.79 for the >2 segment.

(2). Castle Harbor Deep

This deep station harbors a typically poorly sorted carbonate 

mud. The mud was interspersed with irregularly sized fragments of 

Occulina diffusa, calcareous algae (particularly Halimeda sp.), echi- 

noid spines, sponge spicules, foraminiferal tests and broken molluscan 

shells.

Depending upon the amount of large coral fragments in the 

sediment, the median grain size ranged from 0.044 mm to 0.138 mm for 

the 0-2 segment. On one occasion, August 1967, several large Occulina 

chunks were evident and a median grain size of 0.350 mm was recorded; 

however, this must be assumed to be an anomaly. The silt-clay (0-2) 

fraction always comprised more than 50% of the sediment ranging from 

52.7% to 61.7%, except for the anomalous August sample when it
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meas ► U-«5%® æt >2 aedueent segment was much the same as the 

0-2 segment '&ng < 11om 0.91*5 mm to 0.106 mm mgs and 45.8% to 

67.0% Bllt-cl-w. again, the August sample was anomalous with a 

mgs of 0.450 n and the percent silt-clay at 30.7* Generally, the 

grain size distribution remained constant throughout the year*

Sorting coefficients were in the range or those indicating 

?er^-noorly sorted sediments, ranging from 4*67 to 5*60 for the 

0-2 segment ar 3.9 - 6.50 for the >2 segment. Phi median de­

viation ? i^3 spanned from 2.8' to 3.25 (0-2 cm) and 2.70 to 3.33

(>2 cm). Figure 4 illustrates a typical CHD grain size distribution. 

(3). Baileys Eby

Originally the survey included one station designated as Baillys 

Bay. However, after careful examination of the bay and its sedi­

ments ' ws notjd that patches of coarse and fine sediments were 

uniformly distributed throughout the bay* The uniformity was pre­

valent during late spring, summer and early fall, and will be 

referred to as the "Summer Condition." During the late fall, winter 

and early spring a different sediment distribution was evident and 

will hereafter be referred to as the "Winter Condition."

The "Summer Concision" was characterised by the distinct patches 

of coarse and fine material uniformly distributed throughout the bay. 

The fine(r) sediment patches were mitts ted near the Thalassia beds, 

the eoarse(r) sediment was distant from the grass beds and surrounded 

by sands of varying grain size. The two stations, Baileys Bay Coarse 

and Baileys Bay Fine were established when the "Stumer Condition" 

environment ^s evident. BBC was located in one of the coarse sand
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patches, BBF next to a Thalassia bed in the finer sediment.

During the "Winter Condition" the bay environment was altered. 

The grass beds were not evident and were often covered with sand. 

The coarse sediment patches were dispersed and the flat "Summer Con­

dition" bottom was rippled.

A study to discern the bottom current direction through the 

bay on an incoming and outgoing tide was undertaken in September 

1967 ("Sumner Condition"). As evidenced in Figure 5, the fl uo reace in 

dye, marking the bottom currents, did not flow over the Thalassia 

beds but fastidiously avoided them and flowed onl^ over the exposed 

sand passages.

(a) . Baileys Bay Coarse

Earlier investigations, using the entire core sample for grain 

size analysis, had shown Baileys Bay Coarse ( BBC) fine or finer than 

Baileys Bay Fine. After careful scrutiny, however, it was noted 

that only the upper two centimeters of BBC harbored the loosely 

packed, high porosity, coarse grained material; the sediment below 

was as fine as, or finer than, that of Baileys Bay Fine. The June 

1967 samples were not split at the 2 cm level and a mgs of 0.460 mt 

was recorded. Samples were split as of July 1967 and median grain 

size for the 0-2 fraction ranged from 0.580 mm in July 1967 to 1.350 

mm in August 1967.

The >2 fraction mgs ranged from a high of 0.490 mm in December 

1967 to a low of 0.388 mm in August 1967. The mean of the medians 

was 0.435 mm.

.During the sumner the prevailing winds of Bermuda were generally
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from the south and of low velocity. Baileys Bay, being on the north 

shore of Bermuda was on the leeward side of the island. When the 

"Summer Condition" was prevalent, the BBC sandy bottom was flat. 

0-2 cm sorting coefficients were less than 2 (1.^5 in July 1967 to 

1.73 in May 1968), phi median deviation values were 1.50 or below 

(ranging from 0.95 to 1.50) and percentage silt-clay was low, ranging 

from 0.3% in May 1968 to 6.4% in April 1968. The overlying water 

was clear (no sediment in suspension) and the underlying root struc­

ture evident throughout the bay was at a sediment depth of 10-16 cm.

Iki ring the winter,the prevailing winds approaching Bermuda 

were northerly; Baileys Bay was therefore on the seaward side of 

the island. When the "Winter Condition" prevailed, three distinct 

grain size distribution characteristics changed: sorting coefficient 

(phi median deviation), percent silt-clay and depth of the sediment 

overlying the root structure. The median grain size did not change 

significantly. "Winter Condition" 0-2 cm sorting coefficients were 

always more than 2, ranging from 2.29 in March 1968 to 2.49 in De­

cember 1967. Phi median deviations were above 2.5, ranging from 2.56 

to 2.70. Percent silt-clay of the 0-2 cm fraction was 3 to 70 times 

those recorded during the "Summer Condition," fluctuating between 

18.4 and 21.0% in March 1968 and December 1967 respectively. The 

root structure, which was never found during sumsr sampling, was 

encountered at a sediment depth of 3-6 cm.

The >2 fraction did not vary as the 0-2 fraction did and re­

mained relatively constant throughout the year, with sorting coef­

ficients ranging from 1.59 to 1.97. The only major difference 

encountered in the >2 fraction was the percentage silt-day which
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was higher (11.6-19#3%) in the summer and lower (2#4-6.3%) in the 

winter, jest the opposite of the 0-2 fraction.

Typical BBC grain size cumulative disrihution curves for the 

"Sumer Condition" and "Winter Condition" 0-2 dm fraction are sheen 

in Figure 6.

(b) . Baileys Bay Fine

Baileys Bay Fine (BBF) was 50 m north of BBC on the southern 

edge of a Thalassia bed during the s uimer. There was no vertical 

layering of the sediment as at BBC. Median grain sise of the 0-2 

fraction ranged from 0.1*10 mm in August 1967 to 0.570 mm in Decern 

her 1967, and 0.425 mm in Augest to 0.550 m in December for the 

>2 fraction. All differences between 0-2 and >2 samples were well 

within the range of sampling error.

Sorting coefficients for the 0-2 fraction ranged from 1.51 in 

March 1968 to 2.3O in December 1967J phi median deviation from 

0.93 in July 1967 to 2.35 in April 1968; and percent silt-clay 

from 2.3% in March 1968 gradually increasing to 29.6% in August 

1967. >2 fraction values ranged from 1.61 (May 1968) to 1.97 (July 

1967) for sorting coefficient; 0.65 (April 1968) to 1.34 (August 

1967) for phi median deviation; and 2.4% (April 1968) to 10.9% 

(August 1967) for percent silt-clay.

No difference was noted between "Sumner" and "Winter Condi­

tion" grain sise distribution; all were within - 2 S.D. units of 

the yearly mean. The major notable "Winter Condition" changes were 

percentage silt-clay, depth of Thalassia root structure and the gross 

morphological features of the grass bed and surrounding sediment#
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During November, December, January and February,the Thalassia bed 

abutting on DBF was covered with a medium sand. The station marker, 

usually found at the edge of the grass bed, appeared to be in the 

center of a large sand patch. The root structure during this "co­

vering over" period was not evident at 5 cm, but at a sediment depth 

of 8-10 cm. Thus, the station was covered by an extra 3-5 cm of 

sand during the winter. The excess sand was almost completely de­

void of the fine silt-clay fraction, as noted by the 2.3% silt-clay 

value recorded for March. Typically the "Summer Condition" silt­

clay percentage of 29.6% (August 1967) must have been a result of 

the baffle and trapping characteristics of the turtle grass c^amsu- 

nity. (Figure 7 for grain sixe distribution of BBF, 17 August 1967»)

(5) . Trunk Island

Grain sixe distribution properties of the medium sand evident 

at Trunk Island (TI) are listed in Table 5. Properties were rela­

tively constant throughout the year except for the increased silt­

clay percentage, and higher sorting coefficient (phi median deviation 

values) recorded for both fractions in August 1967»

TABLE 5. SEDIMENT SIZE CHARACTERISTICS, T.I. 
0-2 Fraction

Date mgs (■) 5,0 %S.C

17 Aug. 1967 0.1,75 1.72 1.35 14.8
19 Dec. 1967 0.485 1.51 0.65 4.1
18 Mar. 1968 0.480 1.54 0.75 1.6

>2 Fraction

17 Aug. 1967 0.540 1.77 1.22 9.1
19 Dec. 1967 0.540 1.55 0.68 7.9
18 Mar. 1968 0.613 1.47 0.83 4.0



43

Ë

C
M

 
(Dm

 
CM 3

 
v

4 u
»
o

j»
d
 

iq
B

ia
M
 

• a i| d
 irn

u
n

o

F ig u re  ? .  BBF -  T y p ic a l  cu m m u la tiv e sed im en t, p a r t i c l e  s i z e  a n a l y s i s  c u r v e s .

100



(6) . DevUs Hole

The fecal pelleted sediment in Devils Hole (DH) remained con­

stant, throughout the year. The coarse silt sediment characteristi­

cally had a median grain size of - 10*. Sorting coefficients 

were always above 2, ranging from 2.28 to 2.51, phi median deviation 

values between 1.75 and 2.15 and percent silt-clay approximately 

60%.

b. Eh and pH

Eh and pH measurements were made at quarterly intervals. The

values were consistent throughout the year (Table 6).

Date Station

TABLE 6. QUARTERLY SEDIMENT Eh (mv), pH

CHS Clm bi BC Bl3F TJ[ D H
pH" "Eh pH Eh pH Eh pH "Eh pH th pH"

21 June 196? 7.70 ♦33 7.70 -5 7.85 +30 7.83 +25 7.80 ♦10 7.50 -35
15 Sept. 1967 7.70 +30 7.75 0 7.85 ♦30 7.85 ♦30 7.85 ♦20 7.50 -*5
19 Dec. 1967 7.71 +28 7.69 -10 7.86 +20 7-86 +20 7.85 +20 7.50 -25
16 Mar. 1968 7.85 +35 7.80 0 7.90 ♦30 7.85 ♦30 7.80 ♦15 7.35 -25

c. Interstitial Water

(1) . Castle Harbor Shallow

Mean percent water in the 0-2 fraction was 30.8% (ranged from

29.5-31.0%). That of the >2 fraction averaged 30.1% (28.1-33.6%

range). No seasonal change was noted.

(2) . Castle Harbor Deep

0-2 cm values averaged 51.6%, >2 cm segment characteristically 

contained 10% less water and values averaged hl.8%,

(3) . Baileys Bay Coarse

■Sumner Condition" interstitial water values averaged h9.9% 

and "Winter Condition" values 3h.2% for the 0-2 segment. Below 2 cm 



the w3iuœr Condition" values averaged 43.3% and "Winter Condition" 

values 37.5%.

(4) . Baileys Bay Fine

Water content values did not vary with the seasonal environ­

mental changes. The 0-2 segment values averaged 33.8% (a 30.4-34.6% 

range). >2 cm values were always slightly higher than those of the 

0-2 cm fraction and averaged 37.7%.

(5) . Trunk Island

Mean percent water of the 0-2 cm segment was 26.0%, while that 

of the >2 fraction was 25.2%. The values for 0-2 and >2 were always 

within - 1%; essentially no difference between the two segments.

(6) . Devils Hole

This station, with the undetectable mud-water interface, had 

the highest percent water values recorded in the survey. Values 

averaged 57.9% for the 0-2 cm segment and 52.2% for the >2 segment. 

B. The Meiofauna

1. All Stations - Total Populations and Biomass

Excluding Devils Hole (which, as will be noted later, is a spe­

cial case), numbers for all meiofauna ranged from 12.2 x loVn^ (BEF 

If Imeember 1967) to 13.3 x 10^/m^ (BBC, 23 April 1968) and averaged 

58*0 x 10^/m^. Dry weight biomass averaged 121.7 mg/m^ and ranged 

from 33.0 mg/m^ (BBF, 19 January 1968) to 259 mg/m^ (CHD, 15 Septem­

ber 1967). Wet weight biomass was 4 times that of the dry weight 

(Wieser I960; Tietjen 1966). Nematodes were the major meiofaunal 

constituents at all stations, except BBC ("Summer Condition"), BBF 

(periodically) and TI (twice). Overall, nematodes comprised 72.6%
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of the total numbers and 71.8% of the biomass. Harpacticoid cope-

-*r* second in overail abundance and constituted 22.3% of the 

total numbers and 14.3% of the total biomass. Since the nematodes 

and harpactloolds comprised 90% or more of the total numbers, sys­

tematics were restricted to these two groups.

66.9% of all the organisms collected were in the upper 2 cm 

of sediment, 24.2% in the 2-5 cm segment, 7.0% in the 5-7 cm seg­

ment and 1.9% below 7 cm.

Sixty-six species of harpacticoids were collected during the 

survey. Of these, five were new species and twenty - nine were new 

distribution records for Bermuda. At each station, the harpacticoids 

will be discussed in detail and serve as the major study group in 

this survey. Their distribution, systematics, organism-sediment 

interrelationships, seasonal variation and population diversity will 

be closely examined. Ecological conclusions will be based primarily 

on the harpacticoid distributions, other melofaunal groups will be 

noted in such detail as seems relevant.

(hie hundred and ninety-seven species of nematodes were identi­

fied by Bruce E. Hopper. Wine of the species have been established 

as new. Further systematic investigation will probably reveal more.

2. Castle Harbor Shallow

a. Total Populations and Biomass (Figure 8)

Mean total number of animals ranged from 45.5 - 2 x lO^/»2 la 

March 1968 to 99.7 1 2 x lcA/m2 in February 1968 and averaged 61.8 

x lO^/"2* Mean dry weight biomass ranged from 96.2 mg/m^ (March 

1968) to 219.8 mg/m^ (February 1968) and averaged 133.8 mg/m^.
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Since the biomass was dependent on the number of organisms, a 

biomass peak was usually synonomous with a population increase. 

Seasonally, total population numbers stayed constant over the sum­

mer (ignoring the statistically invalid September 1967 peak), in­

creased to a secondary abundance peak of 68.1 t 6 x lcA/m2 in 

November 1967, and decreased in late fall-early winter. The maximum 

value (99*7 - 5 x lO^/m2) was recorded in February 1968, and the 

yearly lew was reached in March. Another secondary abundance peak 

was detected in May (69.5 -lx 10^/n2),

Dry weight biomass conformed io the same cycle, differing only 

in the magnitude of the November peak.

63. k% of the organisms were encountered in the upper 2 cm of 

sand, 23.7% in the next 3 cm (2-5), 10.3% in the next two cm (5-7), 

and 2.6% were found living below 7 cm.

The fauna inhabiting this station was reminiscent of typical 

beach psammont small, vermiform, possessing a strong cuticle or 

spines (scales), and often a ciliated covering. The sediment granu­

lometry, as previously noted, is very much like that of th* beaches 

of Bermuda. Animals collected at CHS included nematodes, harpacti- 

coid copepods, entracods, polychaetes, tarbellarians, tardi grades, 

archannelids, amphipods, and bivalve larvae. A coupleto listing of 

the fauna encountered at CHS, with mean numbers counted may be found 

in Appendix Al.

b. Harpacticoid Cppepods (Table 7) 

Harpacticoids never dominated the population at CHS, reaching 

10% of the total fauna only once, September 1967 (10.8%). Overall
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the harpacticolds comprised 5.1% of the total numbers and 2eU% of 

the dry weight biomass. Figure 9 shows seasonal percentages of 

copepods and nematodes.

Twenty-one species were collected during the course of the 

survey. Leptastacus macronyx (T. Scott) was the most abundant 

copepod as 1* comprised 49.7% of all the forms. The other impor­

tant copepods were: Praeleptomesochra africana (Kuns) (15»7%), 

Ectinosoma dentaturn (Steuer) (8.5%), Apodopsyllus africanus (Kuns) 

(8.0%) and Danielssenia n. sp. (5»2%). The remaining 16 species 

constituted only 12.9%. Table 7 lists all harpacticoids collected 

at this station.

Since the copepods were responsible for only 5.1% of the total 

numbers and 2.4% of the biomass, the data presented below for sea­

sonal species fluctuations cannot be considered statistically valid 

For example, the August 1967 samples had only 7 individual copepods 

making each one worth (on a percent basis) 14.3%, whereas the Sep­

tember 1967 samples had 117 individuals, each individual thus being 

equivalent to 0.85%. This variation in total numbers must be kept 

in mind when analysing the seasonal pattern.

(1) . Eeptastacus macronyx (Figure 10)

This species was common throughout the year, except in July 

1967 and February 1968. The pattern of seasonal abundance showed 

large fluctuations with maximum density recorded in January 1968. 

Only the August, September series and the February, March, April 

May series appeared regular. Large percent density fluctuations 

were noted from September to February.
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(2) . Praeleptomesochra africana (Figure 10)

Maximum density was recorded in February, when P. africana 

comprised 80.5% of the to tad copepod population. Another abun­

dance peak was recorded in July 1967, when P. aï ricana comprised 

25.0%. The remainder of the survey was either devoid of any P» 

africana or the species was not prevalent.

(3) . Ectinosoma den ta turn (Figure 10)

1. dentaturn reached a maximum in October 1967 (43.5% of the 

copepod population). Secondary abundance peaks were recorded in 

June 1967 (25.0%) and March 1968 (15.8%).

(4)o Apodupsyllus africanus (Figure 10)

A somewhat regular seasonal cycle was recorded for A. afri­

canus. The population remained at relatively low fluctuating 

levels during the summer and fall, increased in December, dropped 

gradually to 1% of the population in February, climbed to another 

abundance peak in April, and started to decline to the summer 

level in May.

c. Nematodes

Nematode percentages never fell below 80% (#/m^) and averaged 

90.9% of the total numbers and 89.7% of the total dry weight bio­

mass (Figure 9)•

Seventy-three species were identified from CHS. inadequate 

samples sent to Bruce E. Hopper (June-November) make the data from 

these months somewhat questionable. However, there was an in­

creased number of taxa encountered as the survey progressed. The 

four most abundant species, Monoposthia sp., Theristus floridanus,
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Metachroma dora sp., and Pomponema tea 3 datum comprised 35.U% of the 

total population, the remaining 70 species, 64.6%. A complete list 

of those species collected at CHS may be found in Appendix B1.

In addition to systematic identification, nematodes were also 

grouped on the basis of their buccal apparatus. Group 2A (epistrate 

feeders) was the most abundant form, averaging 47.8% of all the 

nematodes. Group 2B (omnivore-predators) was second in nematode 

abundance (32.1%), Group 1A (selective deposit feeders) third (11.6%), 

and Group IB (non-selective deposit feeders) fourth (8.5%)• Sea­

sonally, the epistrate feeders were most abundant in all months 

except for aforementioned July, and May 1968. The two deposit 

feeding groups (1A and IB) fluctuated at low levels throughout the 

year» The monthly percent of nematode feeding groups and the mean 

yearly percentage of each group (Histogram) can be seen in Figure 

II o

The four species of Eubostrichas encountered at CHS were all 

covered to some degree with a blue-green algal epiphyte, Schisothrix 

calcicola (J.H. Sharp, personal communication). This rather unusual 

relationship was most prevalent in October 1967 and May 1968, when 

the blue-green bearing Eubostrichus spp. accounted for 3.0% and 2.3% 

of the nematode fauna respectively. The systematic relationships, 

ecological preferences, ultra-structure and explanations of the mode 

of attachment are currently being investigated (Hopper, Coull and 

Sharp, in prep.). 

d. Other Taxa

Tardigrades, ranking sixth in overall abundance, were found at
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relatively high levels in May 1968, when they comprised 4.7% of the 

total population. Turbellarians occurred eight of the twelve times 

the station was occupied and ranked third in overall abundance. 

Polychaetes were regular components and ranked fourth in abundance. 

Ostracods were also present throughout the year and ranked fifth in 

overall abundance. Amphipods, archannelids and bivalve larvae ap­

peared sporadically throughout the year, never comprising more than 

0.7% of the total population.

3. Castle Harbor Deep

a. Total Populations and Biomass (Figure 12)

Mean total numbers of animals ranged from 30,5 1 2 x 10Vm2 

(November 1967) to 118.5 - 11 x 10^/m^ (September 1967) and averaged 

62.2 x lO^/m^. Mean dry weight biomass ranged from a low of 73.0 

mg/min January 1968 to a high of 259.3 mg/m^ in September 1967, 

averaging 141.8 mg/m2. The low number value and the low biomass 

value did not correspond at this station because the November popu­

lation was made up of 5.5% ostracods, while the January sample con­

tained none. The relatively heavy ostracods in the November samples 

increased the dry weight biomass.

Considering the seasonal variation, one notes the maximum or­

ganism-biomass peak in September 1967, secondary peaks in July and 

December 1967, and another major population increase in late spring 

(March-May 1966).

9^.4% of all the animals encountered were found in the upper 

5 cm of sediment. A breakdown of the percent total organisms and 

sediment depth for CHD was as follows : 0-2 cm, 71.7%; 2-5 cm, 22.7%;
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5-7 cm, U.5%; anü >7 cm, 1.1%. Animais collected at CHD included 

nematodes, narpacticoid copepods, klnorhynchs, priapulids, ostracods, 

halacerids, bivalve larvae, cumaceans, polychaetes, amphipods, 

tanaidaceans, ourbellarians and isopods. Appendix A2 is a complete 

listing of the fauna encountered at CHD.

b. Harpacticoid Copepods (Table 6)

The harpacticoids averaged 6.0% ol the total population and 

only once comprised more than 20%. An increase in percentage har­

pacticoids did not necessarily mean an increase in the total fauna, 

although this relationship did hold true for the September samples. 

(Note November percent harpacticoids, Figure 13, and relatively low 

total population values, Figure 12.) Overall the harpacticoids com­

prised d.8% of the total dry weight biomass.

Thirty-seven species of harpacticoids were collected at CHD. 

Stenhelia (D.) n. sp. was the most abundant form and made up 16.8% 

of all harpacbicoids collected. This was followed by: Typhiamphi- 

ascus lamellifer (Sars), Id.9%; Ectinosoma dentatum, 12.0%; Cle- 

todes dissimilis (Willey), 9.8%; and Enhydrosoma propinquum (Brady), 

9.6%. The remaining 32 species were responsible for 36.9% of tie 

total population. The five most abundant species, with the exception 

of E. dentatum, were forms endemic to CHD. Periodically these forms 

were encountered elsewhere, but never more than 1 or 2 per sample. 

Again, as at CHS, one must note the total number of individuals iden­

tified and consider this when analysing the individual species per­

centage distribution curves. 97.8% of all the harpacticoids collected 

at this station were found in the upper 2 cm of sediment and the
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remaining 2.2% in the 2-5 cm segment. No harpacticoids were found 

below 5 cm.

(1) . Stenhelia (D.) n. ap. (Figure Hi)

A systematic description of this species is currently in pre­

paration. ihis species was present throughout the sampling period 

except in November 1967 and January 1968. Stenhelia (D.) n. sp. 

was most prevalent in June 1967. It gradually declined in July and 

August, reached a secondary abundance peak in September, gradually 

declined to low winter levels and reached another secondary abun­

dance peak in February, only to level off in March, April, and May.

(2) . Typhlamphiascus lamellifer (Figure lli)

This species had previously been recorded from Norway, Iceland 

and Sweden. T. lamellifer reached its maximum density in January 

1968, when it was responsible for 33.3% of the total copepod popu­

lation. Secondary abundance peaks were recorded in July and October 

1967 j the lowest value (6.5%) in March 1968. During the remainder 

of the survey, T. lamellifer comprised 10-20% of the copepods.

(3) . Cie to des dissimilis (Figure lli)

Willey (1935) originally described this species from Bermuda. 

The species has not been recorded elsewhere and may well be a font 

strictly endemic to the Bermudas. Except for one anomalous indivi­

dual recorded from CHS in September 1967, this species was restricted 

to CHD during the meiofaunal survey. However, the author has col­

lected C. dissimilis associated with the coral Occulina diffusa in 

other parts of Castle Harbor. A somewhat regular seasonal cycle 

was recorded with —ri percent abundance in December 1967 (41.0%)
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and a secondary abundance peak ()9.1%) in July 1967. During the 

remainder of the year the percent abundance of C. dissimilis 

gradually increased to and decreased from the peaks.

(4) . Ectinosoma dentaturn (Figure 14)

E. den ta turn reached its maximum abundance in March I960 (26.9%), 

after a gradual population increase from the October low of 5.5%. 

The low value was recorded in June 1967 and the period from March 

to May 1968 appeared to be approaching this level.

c. Nematodes

Nematodes were the most abundant form comprising 83.5% of the 

total numbers and 79.4% of the total dry weight biomass. Percentages 

for nematodes and harpacticoids are shown in Figure 13.

Ninety-seven species were identified from CHD fAppendix B2). 

The four most abundant species, ilnohomoeid (l.o.) (34.8%), Come- 

soma sp. 2 (8.3%), Paracomesoma sp. 2 (6.4%), and Domesoma sp. 

(5.7%), made up 55.2% of the nematodes collected from this study 

station. The remaining 91 species comprised 44.8% of the total 

number identified.

Einohomoeid (l.o.), a selective deposit feeder, accounted for 

the preponderance of Group 1A when the nematodes were divided into 

their respective feeding groups. The two deposit feeding Groups 

(1A and IB) were the most prevalent. Overall Group 1A was respon­

sible for 60.1% of the fauna; Group IB, 23.1%; Group 2A (epistrate 

feeders), 4.2%; and Group 2B (omnivore-predators), 12.6%. The 

selective deposit feeders (1A) were the dominant forms collected 

in all months except November, when the non-selective deposit feeders
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(IB) composed 41% of the fauna. Omnivore-predators (2B) were always 

third in abundance except in October when they were second. The 

epistrate feeders (2A), unable to scrape the very fine sand silt­

clay sized particles evident at CHD, were an uncommon inhabitant 

at this station, never comprising more than y% of any monthly sam­

ple. Figure 15 illustrates the seasonal trend of the feeding groups 

as well as the overall percentages.

As with CHS, all species of Bubostrichus encountered were 

covered with the blue green epiphyte Schizothrix calcicola.

d. Other Taxa

Some of the most interesting minor taxa encountered in the 

survey were found at this station. Besides the standard inhabitants, 

polychaetes, ostracods, etc., a kinorhynch Centrode res spinosus 

(Reinhard), a priapulid and three species of halacarids were common 

inhabitants.

Centroderes spinosus was present on every sampling date except 

January. Maximum numbers were encountered in September, when £. 

spinosus comprised 2.0% of tne total population. (See Appendix A2 

for actual enumeration.) Overall, kinorhynchs were responsible for 

1.1% of the fauna and were fifth in abundance (excluding the nema­

todes with blue-green algae from the ranking).

The priapulid (Figure 16) encountered at this study station 

is currently the subject of an intensive study by Ur. Robert H. 

Higgins, Marine Biological Laboratory, Woods Hole. the organism 

is modified for its burrowing (interstitial ?) mode of existence 

by the presence of its retractable proboscis, elongated caudal res-
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Figure 16. New priapulid: A) adult - 35x R) 
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piratory tree and reduced size. The org^^xiB cannot be identified 

to species and it is suspected that a new class or order will have 

to be constructed- to include it. The organism was present every 

month and most abundant in April, when it was responsible for U.7% 

of the total population. Overall, the animal was fourth in abun­

dance and accounted for 2.0% of all the animals collected. The 

larvae were also encountered in the survey and are enumerated along 

with the adults in Appendix A2.

Polychaetes were also quite common at CHD. They were present 

throughout the survey, ranked fourth in overall abundance and made 

up 2.6% of the total population.

Ostracods occurred sporadically throughout the year at low 

levels of abundance. In November, when the total population was 

at its lowest, ostracods reached wieir peak, comprising 5 = 5% of the 

total population and 26.6% of one dry weight biomass.

Halacarids were found nine of the twelve months. Three spe­

cies were common, Copidognathus pulcher, Copidognathus n. sp., and 

Pontarachna n. sp.

1*. Baileys Bay Coarse

a. Total Populations and Bjoaass (Figure 1?)

The highest mean population value was recorded in April (133.2 

-lx 10^/m2), the low value in December (21.8 - 3 x l(ÿ*/m2). Dry 

weight biomass maxima and minima were recorded during the same 

months, 22^.7 mg/m^ (April) and 1*7.1 mg/m^ (December). The mean 

total population value was 62.0 x 10^/m^, the mean dry weight bio­

mass 121.5 mg/m^.
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High total population values were also recorded in June. Fol­

lowing the June value, the populations dropped to 47 x 10^/a^ in 

July and fluctuated around $0 x lcA/m^ during the "Summer Condition" 

(July-October). The population then decreased to the low December 

value and gradually increased to the high April peak. Dry weight 

biomass conformed to the same cycle, except for a distinct polychaete 

dependent peak in September.

65. 1% of all fauna collected was located in the upper 2 cm of 

sediment, 26.5% between 2-5 cm, 6.^ between 5-7 cm and 2.0% below 

7 cm.

Organisms encountered at BBC included nematodes, harpacticoid 

copepods, polychaetes, ostracods, halacarids, bivalve larvae, tur- 

bellanans, amphipods, pria pul ids, oligochaetes, prosobranchs, and 

isopods (Appendix A3)»

b, Harpacticoid Copepods (Table 9)

Overall the harpacticoids accounted for 48.6% of the total num­

bers and 29.4% of the dry weight biomass. Except for anomalous 

August samples, the harpacticoids were the dominant organisms during 

the "Sumer Condition." From December to March, the harpacticoids 

were second in abundance and nematodes dominated the populations. 

With the return of the "Summer Condition" in April, the harpacticoid 

copepods once again became the most abundant form (Figure 18, per­

cent abundance nematodes and harpactidoids).

Forty-one species were collected at BBC during the course of 

the study. Phyllopodopsyllus herma ni mihi was by far the most dom­

inant species encountered, comprising 62.6% of all copepods. Para-
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laephont« brevirostris fisairostris (Willey) (6.6%), 0rthopsylloa 

linearia (Claus) (6.0%), and Ectinosoma déniatun (U.8%) were alao 

significant members of the copepod population. The remaining 38 

species accounted for the residual 20.0%.

Figure 19 indicates the percent abundance and seasonal cycle 

of the four most abundant species. It should be noted that the 

October species breakdown (Table 9 and Figure 19) includes both 

the BBC and BBF samples. Therefore, the October listings in Table 

9 (BBC) and Table 10 (BBF) are exactly the same, as are the Octo­

ber percent species abundance curves in Figure 19 and 23.

(1) . Phyllepodopsyllus hermani (Figure 19)

This previously undescribed species, in addition to being the 

most abundant copppod at this study station, was the most prevalent 

species encountered in the overall survey. Peaks of abundance ec- 

curred in October and April. High percentages of unidentified 

nauplii were collected in September and March, and it is likely 

that these were young P. hermani. This is further substantiated 

by the April samples where high percentages of identifiable imma­

ture P. hermani were collected. The significance of the January 

peak (Figure 19) is questionable because of the low total popula­

tion present. Minimum values for P. hermani were recorded in 

November and December.

(2) . Paralaophante brevirostris f. (Figure 19)

Because of the dominance of P. hermani, the abundance of other 

species is somewhat overshadowed. P. brevirostris f. was present 

in every collection but comprised only 6.6% of the copepod population
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Maximum abumdance was reached in February when it was the most abun­

dant species encountered. The remainder of the year, the percent 

abundance values fluctuated near the 6.6% mean.

(3) . Orthopayllus linearis (Figure 19)

Ranking third in overall abundance, 0, linearis was prevalent 

in every sample and abundance peaks in June and February were re­

corded. This species was often found covered with an episode 

ciliate. Investigations of the occurrence and ciliate systematics 

are currently in progress.

(4)« Ectinosmma dentatum (Figure 19)

Two abundance peaks were noted for this ubiquitous species. 

During August and December, E. dentatum made up 18% of ^pepod 

population. The periods between the peaks were of low magnitude 

and E. dentatum was not present in February or April.

c. Nematodes

Nematodes comprised 46.7% of the total numbers and 54.1% of 

the total dry weight biomass. Numerically, nematodes were the dom­

inant forms only during the "Winter Condition* and anomalous Auguste 

Ignoring August, they comprised 35.1% of the summer fauna and 78.6% 

of the winter fauna.

The seven most abundant species accounted for only 34.7% of 

all nematodes identified, i.e. Meyersia minor (9.2%), Tripyloides 

sp. (5.5%), P rochromadorella sp. #5 (4.5%), Hetachromadora sp. 

(4.0%), enoplolaimid (3.8%), Epacanthion sp. 1 (3.7%), and Pompo- 

nama tesselatum (3.6%). The remaining 94 species were responsible 

for the residual 65.3%. (Appendix B3 lists all nematodes encountered 
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at BBC) again note that, as with the harpacticolds listed in Table 

8, there is no BBC-BBF distinction for October.)

Figure 20 illustrates the seasonal pattern of the nematode 

feeding groups as well as the mean yearly values (Histogram) at 

BBC, Overall the epistrate feeders (2A) and omnivore-predators 

(2B) were found in equal abundance; Group 2A, U1.<I%; Group 2B, 

hl.5%, The deposit feeders, 1A and IB were rarely responsible for 

more than 20% of the total nematodes and averaged 9.3% (1A) and 

8.2% (IB), Seasonally, the epistrate and omnivore-predators fluc­

tuated around the 1)0% level, the deposit feeders around the 10% 

level,

Eubostrichas spp., although not as common at BBC as at ether 

stations, were all covered with the blue-green epiphyte. 

d. Other Taxa

Polychaetes and ostracods were the third and fourth most 

abundant organisms, respectively comprising 2,k% and l.ü% of the 

overall population. Polychaetes were most abundant in September 

when they were responsible for 9.1% of the population. The ostra- 

cod high percentage value was recorded in August (2.7%). The two 

taxa were encountered regularly throughout the year.

Bivalve larvae and halacarids were fifth in overall abundance, 

appeared sporadically throughout the year and never made up more 

than 1% of the population in any given month.

5. Baileys Bay Fine

a. Total Populations and Biomass (Figure 21)

Numbers per m? reached the highest station value in September
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(89.U -1 111 z 10^/m^) $ the lowest value occurred in December (12.3 - 

1 x 10^/m^). The dry weight biomass maxima and minima were recorded 

in February (173.0 mg/a?) and December (26.2 mg/n/). The yearly 

mean population was U6.li x lO^/m^, the mean dry weight biomass 93.1 

mg/m2.

An irregular seasonal pattern, as evidenced in Figure 21, per­

sisted. The two high abundance peaks in September and February were 

followed by abrupt decreases in numbers and biomass. Low "Winter 

Condition" (except February) values were recorded. Secondary peaks 

of abundance were evident in June and April, only to decrease the 

following months to relatively low levels. Following the June secon­

dary peak (62.9 1 12 x 10^/m2), the population gradually decreased 

to an August low (25.1 -lx loVm2) and increased to the September 

survey maximum. Population density then dropped to a statistically 

invalid October low, which was followed by a questionable November 

increase. Considering the variations within samples, it is possible 

that a gradual population decrease was prevalent during the period 

from September to January. The February, March, April, May series 

were very irregular, with variations within samples negligible.

Vertically, 69.9% of all the fauna was located in the upper 2 

cm of sediment, 22.9% between 2-5 cm, 5.5% between 5-7 cm, and only 

1.7% below 7 cm.

Nine taxa were encountered at BBF. Nematodes and copepods were 

the dominant forms. Polychaetes, ostracods, halacarids, priapulids, 

bivalve larvae, turbellarians, and amphipods were also found. (Ap­

pendix Ali lists the monthly mean numbers of each taxa. )
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b. Harpaeticoid Copepods (Table 10)

Overall the harpacticoids comprised 39.1% oi all animals col­

lected and 20.8% of the ary weight biomass. Harpacticoids were 

the dominant forms encountered in November, April ana May. All 

other times the population was dominated by nematodes (Figure 22).

Thirty-eight species of narpacticoids were collected. As 

with BBC, Phyllopodopsyllus hermani was by far the most abundant 

form, comprising 7^.7% of all toe copepods. Paralaophonte bre— 

virostris f. (5.2%), Ectinosoma dentatum (3.2%), DanielssenAa n, 

sp• (2.U%), and Bulbamphiascus imus (Brady) (2,U%) were also im­

portant members of the population. The 3h remaining species were 

responsible for the residual 12.1%.

The percentage abundance for four of the five dominant species 

is depicted in Figure 23. Again, the BBF and BBC values for spe­

cies distribution are exactly the same for October.

(1) . Phyllopodopsyllus hermani (Figure 23)

This species was the dominant form encountered in all but 

June, July and August. The remainder of the year P. hermani per­

cent total copepod values fluctuated around the 80% mark. Although 

P. hermani was responsible for 66% of the December and January popu­

lations, the number actually encountered was approximately the same 

as in June, July and August (Table 10).

(2) . Paralaophonte brevirostris f. (Figure 23)

After the 28.5% abundance peak in July (the maximum value for 

this species), a gradual population decrease occurred. The popula­

tion fluctuated at low levels the remainder of the year. P.



82

m 
Q

I

« 
%

ifl o
« • on

s :

rd

Cd

8

» fl fl 
d

o 
H 
O

Q

9 Pm

o

to 
I

u ■* 
& 
5

r- A 
sO ® 

Ox A

Ss 
.3 o tn

9 c

h A V



83

TABLE 1 0 .  HARPACTICOID COPEPODS, -  ACTUAL NUMBERS ID EN TIFIED  ( C o m . )

11

o
 

o



8U

B B F ----------%  N e m a to d e s

C
O

 
C

D
 

en

œ
 

TJ 
oC

l 
C

D
 

C
L

 

O^
0

 
(
P

o
u

n
o

jo
iô
 

|D
|0

1
 

%

♦ 
\

CM

F ig u re  2 2 .  BEF -  Nem atode  a n a  co p ep o d  p e r c e n ta g e s  o f  t o t a l  p o p u la t io n



85

IT’

Phyllopodopsyilus bermani Eclm ow m a  dentatum

o
 

o

I ? s s86I

3
3
N

V
a
N

H
9
V
 

7
.

F ig u r e  2 3 .  BBF -  P e r c e n t  ab u n d an ce  i n d i v i d u a l  h a r p a c t i c o i d  s p e c ie s  b a s e d  on  t o t a l  
co p ep o d  p o p u la t i o n s .



86

bravi reatria f.waa present in all but the January samples.

(3) . Ectinosoaa dentatum (Figure 23)

E. dentatum followed the same pattern as P. brevirostris f<I 

maximum abundance in June, July and August, followed by very low 

level fluctuations the remainder of the year.

(I*), Danielssenia n. sp. (Figure 23)

Danielssenia n. sp. is one of the subjects of a systematic 

manuscript being prepared by the author. He discernible seasonal 

pattern was evident. This species was present in all but the June 

and December samples.

c. Nematodes (Figure 22 - nematode and copepod percentages) 

Except for the three months (November, April and May) when 

the harpacticoids dominated, the nematodes accounted for the bulk 

of the population (total numbers - 56.8%, dry weight biomass - 

66.5%).

83 species have been identified from BT. The four most com­

mon species accounted for 26.1% of all those collected. With the 

data available, it appears that no particular species was the dem­

inant form. The four most abundant species were: Theristus 

floridanus (9.5%), Chromadorella sp. (5.8%), enopolaimid (5.4%), 

and Metachromadora sp. (5.4%). 79 species comprised the remaining 

73.9% (Appendix B4 for all those identified from BBF).

Epistrate feeding (2A) nematodes were overall the most copious 

forms (40.1%), omnivore-predators were second (31.2%), non-selec­

tive deposit feeders third (17.2%), and selective deposit feeders 

fourth (11.5%) (Histogram, Figure 24). Seasonally, epistrate
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feeders were the predominant fora encountered in all but three 

months, August, September and October. During the three afore­

mentioned months, omnivore-predators (2B) were the prevalent forms. 

Omnivore-predators were usually second in abundance other times 

during the year, but during June and December, were third ranking 

behind the selective deposit feeders (1A). The non-selective de­

posit feeders (IB) fluctuated between the 5-25% level throughout 

the survey, occasionally second in abundance (June and December), 

and sometimes even less abundant (October, March and May). The 

seasonal pattern (Figure 2k) is not as clear-cut as the previously 

mentioned stations because of overlapping of feeding groups.

Ali Eubostrichus spp. identified were those with the blue­

green epiphyte.

d. Other Taxa

Only polychaetes and ostracods occurred in sufficient abun­

dance to warrant mentioning. Polychaetes were present every time 

the station was occupied and comprised 2.2% of all fauna collected. 

Percentage wise the polychaetes were most abundant in September 

(3.7%) and least abundant in February (0.6%). Ostracods were pre­

sent in all but the January samples and were responsible for 1.2% 

of the total yearly population.

6. Trunk Island

a. Total Populations and Biomass (Figure 25)

Mean total population vAlues ranged from 35.2 - h x 10^/m^ 

in July to 102.2 - 3 x 10^/m^ in May and averaged 58.0 x 10^/m2. 

Mean dry weight biomass varied between 80.8 mg/m^ (July) and 210.9
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mg/m^ (May) and averaged 126.7

Beginning with a relatively low population value in June and 

July, the population increased to a statistically invalid secondary 

abundance peak in September. Following tnis, a gradual population 

decrease was observed. The decrease continued through March, after 

which a gradual increase to the high May population value was re­

corded.

The biomass cycle was much the same as the #/m^ cycle except 

for the magnitude of the January and February values. While the 

population decreased slightly, the biomass increased due to the 

increased number of ostracods in the samples (Figure 25).

Of all the fauna collected, 6U.h% was found in the upper 2 cm 

of sediment, 25.0% in the 2-5 cm segment, 8.b% in the 5-7 cm seg­

ment and 2.2% below 7 cm.

Eight taxa were found at T1 and included nematodes, harpacti- 

coid copepods, polychaetes, ostracods, halacarids, turbellarians, 

bivalve larvae and tanaidaceans. (See Appendix A5 for a complete 

list of the fauna collected at TI.) 

b. Harpacticoid Copepods (Table 11)

Harpacticoids were responsible for 27.5% of all meiofauna 

collected and 15.1% of the total dry weight biomass. With regard 

to total number of organisms, harpacticoids were the major consti­

tuents twice during the survey: December (50.8%) and May (53.3%) 

(Figure 26), but, in terms of biomass, were the predominant form 

only in May (UJ.8%). The nematodes comprised 5b.2% of the biomass 

in December, the harpacticoids 35.5%.
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TABLE 1 1 .  HARPACTICOID CuPEPODS, T I  -  ACTUAL NUMBERS ID EN TIFIED  ( C e n t , . )
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Thirty-en# species have been identified from this study station. 

Phyllopodopeyllus hermani was the major form found every time the 

station was occupied and was responsible for 68.1$ of all the cope­

pods collected. Other copepods of importance were: Praeleptomesochra 

africana (6.6%), Danielssenia n. sp. (U.8%) and Paralaophonte bre- 

virostris f. (3.8%). The remaining 16.7% of the copepods was made 

up by 27 species (Table 11).

(1) . Phyllopodopsyllus hermani (Figure 27)

P. bermani was always predominant, reaching its low value in 

June (22.5%). After June, the percent composition gradually in­

creased to the highest value recorded ( December, 81.5%) • Following 

the December peak, the percentage dropped to a secondary February 

low, only to increase to the 70% mark in March and fluctuate around 

this Jine for the remainder of the survey.

(2) . Praeleptomesochra africana (Figure 27)

After fluctuating at low levels for the first seven months of 

the survey, f. africana reached its maximum percent distribution in 

January (15.2%). The spècies was absent in March, but increased to 

secondary abundance peaks of 9.U% and 12.2% in April and May respec­

tively.

(3) . Danielssenia n. sp. (Figure 27)

This species reached maximum abundance in February (11.8%). &e 

population densities vacillated regularly between 2 and 10%, and no 

seasonal pattern could be detected.

(h). Paralaophonte brevirostria f. (Figure 27)

P. brevinostris f. was most abundant in June, when it was rm-
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sponsible for 16.5% of all the copepods encountered. A gradual 

population decrease was evident throughout the year.

c. Nematodes

Except for the two months when harpacticoids dominated (Decem­

ber and May), the nematodes were the most abundant forms encountered. 

Overall they were responsible for 66.6% of the total numbers and 

68.3% of the dry weight biomass (Figure 26).

Ninety—five nematode species were identified from T1. The 

four most abundant species made up 42.1% of all the nematodes iden­

tified, i.e. Comesoma sp. #2 (22.2%), Paradesmodora sp. #1 (7.4%), 

Comesoma sp. (7.1%), and Theristus sp. #4 or 5 (5.4%). The resi­

dual 57.9% consisted of the 91 remaining species. (Appendix B5 lists 

all those nematodes collected at TI.)

Epistrate feeders (2A) were, by far, the most numerous group 

apparent and accounted for 48.8% of the total nematode fauna. The 

omnivore-predators (2B) were second in abundance at 25.3%, while 

the two deposit feeding Groups (1A and IB) were third and fourth in 

overall abundance at 13.1% and 12.8% respectively (Histogram, Figure 

28). Seasonally, the same pattern existed, with the epistrate fee­

ders always comprising more than 40%, the omnivore-predators fluc­

tuating around the 25% line and the two deposit feeders alternating 

in dominance between 8% and 20%. There was no overlapping of feeding 

groups, except with the selective - non-selective deposit feeding 

forms (Figure 28).

The Schixothrix calcicole bearing Eubostrichus spp. were co—en 

TI inhabitants appearing in 9 of the 11 samples. The fonxs were
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most abundant in October and November when they were responsible 

for 3.9 and 3.8% of the total population and 4.8 and 5.7% of all 

the nematodes.

d. Other Taxa

Polychaetes were present in all 3amples, and were most common 

in September (U.h% of total population). Overall, polychaetas 

averaged 2.1% of all the meiofauna. Ostaacods were another regular 

TI denizen. They were most prominent in late winter and early 

spring, e.g. they comprised 4.5% of the February fauna and, over­

all, 1.5% of the total population. During most of the year, bivalve 

larvae appeared sporadically. Only in May, after a large March- 

April increase in Harrington Sound meroplankton (Herman and Beers, 

in press), were they found in abundance. (Appendix A5 lists all 

forms encountered at TI. )

7. Devils Hole

a. Total Populations and Biomass

As illustrated in Figure 29, the following pattern existed: 

0.2 to 0.9 x 10V»2 organisms present during June, July and August; 

no organisms present in September-October; another 0.2-0.9 popu­

lation level until March-April; and then a late spring population 

increase (15.0-26.8 x 10^/m2). The population remained at the high 

spring levels for but a short time and, by late June, had dropped 

to the 0.2-0.9 x 10^/m2 level. Samples procurred during the two 

year preliminary survey had indicated that the cycle was not atypi­

cal since the same pattern prevailed. Total numbers of animals 

ranged from • (September) to 28.6 x 10^/m^ (June 1968) and dry weight
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biomass from 0 to 56.0 mg/e^.

During the summer when this study station was devoid of meio­

fauna, several series of samples were taken on a transect which 

started in the Sandy Zone, traversed the Occulina Zone and termi­

nated in Devils Hole (the subthermocline Zone). Five sub-stations 

were established along the transect: (1) Sandy Zone (5 ■), (2) Up­

per Occulina Zone (12 ■), (3) Lower Occulina Zone (17 ■), (h) Up­

per Devils Hole (21 a), and (5) Devils Hole (26.5 »)• ^he results 

of the September transect are given in Table 12.

TABLE 12. 15 SEPTEMBER 1967, POPULATION VALUES: 
TRANSECT FROM SANDY ZONE TO SUBTHERMOCLINE ZONE,

Station

HARRINGTON SOUND

Depth (m) # z IQ^/m2

S.Z. 5 50.6
u.o.z. 12 18.6
L.0.Z. 17 18.9
U.D.H. 21 3.6
D.H. 26.5 0.0

The greatest population was found in the Sandy Zone. The two 

Occulina Zone stations were essentially the same, but 2-3 times 

lower than the Sandy Zone values. The values for Upper Devils 

Hole area was 5-6 times lower than those of the Occulina Zone and 

no organisms were found in Devils Hole proper.

b# Harpacticoid Copepods (Table 13)

Harpacticoids averaged U.9% of the total population and 2.7% 

of the total dry weight biomass and never comprised more than 8.0% 

of the total numbers. Only three species of harpacticoids were 

found at Devils Hole: Longipedia belgolandice (Klie), Enhydrosoma 

propinquum and Paradactylopodia brevicornis (Claus).
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TABLE 13. HARPACTICOID COPEPODS, DH - ACTUAL NUMBER IDENTIFIED

TotSpecies 23 Apr. 1968 16 May 1968 3 June 1968

L. helgolandica (Klie) 5 11 6 22
P. b revicornis (Claus) 1 1 * 2
K. propinquum (Brady) 3 5 11 19

The samples obtained on the Sandy Zone—Devils Hole transect, 

when sorted, allowed some interesting harpacticoid comparisons. The 

percentage of copepods decreased as one progressed into deeper wa­

ter. The percent harpacticoids encountered in each Zone was as 

followsî (1) S.Z. (8.2%), (2) U.O.Z. (3.1%), (3) L.O.Z. (2.7%), 

(11) u.D.H. (0.0%) and (5) Mi (no animals). Those species encoun­

tered in the Sandy Zone were much the same as those present at the 

sandy study stations, i.e. Phyllopodopsyllus hermani, Robertgurneya 

rostrata (Gurney), Orthopsyllus linearis, Paralaophonte breTirostris 

f., Useira parvula (Claus), Robertsonia knoxi (Thompson and *. Scott) 

and Longipedia helgolandica. The Occulina Zone samples harbored 

but three species, Bulbamphiascus imus, Longipedia helgolandica and 

Enhydrosoma propinquum.

c. Nematodes

Whenever the DH population density ranged from 0.2 to 0.9 x 

10^/m2, nematodes were the only organisms found. When the popula­

tion increased during the spring, nematodes were responsible for 

92.5% of the total numbers and 87.9% of the total dry weight bio­

mass.

Thirteen species of nematodes have been identified from the 

spring Devils Hole samples. Pseudochromadora sp. (36.7%) and Thor— 

istus sp. (28.3%) were the most important members found, while eleven 
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species comprised the remaining 25.0%. Pseudochromadora sp. was 

endemic to Devils Hole and was not recorded from any other study 

station. (Appendix 86 lists the April and May DH nematode fauna.)

Based only on the April and May samples, the deposit feeding 

nematodes were by far the most copious form (90% of all nematodesi 

47.0%, Group 1A; 43.0%, Group IB). ^pistrate feeders were not 

found and omnivore-predators composed the remaining 10.0%.

The nematodes found during the transect portion of the survey 

were not identified to species or separated into feeding groups. 

Generally, the percentage of nematodes increased as the water be­

came deeper. At Upper Devils Hole, all of the population was 

nematode.

d. Other Taxa

Occasionally, polychaetes and ostracods were found during the 

spring population increase. Polychaetes were present in April 

(3.3% of total number) and May (1.4%), while ostracods were present 

in the May and June samples. Three small gastropods were also 

found in the June 1968 samples.

8. Diversity Analyses

The analysis of diversity at each station has been restricted 

to the harpacticoid copepod fraction of the samples. Since suffi­

cient numbers of individuals were not available during certain 

periods of the year, the resultant diversity curves are based on 

the yearly total number of species and individuals at each station.

The yearly curves depicting the general diversity classifica­

tion of the particular stations are shown in Figure 30. CHD was
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the most diverse station and CHS the least diverse. When the CHS 

and CHD diversity curves were plotted on a monthly basis, the shapes 

of the curves were similar to those in Figure 30.

The curves for BBC and BHF were not the same throughout the ■ 

year. Due to the lack of sufficient data in some of the months only 

speculation as to the validity of the resultant curves is possible. 

Generally, however, the fauna was more diverse during the "Summer 

Condition” and less diverse during the "Winter Condition” at BIF. 

The opposite was true at BBC in that the "Winter Condition” harpac- 

ticoid fauna was more diverse than those of the "Summer Condition.”

The TI curves were consistent and the yearly 'mean curve de­

picted in Figure 30 shows an excellent example of the species di­

versity evident.

Sufficient data was not available from the two months copepods 

were present in DH to allow diversity analyses.

9. Laboratory Experiments

The results of the March laboratory experiment employing sand 

retained on the 0.5 mm sieve on one side of the aquarium and that re­

tained on 0.125 mm sieve on the other are tabulated in Table 14. 

The experiment was conducted over a period of 66 hours ; subsamples 

were collected at 5, 44 and 66 hours. The numbers listed under 

"Total #" in the Table are the total number of organisms counted, 

i.e. the sum of all the subsamples taken at different time intervals 

after initiation of the experiment.

The results of the April experiment, when 2.0-1.0 mm sand was 

used in one side of the aquarium and 1.0-0.5 mm sand in the other
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are shown in Table 15.

In both Aquarium Experiment I and II, the greatest number of 

organisms (especially the harpacticoids) was found in the sand 

retained on the 0.5 nan sieve. P. hermani, the predominant meio- 

benthic harpacticoid in Bermuda, was very abundant in the 0.5 mm 

sands and almost non-existent in the 0.125 mm (Experiment 1, March) 

and 1,000 mm (Experiment II, April) sands.
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Sediment Size

TABLE 11. MEIOFAUNA AQUARIUM EXPERIMENT I
Taxa and Number of Animals Found Inhabiting Two Different 

Sized Sediments (1.000-0,500 mm and 0.250-0.125 mm)

1.000 «-0.500 mm 0.250 ram-o.125 mm
Taxa Total # Taxa Total #

Nema to da 28 Nematoda 1U
Ostracoda 5 Ostracoda 1
Polychaeta Ü TurbeIlaria 3
Harpacticoida 73 Harpacticoida 12

P. hermani U2 L. macronyx U
t. helgolandica h L. helgolandica 3
B. Laus U E. deniaturn 1
R. knoxi U Danielssenia n. sp. 1
copepodites h R. rostrata 1
0. linearis 3 A. cinctus 1
H. he glee tern 3 copepoSite 1
N. affinis 2
E. deritaturn 1
F. brevirostria f. 1
A. cinctus 1
R. rostra ta 1

table  15. meiofauna  aquarium  experiment  11
Taxa and Number of Animals Found Inhabiting Two Different 

Sized Sediments (2.000-1.000 ■ and 1.000-0.500 mm)

Sediment Size

2.000 om-1.000 ami 1.000 mm-O,5OO mm
Taxa Total # Taxa - Total #

Nematode 113 Nematoda lh9
Ostracoda 52 Ostracoda 8
Polychaeta 2 Polychaeta 1
Harpacticoida 21 Harpacticoida 93

L. helgolandica 5 P. hermani A3
copepodites U t. helgolandica 11
P, spineea 3 P. brerirestris f. 8
0. linearis 3 copepodites 6
R. rostrata 2 B. Imus 5
P, hermani 1 0. linearis h
P. breTirostris f. 1 Danielssenia n. sp. 3
E. dentaturn 1 E. dentaturn 3
Tisbe sp. 1 h. neglectum 1

A. cinctus 2
Amsira sp. 2
Cyclopoida 1
? 1
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IV. DISCOSSIOM

A. Specie* Distribution and Seasonal Fluctuations

1. Castle Harbor Shallow (CHS)

The Castle Harbor Shallow fauna was typically reminiscent of 

beach psamon. The seven major inhabitant copepods, with the 

exception of Ectinosoma den ta turn, were morphologically adapted 

for navigating the minute interstitial lacunae. The fine CHS 

sands, of uniform size, actually had much interstitial space, 

but because of the reduced size of the pores, the circulation of 

water between the grains was restricted and the common fauna re­

duced in size. The copepods were small, vermiform (Lepta s ta eus 

macronyx, Praeleptomesochra Africana and Apodopsyllus africanas), 

or flattened and broad (hanielssenia n. sp., Paralaophonte 

b re vires tris f., F. perplexa), and moved primarily by "wriggling" 

or "walking" over the sand grains. These are the true interstitial 

forms and must be distinguished from the two other meiobenthic 

modes of existence 1 "epipelic" (crawling on the sediment surface, 

at the mud water interface) and "endopelic" (burrowing into the 

sediment).

The small, bristle bearing nematodes, common CHS denizens, 

and the periodic appearance of tardigrades and archannelids, typi­

cally psammic representatives (Wieser 1959a, Delaware Deboutteville 

I960) further substantiates the CHS-beach fauna affinities. There 

are no available data on the interstitial fauna of the beaches of 

Bermuda ; a CHS-beach fauna comparison might prove enlightening.
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Wieser (1959c) establishes median grain sise limitations for 

different representatives of the psamic environment. He asserts 

that sand with a median grain aise of 200p is the lower limit for 

the "interstitial" fauna; below 200p "barrowers" are the predomi­

nant forms. Since CHS was the only study station suggesting the 

beach environment, it was the only one to which Wieser's hypothesis 

could be applied. The station mgs was always 200p and, except for 

E. dentatom and some of the other migrant harpaoticoids listed in 

Table 7, the fauna was typically "interstitial." In terms of the 

resident fauna, CHS represented a submerged beach.

The irruptive total population seasonal density pattern illus­

trated in Figure 8 was similar to that of most other stations with 

the exception of the February abundance peak. At all other

stations, BBF excepted, the low total population values were recorded 

during the winter, while the maximum abundance at CHS was recorded 

during February. This population increase was primarily dependent 

on the increased nematode fauna, particularly Mo no po s thia sp., and 

to a lesser extent on the harpacticoid Praeleptomesochra africana. 

Although the September peak was statistically invalid, a population 

increase peak during this month was cowmen occurrence at most other 

stations.

Although the February total population peak was inconsistent 

with most of the other study stations, the inverse correlation 

between water temperature and maximum nematode numbers is not unusual 

as Hopper and Meyers (1967b) recorded the same phenomenon in Biscayne 

Bay, Florida.
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The copepod, Praeleptomesochra africana, reached its maximum 

abundance in February (Figure 10), and the inverse water temperature­

abundance relationship was present. At TI, the only other station 

where P. africana occurred in abundance, a similar January-February 

peak could be found.

The CHS environment, during the winter months, was under severe 

physical stress as evidenced by the increased ripple size. The 

predominant northerly winds, traversing all of Castle Harbor, agi­

tated the shallow bottom continually. It is likely that the two 

abundant forms, the nematode Monopostnia sp. and the harpacticoid 

P. africana were the only forms able to cope with and flourish 

during the winter conditions.

The presence of relatively few harpacticoid species, as well 

as the succession pattern (Figure 10) is evidence of environmental 

homogeneity. Gause (193U) contends that two or more species cannot 

occupy the same niche simultaneously. If a particular taxonomic 

group is dominated by one species, the habitat is considered homo­

geneous, i.e., one niche. However, if several species are of equal 

abundance, the presence of different niches within the habitat is 

indicated. There appeared to be only one available copepod niche 

at CHS: the niche was always occupied, not necessarily by the same 

species, but rather by different species at specific times. This 

niche was first dominated by one species and then followed by another, 

whose breeding cycle and/or physiological needs were best satistied 

under the environmental conditions which followed.

Environmental homogeneity was not indicated when the nematode
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population was analysed. Several species were present in relatively 

equal abundance each time the station was occupied. Wieser (I960) 

found three or four more or less equally dominant nematode species 

in the sandy substrates in Buzzards Bay, and suggested that the 

sandy habitats were heterogeneous with respect to the nenatode fauna. 

Indeed, the division of the CHS habitat into different nenatode 

niches was indicated.

2. Castle Harbor Deep (CHP)

This sandy-silt sediment contained a distinct faunal assemblage. 

The fauna was primarily endopelic, with some epipels, but devoid of 

the interstitial components. All of the major harpacticoids were 

modified for the two major modes of existence. The predominant

Diosaccidae (Stenhelia (D. ) n. sp., Roberts onia knoxi, Bulbamphiascus 

isms, Typhlamphiascus lamellifer) and Ectinosomidao (Ectinosoma

dentaturn, Halectinosoma abrau, H. sarsi) were all large (greater

than 0.6 am) and broadened at the cephalothorax, for the burrowing 

node of existence. The Cletodidae, Cletedes dissimilis and Enhydro- 

soma propinquun, were the common epipels. Elongation of the limbs 

and furca allowed these species to crawl over the surfaoe of this 

almost fluid mid without sinking.

The CHD nematode fauna was also characteristic of those found 

in md bottoms. The elongated, spiraled linohomoeid (l.o.) and the 

phylogenetic* Uy related Comesomatidae (Conesoma sp. 1, Commsoma sp.

2 and Parenimeeomm sp. 2) were typical mnd-dwelling, burrowing nema­

todes. Wieser’s (I960) Buzzards Bay survey has also indicated that 

species phylogenetically related to the above species were mud 
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dwellers. Linhomoeus buculentus and representatives ol' the Gome- 

somatidae (Sabateria hirlarula, S. omaua, d. vulgaris ) were more 

abundant at his silt-clay station than at his sandy stations.

The various population density peaks (Figure 12) were due to 

increases in the different groups throughout the annual cycle 

(Appendix A2). Except for July, where sufficient data are not 

available, every nematode peak appeared to be related to the den­

sity of linohomoeid (l.o.). The September and late spring peaks 

recorded in Figure 12 are statistically valid; variations within 

the December and July samples were too great to warrant any conclu­

sions. Disregarding the two months with large standard deviations, 

a regular seasonal cycle was evident. Minimal population and 

biomass values were well correlated with minimum temperatures. 

The spring peak was most likely related to warming waters and the 

triggering of the reproductive cycles, as evidenced by an increased 

number of copepod, nematode and priapulid larvae. Two factors 

stand out as being significantly different in September: (1) Beers 

and Herman (in press) report chlorophyll a concentrations (which 

they equate with phytoplankton standing crop) highest in September 

and (2) the sedimentary organic carbon values (Table 1) recorded 

during the present study were highest in September. If the increased 

phytoplankton and/or sedimentary organic carbon were not responsible 

for the population increase, then it is likely that some other un­

detectable intrinsic population control or environmental parameter 

not measured was involved. Regardless of the cause, the September 

peak was common at most other study stations and a similar population
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increase was recorded at CHD in 1966 during • quarterly sampling 

program.

The interspecific seasonal fluctuations of the copepods (Figure 

14 and Table 8) illustrate that the population was rarely dominated 

by one species. Even when the total yearly values are used, there 

is only a 14.5% difference in the first ranked species, Stenhelia 

(D.) n. sp., and the tenth ranked species, Enhydrosoma stylicaudaturn, 

and a 7.1% difference in the abundance values of the first and fifth 

ranked species, Enhydrosoma propinquum. (See Table 8, page 59, for 

actual numbers.) The indication of enviromental heterogeneity, more 

than one available niche, is evident. Associated with the species 

diversification is the unique seasonal succession pattern. Although 

rarely completely absent from the fauna, each species alternated 

(successionally) as the dominant form. The two most obvious CHD 

copepod niches were the endopelic and epipelic. The harpacticoids 

occupied both niches and possibly others which have not yet been 

described.

At CHD, where relative equal abundance of several harpacticoid 

species indicated different niches, the nematode fauna indicated 

the opposite. This fauna was dominated by linohomoeld (l.o.). 

Wieser's (1960) analyses of the Buzzards Bay nematode population 

were similar, one dominant species at the mud stations (in this 

survey, CHD-DH), and several equally abundant species at the sand 

stations, suggesting the occurrence of a varied and different as­

sortment of nematode niches.

3. Baileys Bay

As illustrated in Figure 5, the dye marked surnamer bottom tidal 
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currents flowing into the bay fastidiously avoided the g ras3 beds 

and flowed only over the sand patches. Bottom current velocities 

of 15 ft./min. were recorded. Dye that had "leaked" out of the 

weighted polyethylene bags and was dispersed on the surface spread 

in a unidirectional sheet over the entire bay, grass beds included, 

at 5-12 ft./min. As previously noted, the BBC sediment was ver­

tically stratified) the coarse material restricted to the upper 

2 cm, the 0-2 cm sorting coefficients below 2, and 0-2 cm silt-clay 

percentages lower than the >2 fraction. It is apparent that the 

bottom tidal flow (15 ft./min.) was scouring the sandy bottom and 

removing the fine silt-clay material purely by mechanical means. 

With the removal of the finer material from the top 2 cm of 

sediment, the resultant sediment was a well sorted coarse sand. 

Evidence that the scouring process is not effective below 2 cm 

was the higher silt-clay percentages and the prevalence of finer 

sediment (medium sand, similar to that at BBF).

It has been established that a seagrass community is effective 

in modifying sediment deposition by stabilising the sand-sized 

material and trapping fine sediments through the baffle effect 

(Ginsburg and Lowenstam 1958, Odum 1966). The data available from 

this survey are in agreement. The grass beds at BBF trapped the 

finer silt-day particles as evidenced by the BBF "Summer Condition" 

silt-clay percentages, grain size distribution curves and median 

grain size.

The "Summer Condition" sediment distribution pattern remained 

until a directional change in the predominating winds. The predomi-
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nant "Winter Condition" northerly winds maintained the shallow bay 

in turmoil. Suspended sediment, rippled bottom, increased sorting 

coefficients, increased silt-day sized particles and the removal 

of 3-5 cm of sand at BBC as well as the "covering over" and reduced 

silt-clay at BBF were the results of the northerly winds.

a. Baileys Bay Coarse (BBC)

The taxa at both stations (BBC-BET) were controlled by the 

environment. At BBC interstitial harpacticoids were the dominant 

forms during the "Summer Condition," whereas nematodes were dominant 

in the winter. Three interrelated factors appear to be significant 

in governing the most abundant form. Firstly, total population 

values dropped during the winter. The lower population values were 

primarily due to the decreased number of harpacticoids and not 

nematodes, in that, the total population-biomass curves (Figure 

17), except for the anomalous August samples, were similar in na­

ture to the percentage harpacticoid curve (Figure 18). Harpacticoid 

percentages and the total population were lowest in the winter when 

water tempe rature was at its lowest point. Minimum values at mini­

mum temperatures is suggested. Secondly, the BBC "Winter Condition" 

sediment characteristics were first found in December, the same 

month the harpacticoids ceased being the dominant form. The nema­

todes remained first in abundance through March; however, with 

the return of "Summer Condition" characteristics in April, harpac­

ticoids again became dominant. When the well—sorted, coarse grained 

"Summer Condition" sediments containing 50% water were common 

(factor two), optimum space for the interstitial copepods was 
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prevalent. During the "Winter Condition,” the silt-clay filled 

interstices excluded the interstitial harpacticoids and the envi­

ronment was most suitable for nematodes (both burrowers and those 

capable of maneuvering in the smaller lacunae). Even though the 

percent copepod abundance curves (Figure 1?) illustrate dominant 

species, total numbers were low. this is indicative of niche 

elimination and simple species survival on the part of the copepods. 

Thirdly, the factor of intrinsic population control must be consi­

dered. deduced inter-taxa competition and the ability to cope 

with the winter stress environmental conditions are possibilities 

for the nematode dominance.

In summary, all three factors were interrelated. The tempera­

ture decreased, the sediment was altered, the harpacticoids 

disappeared, and the nematodes reached a population peak shortly 

after they became the predominant form. As previously mentioned, 

the change in population dominants was most likely dependent on 

the external physical controls: factors one and two. The nematode 

population, once established as dominant in the winter with reduced 

inter-taxa competition, and suitable environmental conditions, 

reached a February-March peak as the minimum temperature-maximum 

number relationship evident at CHS was approached.

The RBC seasonal total population cycle (Figure 17) indicated 

a regular pattern. It is likely that the June 1967 and the April 

196b population increases represented the same seasonal peak, i.e. 

late spring-early summer. Weather data from Kindley AFB indicated 

that the 1967 spring weather was "the worst in many years," (high
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winds, rain, and cold temperatures) &nd did not "break" until late 

May. It appears that the late spring 1967 population maximum was 

delayed until June, whereas the favorable warming temperatures in 

spring 1966 triggered the peak in April. Both maxima were dominated 

by the copepod Phyllopodopsyllus hermani. Although data were not 

available for the months preceding June 1967, it is assumed that 

harpacticoid nauplii and copepodites were as common as they were 

prior to the April 1966 peak. Maximum populations are well cor­

related with warning waters, minimum populations and nematode 

maxima with colder water (Figure 2c, Figure 17, Appendix A3).

September total population peaks were common at all stations 

except BBC. Ihe peaks were results of both increased nematode and 

harpacticoid populations. While the BBC harpacticoids increased 

in September during "Summer Conditions," nematodes did not. Nema­

todes are known to be depleted during this time period. The absence 

of the nematode peak in September further substantiates the grain 

size - silt-day percent - sorting coefficient - interstitial space 

hypothesis.

Another reason for the decreased September nematode values 

was the subsequent increase in polychaetes. Nematodes were common 

in the guts of meiofaunal polychaetes. The data were suggestive 

of a predator-prey relationship and is in agreement with that of 

Rees (19U0), Perkins (1958) and Tietjen (1966), who noticed inverse 

relationships between the nematodes and nereid polychaetes.

The BBC copepod fauna was dominated by Phyllopodopsyllus her- 

mani eight of the twelve times the station was occupied. Specific 
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breeding periods were detected: late spring (when the total popu­

lation number was greatly ailected by the increased numbers of P. 

hermani) and early fall (when the total population did not increase). 

At these times, other copepod species were essentially non-existent. 

It appears that P. hermani filled every available copepod niche. 

At other times of the year (August, in particular), the indication 

that the habitat is subdivided into many niches and each niche 

occupied by a different species is apparent. Niche elimination 

in the winter as one of the causes of low harpacticoid abundance 

levels has already been discussed.

The morphological adaptations so markedly distinct at CHS and 

CHD were also prevalent at BBC, with some minor alterations. The 

forms were interstitial, but were not as remarkably reduced in size 

as the CHS fauna.

P. hermani is small (0.3b mm long; 0.16 mm wide at the cephalo­

thorax) and elongate (not vermiform) and well suited for locomotion 

in the larger median to coarse sana interstices. P. brevirostris 

f. has already been established as an interstitial form; however, 

the forms encountered at BBC were generally larger than those at 

CHS. Orthopsyllus linearis, Robert gumeya rostrata, Bulbamphiascus 

imus and Ectinosoma dentatum were larger species with a broad 

cephalothorax and adapted to the "endopelic" mode of existence. 

At BBC, however, these species occupied the niche associated with 

the large interstitial lacunae and did not burrow. 0. linearis 

and E. dentatum were observed navigating the lacunae in sieved coarse 

grained shelly sands. Also, the results of the grain-size experiments 
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to be discussed later substantiated the findings.

As with CHS, the segregation of the BBC nematode fauna into 

separate niches was indicated. Several species were present in 

approximately equal abundance, especially during the "Winter 

Condition."

b. Baileys Bay Fine (BEF)

The types of species prevalent at both BBF and BBC were similar, 

but the species seasonal distribution pattern and total population 

fluctuations were not. The BBC gradual population decrease from the 

high June value to the low winter values has already been noted. 

Except for large population increases in September and February, 

essentially the same pattern was prevalent at BBF. (See results, 

p. 80, for an analysis of the November peak.) The large September 

population peak, as at all other stations (except BBC), was depen­

dent on an increase in the nematode and copepod fractions of the 

population.

The characteristic "Sumer Condition" higher silt-clay, reduced 

median grain size and proximity of the Thalassia bed at BEF were 

apparently the factors governing nematode dominance. Several of 

the nematodes were foliicolous: Euchromadora sp., E. gaulica, 

Prochromadorella spp. indicating the relationship to the Thalassia 

(Hopper and Meyers 1967a). The station was dominated by nematodes 

until September. In September, when no measurable changes in the 

environmental factors were noted, harpactico ds were able to coexist 

in equal abundance with the nematodes. The harpacticoids were 

therefore able to inhabit an environment which had previously seemed 
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unacceptable or, the environment was always acceptable but the 

specific September changes (chlorophyll increase, or organic 

carbon increase) were necessary to trigger the population increase, 

ihe harpacticolds remained in high abunuai ce through November.

During November, when the harpacticoias were the major organisms, 

the "covering over" was first in evidence and percentage silt­

clay decreased. It is probable that the deptember-October popu­

lation increase coupled with the addition of 3-5 cm of sand in 

November and the subsequent smotnering of the nematode Ihalassia 

root structure habitat were the reasons for the harpacticoid 

dominance.

The low harpacticoid numbers present during December and 

January were well correlated witr the other stations, i.e., low 

harpacticoid numbers in the winter. ihe February increase in 

nematode numbers in the colder waters has already been discussed 

and appeared to be a regular occurrence. The February P. herma ni 

increase was not peculiar to BBF, as the same phenomenon was noted 

at TI. BBF, in February, was more distinctly "Winter Condition" 

than at any other time. Unfortunately, grain size analyses were 

not made. However, observations of the organism samples and the 

in situ sediment indicated a coarse, shell ridden sand 8-10 cm 

thick overlying the Thalassia bed. It is suspected that this 

coarse grained sand was the lost suitable "Winter Condition" habi­

tat for P. hermani, even though they did not dominate the fauna. 

The remainder of the cycle was irregular: low in March, high in 

April then low in May. Both major groups (nematodes and harpacticoids) 
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fluctuated accordingly. The irregular nature of the curves (Figure 

21) appeared to be dependent on two factors: (1) the change over 

from the "Winter" to the "Sumer Condition" and (2) the well 

documented, ubiquitous spring population increase associated with 

warming waters. The development of the "Sumer Condition" envi­

ronment was initiated in April and May. The grass bed was 

uncovered, but the luxuriant and extensive cover prevalent during 

late siner was not yet in evidence. The bed was not yet func­

tioning at its maximum silt-clay trapping ability. As the "Sner 

Condition* progressed, percent silt-clay increased; 8.0% in 

April, lU.0% in May, 15.h% in June and the high 29.6% in August. 

Apparently, the typical copepod spring population increase was 

not hampered by the so-called "Summer Condition* in the low silt­

clay months of April and May, but as the interstices were filled 

with the Thalassia trapped finer materials, inter-lacunae navigation 

was impossible and the burrowing nematodes became dominant.

Overwhelming abundance of P. hermani in all but the June, July 

and August samples was indicative of one apparent copepod niche: 

the interstitial lacunae. When the interstices contain the siltr­

elay particles evident during the sumer, two possibilities existed. 

Firstly, the environment was divided into distinct, separate niches; 

thus, the relatively equal abundance of species or secondly, the 

same niche was occupied by different species but eventually P. 

hermani gained superiority and the other species were excluded.

Again, the sandy environment nematode population was in agree­

ment with Wieser's (I960) observations. The change to distinct
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and separable niches was evidenced by the relatively equal abundance 

of species (Appendix B5).

U. Trunk Island (TI)

The Trunk Island medium sand harbored essentially the same 

type of fauna as the Baileys Bay stations and the copepod popula­

tion was dominated by P. hermani; other species were always minor 

components. Again, the possibility of a single copepod niche is 

suggested.

The copepods were primarily interstitial forms. The reduced 

size of the interstitial lacunae appeared to govern the abundance 

but not the type of species common. It is apparent that the median 

sands prevalent at BBF and TI, as well as the coarse BBC sand, were 

suitable for the habitation of interstitial forms. However, copepods 

were more abundant than nematodes only during P. hermani breeding 

periods.

The seasonal total population curve was regular: the September 

and spring population maxima occurred as at the other stations. 

Preceding and following the maxima, the population increased and 

decreased accordingly. Minimum total populations were found in 

the winter, but the typical winter increase in nematode numbers 

was noted in January, and not February. January water temperatures 

were the coldest recorded at Trunk Island. The explanations of 

the total population and nematode peaks are similar to those at 

the other stations, i.e., September changes, maximum nematodes at 

minimum temperatures, and spring warming of waters.

As with BBF, copepod dominance was noted during the winter (TI,
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December; BBF, February; even though the TI total population values 

did not increase in December), and again in the spring (when popula­

tion values increased). The harpacticoid dominance in December was 

dependent not only on the increased number of copepods (P. hermani) 

but also on the decreased numbers of nematodes, whereas the May 

dominance was strictly dependent on a three—fold increase in the 

numbers of copepods. The dominance peaks appear to be closely re­

lated to the reproductive cycle of P. hermani, since, preceding 

and during both population maxima, copepodites and nauplii were 

abundant.

In light of the data available on the seasonal abundance values 

oi P. hermani from the three stations (BBC, BBF, and TI) where it is 

abundant, a specific life cycle becomes evident. Although the life 

cycles of several harpacticoids are known, there are no available 

data on any of the Tetragonicipitidae. Several life cycles have 

been elucidated in the laboratory: Johnson and Olsen (1948), Tia be 

furcate; Fahrenbach (1962), Diarthrodes cystoecua; and B. Muas 

(1967), Tachidius discipes, Nitocra spinipes and Tisbe dilata. P. 

hermani exhibits tri-annual breeding, once in the early fall ( BBC, 

BBF), once in the winter (BBF, TI) and once in the spring (BBC, BBF, 

TI). The BBC missing winter breeding has already been explained in 

light of changing environmental conditions. At BBC and BBF there 

were significant September increases in the number of P. hermani, 

while at TI the increase was prevalent but not as intense. Every 

time the P. hermani increase was noted, increased numbers of nauplii, 

cope podites and egg-bearing females were common. Each month preceding 
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the maximum population peak, the number of unidentifiable nauplii 

outnumbered total copepods found. This points to a maturation 

process of less than 30 days. Further laboratory observations 

would be needed to substantiate this, as well as the number of 

generations per female, the developmental anatomy and the fecundity.

The TI nematode fauna is once again indicative of segregation 

of the inhabitants into distinct and different nematode niches in 

agreement with the findings of Wieser (I960).

5, Devils Hole (DH)

The absence of meiofauna at Devils Hole was related to the 

hydrography: the temporary thermocline from June to October and 

accompanying anaerobiosis. As the dissolved oxygen decreased over 

the summer, the population followed the same decreasing pattern 

until both total population and dissolved oxygen values were zero 

in September. With the convective overturn of the thermocline in 

October, the bottom waters were mixed. The fauna, however, did 

not repopulate the area until late spring and distance-tine factors 

appeared to be involved.

The meiofauna nearest to Devils Hole proper during the summer 

were located at the Upper Devils Hole substation (p. 100): the 

outer horizontal edge of the existing thermocline. Since the Hole 

is 107 neterm in dianeter, once conditions were suitable the Meio­

fauna had to Migrate at least 53.5 n to inhabit the area. Most 

macrobenthos have pelagic larvae which are carried by water movements 

into different areas. However, the benthic copepods and nematodes 

have bottom larvae and movement is only possible along the bottom.
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Therefore some time would be expected in repopulation of a depleted 

area. Tulkki (1965) has noted that macrofaunal communities deci­

mated by oxygen deficiency in the Baltic Sea have taken several 

years to recolonise after the influx of the oxygen rich waters, and 

many of these had pelagic larvae. Under the circumstances, the 

seven month interval between thermocline overturn and repopulation 

by meiofauna at DH must be considered rapid.

Shortly after the population was established, the thermocline 

was set up and the accompanying anaerobiosis decimated the popula­

tion. The observations based on three years of sampling (July 

1965-June 1968) indicated that this cycle was repetitive.

The two copepods found at Devils Hole during the spring, 

Longipedia helgolandica and Enhydrosoma propinquum, were both 

well suited for the environment. L. helgolandica was recorded at 

every station ; it is one of the harpacticoids that belong to the 

natant fauna. Gonsales and Bowman (1965) collected the species in 

plankton tows in Bahia F osforeseente and assert that this form 

frequently swims freely Just above the mud water interface. It 

is suspected that its Devils Hole existence is similar. E. propin- 

quam has already been established as a common mud form leading an 

"epipelic" existence.

6. General

The species fluctuations and seasonal succession patterns of 

the meiofauna at all stations were in agreement with the work of 

Parker (1966). He states that temporal fluctuations in megafauna 

(macrofauna) in Buzzards Bay, Massachusetts were well correlated
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with seasonal changes in the physico-chemical factors and amounts 

of benthic vegetation, but temporal meiobenthic fluctuations were 

closely tied to reproductive cycles and physical forces affecting 

the sediments, these same factors controlled the Bermudian meio- 

bemthos.

B. Organism - Sediment Interrelationships

Field and laboratory results indicate specific grain size 

preferences of the Harpacticoida. Generally, a greater number of 

harpacticoids could be found in the coarser grained, low silt-clay 

sediments. The preliminary laboratory experiments have indicated 

that an optimum sand size was sought by the individual species. 

The fine grained study stations (CHS, CHD) excluded certain harpac- 

ticoid species, and favored an abundance of nematodes. The species 

prevalent at fine sediment stations were the same as those found 

in the fine grained sediments in Laboratory Experiment I (Leptastacos 

macronyx, the dominant CHS species). Wieser (I960), ^oaden (1962), 

Gray (1966) and Jannson (1967) have also indicated that certain 

interstitial species are limited in distribution due to their in­

ability to colonize various grades of sand.

The medium to coarse grained sand stations (BBC, BBF. TI), 

although not necessarily dominated by harpacticoids, contained an 

increased harpacticoid fauna. As previously noted, the harpacticoids 

were more abundant in the low silt-clay percentage sands than in 

those where the interstices were filled. The median grain sizes 

at these three stations were between 0.5 and 1.0 mm; the same grain 

size range preferred by the majority of the copepods in both
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laboratory experiments (Tables Ik and 15)• In addition to median 

grain size, variation in the size and shapes of the grains are also 

important in governing the amount of interstitial space. Renaud- 

Debyser (1961) has pointed out that the irregular, angular biogenic 

origin carbonate grains, evident in the medium sands of Bermuda, 

allow for increased interstitial space. If the spaces are filled 

with small mineral and detritus particles, the small weight change 

of the fine particles makes little difference to median grain size, 

but the closure of the interstitial lacunae eliminates many of the 

interstitial forms (Boaden 1966).

The distribution of P. hermani in the well sorted laboratory 

sands was indicative of its grain size preference, and again was 

confirmed by the field results. To test the hypothesis that the 

copepods were seeking an optimum grain size and not the coarsest 

sand available, Aquarium Experiment II was initiated. The results 

again confirmed that P. herma ni preferred the 0.5-1.0 mm sands. 

The occurrence of Longipedia helgolandica as the first or second 

most abundant form in all the samples is congruous with its semi­

planktonic mode of existence : the ability to swim over all sediments 

Bulbamphiaseus Imus, Robertgurneya rostrata and Orthopsyllus linearis 

were also more abundant in the 0.5 ■ sand than in the others, 

indicative of their preference for sand with interstices large 

enough to permit maneuvering.

It is difficult to compare the present grain size-harpacticoid 

results with those of other studies as most other meiofaunal studies 

have been dominated by nematodes to such an extent that harpacticoid
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numbers were insignificant. However, Wigley and McIntyre (l^, 

working off the New England Coast, recorded the highest copepod 

abundance (35%) at the station with the greatest median grain size 

(l.U no), and the next highest copepod abundance (14.0%) at the 

second most coarse station (mgs 0.58 mm), while at the remaining 

fine sand-silt stations harpacticoids were absent or in very low 

abundance. Similar relationships are apparent in the psaaaic 

environment. Renaud-Momant and Serene (1967), in a beach survey 

in Malasia, noted that only one of their stations was dominated 

by harpacticoids: the station with a mgs of 0.77 aa, low silt­

clay percentage, a low sorting coefficient (1.4) and 43% calcium 

carbonate. Kline (1968) in Miami, Florida, has also indicated 

that the greater median grain sized low silt-clay sands harbored 

an increased harpacticoid fauna. Noodt (1957) found that the 

grain size was less significant to bottom copepods than the amount 

ol organic matter available in some psammic and estuarine environ­

ments in Germany. The only harpacticoid-organic matter relationship 

obvious in the present survey was the increased number of forms 

in September; no indication to harpacticold-dominance at high 

sedimentary organic levels was evident.

The other major meiofauna taxa, nematodes, were restricted 

in the organism-sediment interrelationships portion of the study 

to analyses of buccal structure and associated feeding groups. 

Deposit feeding nematodes, selective and non-selective, were 

dominant at the mud stations, while epistrate feeders were dominant 

at the sandy stations. The predominance of the deposit feeders
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at the nd stations was to be expected: the soft sediments, higher 

in organic content, were not suitable for the existence of the 

epistrate feeders since the hard particles necessary for scraping 

were not available.

Wieser (1953, 1959b) recorded omnivore-predators (not epistrate 

feeders) as the dominant forms in Germanic and Chilean "littoral" 

sands: those coarse and poor in deposits. TietJen (1966), however, 

found that epistrate feeders were the most abundant forms in the 

sands of two New England estuaries, and was able to relate this 

predominant feeder to the benthic diatom population. Preliminary 

results of White (1967) and personal observations have indicated 

that the Bermudian carbonate sands are not rich in benthic micro­

flora and, in fact, when compared to quarts sand areas are impov­

erished.

It is suspected that the preponderance of epistrate feeding 

nematodes in the carbonate sands of Bermuda, where benthic microflora 

production was reduced, was dependent upon the availability of the 

carbon rich aggregated coatings.

Chave (1965) and Chave and Suess (1965) have reported organic 

coatings associated with suspended carbonate particles in seawater 

and that these coatings often interfere with the precipitation 

kinetics of the carbonate-seawater interactions. Suess (1968) has 

been able to show that carbonate sands and muds are also coated 

with the carbon rich aggregated particles. Suess (personal com­

munication) asserts that the only available data on organic coatings 

of quarts grains is the work of Lidstrfim (1965) which indicates that 
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some specific amines do form a chemical bond with the surface of 

quarts between pH8 and 11. However, Suess comments: "Those 

'coatings' reported by Lidstrom and others ... are on the order of 

50 to 100 Â thick, and a grain scraping nematode must have a hell 

of a good scraping apparatus to make any use out of the organic 

layer, furthermore it must work over quite a number of grains per 

day to survive. What makes perhaps the carbonate grains such a 

delicatessen for the nematodes is the fact that they tend to 

aggregate organic matter into thick, visible, stainable layers. 

Aggregation of organic matter on silicate grains is completely 

unknown." Further studies to determine the minimum organic diet 

with which the nematodes are able to live satisfactorily would 

be necessary in order to determine the specific nutritive value 

of the coatings.

The seasonal relationships between the other feeding groups 

and sediment-population characteristics were not consistent except 

for the increase in omnivore-predators during or immediately 

following the periodic total population peaks. There was no 

correlation between the percent abundance of deposit feeders at 

the sandy stations during the September high sedimentary organic 

matter values and the increased and decreased silt-clay contents. 

C. Vertical Distribution

The harpacticoids and ostracods at all stations were restricted 

(except for a few migrant forms) to the upper 2 cm of sediment.

The nematodes showed less vertical stratification, but 9h.3% were 

restricted to the upper 5 cm.
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Previous studies on the vertical distribution of the meiofauna 

have shown that the lower limit for most melofaunal organisms, 

except nematodes. was 2 cm (Moore 1931; Krogh and Sparck 1936; 

Mare 19U2; Bougis 1946, 1950; Smidt 1951; McIntyre 1961; Wieser 

and Kanwisher 1961; and Tietjen 1966), with the majority of the 

nearn todes confined to the upper 4 cm and reaching a lower limit 

of 6 to 8 cm. Moore (1931), Smidt (1951), McIntyre (1961) and 

Muus (196?) found harpacticoid copepods confined almost entirely 

to the upper cm of sediment while Tietjen (1966) indicates that 

the copepods were restricted to the upper 2-3 cm of sediment. The 

fauna from Bermuda also fit within the vertical limits of all 

these authors.

Three factors appear to be most significant in governing the 

vertical distribution of the faana: (1) a decrease in interstitial 

water content with depth, (2) a decrease in amount of available 

oxygen with depth and (3) the mode of existence: endopelic, epi- 

pelic, interstitial.

At the two stations (CHS, TI) where no difference in 0-2 and 

>2 cm interstitial water values was noted, the sediment below 3 

an was discolored and H^S was evident at 5 cm (TI). Teal and 

Kanwisher (1961), working in salt marshes, noted that sediment 

ceior changed with a change in Eh, lowest potentials were found 

in areas where organic matter accumulated due to insufficient 

aerobic composition, and HgS was often prevalent as indicated by 

its odor. Bana Becking et. al. (I960), Wieser and Kanwisher 

(1961) and Kanwisher (1962) assert that the greatest potential
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change is at 2 cm depth, due to the large drop in Og concentration. 

At CHS and TI, only those nematodes which were able to withstand 

certain periods of highly reduced conditions were able to exist in 

the lower confines.

At the stations where water content values decreased at the 

>2 cm segment level all three factors were important. At CHE the 

epipels were obviously not affected by the reducing conditions 

prevalent at 2-3 cm. Whereas the endopels were in turn affected 

by both a reduction in amount of interstitial water (responsible 

for the "stiff" muds below 2-3 cm) and the reduced conditions 

evident from a color change (from gray mud, 0-2 cm, to dark brown­

black mud below 2 cm) and the overpowering odor emanating below 

5 cm. At BBC, the large amount of interstitial water and large 

interstices in the 0-2 cm segment, along with a reduction in grain 

sise, increased silt-clay, reduced water content and discoloration 

below 2 cm, were all responsible for the prevalence of the inter­

stitial fores in the 0-2 fraction during the "Summer Condition." 

The BBC 2-5 cm population values were higher during the winter 

than at any other time of the year. In February, 41.9% of the 

fauna was encountered in the 0-2 cm segment, while 41.0% was in 

the 2-5 cm segment. The change to increased interstitial water 

and thus the ability of the population to inhabit the 2-5 am seg­

ment is obvious. The discoloration, so evident of reduction, was 

not prevalent until the 7 cm level.

At BBF, where the >2 cm water content was always more than 

the 0-2 cm fraction, another factor was important. The increased
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water content was caused by the intertangled Thalassia roots and 

root debris. However, a color change and HgS odor was most 

noticable at this station and was most likely due to the decaying 

root structure. It is likely that the increased water content 

was not as important as the strong reducing conditions in governing 

the vertical distribution of the fauna.

P. Species Diversification and Cosmnnity Relationships

1. Species Diversification

Sanders (1967) discusses two contrasting abstract cos-unities, 

the Physically Controlled Community (P.C.C. ) and the Biologically 

Accomodated Community (B.A.C.). The P.C.C. is one where the adap­

tations of the inhabitants are primarily to the physical environment 

and where wide changes in the physical conditions expose the animal s 

to severe physiological stress. Physically controlled environments 

are characterised by low diversity and often subsequent dominance 

by the one species which is best able to cope with the environmental 

conditions. The B.A.C. is present where physical conditions are 

rather constant and uniform and are net critical in controlling the 

success or failure of a particular species. He claims that "with 

time, biological stress (intense co^>etition, moa-equilibria 

conditions in predator-prey relationships, simple food web, etc.) 

is gradually mediated through biological interactions resulting in 

the evaluation of biological accomodation." The resultant assem­

blage is characterised by high diversity and relatively equal 

abundance of several stenotopic species.

The pure B.A.C. or P.C.C. is never present in nature. All 

communities are the result of the physical and biological components
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and the relative proportions of each determines the coenmity 

structure.

Sanders (1967) found that the closer the diversity curves 

approach the ordinate, the nearer the B.A.C. is approximated, 

*ile the closer the curves approach the abcissa the nearer they 

approximate the P.C.C. The curves can also be applied to a Stress— 

"Fime Model « In those comaunities where physiological stress 

been historically low, the B.A.C. exists, while those where 

physiological stress has been high the P.C.C. exists. If an 

environment is one of an increase in the amount of physiological 

stress (as a result of increasing physical fluctuations or un­

favorable physical conditions) the community will gradually change 

from one of Biological Accomodation to one of Physically Controlled, 

reaching an abiotic condition when the stress conditions are 

greater than the adaptive means of the animals.

In the current study, each station had its own unique diver­

sity curve (Figure 30), indicating specific biolological organisa­

tion dependent on the proportions of the physical and biological 

components prevalent. The one particular station (CHD), where 

physical conditions (with the meiofauna, sediment granulometry) 

were cons tarn! over the year, the Biologically Accomodated Community 

was approached. The large number of species per unit number of 

individuals (high diversity) was indicative of a community dependent 

on intrinsic biological regulation (inter-specific competition, 

predator-prey relationships, niche diversification, etc.) and not 

external physical control. Rarely does one harpacticoid species
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dominate the entire CHD population, but rather, due to the constant 

physical conditions, the community was an equal mixture of several 

species; typically high diversity in an area of low physical stress. 

Application of the tenoral factor of the Stress-Time Model indi­

cates a more evolutionary advanced harpacticoid cismuinity, having 

passed through the preliminary stages of physical stress and new 

modulated by biological control.

At CHS, BBC, BEF and T1 (the sand stations) copepod diversity 

was lower. The first three environments mentioned have already 

been discussed in relation to changing environmental conditions. 

These were environments subjected to severe physical conditions. 

At TI, however, where no change in the measured enviromental 

conditions was noted, the same low diversity prevailed.

Although the nematodes were not subjected to an analysis of 

diversity, it is apparent from the somewhat fragmentary data that 

the converse of the harpacticoid distributions prevailed, i.e., 

one dominant species at the mud station, several equally abundant 

species at the sand stations. It must be assumed that nematode 

diversity is not governed by physical conditions, but rather, on 

the separation of the habitat into "microhabitats" which the 

nematode fauna can occupy regardless of environmental stress. It 

is suspected that within sandy habitats the three different sources 

of food, (1) sand grain epigrowth (carbon rich aggregates, benthic 

diatoms), (2) interstitial deposits and (3) interstitial fauna 

as prey, represent three distinct niches diieh the nematodes occupy 

regardless of the external physical factors. The mad station.
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dominated by one species (suspected low nematode diversity), 

represented only one available food supply - deposits, this 

suspicion was supported by the very low numbers of epistrate 

feeders at CHD (4.0%)» while at the sandy stations, the two 

deposit feeding groups (1A and IB) comprised 23.1% of the fauna, 

and the omnivore-predators 35.3%, even though the epistrate 

feeders were most dominant. Both minor groups were filling 

their "microhabitat" successfully.

Since the harpactiooid population appeared to be dependent 

on physical stress conditions, and the nematodes were most 

likely dependent on the available food supply regardless of the 

stress, analyses of meiofaunal population diversity in light of 

a Stress-Time Model is best exemplified by an examination of the 

susceptable harpacticoids.

2. Community Relationships

Any benthic community should be defined by combining the 

names of two of the characteristic species, in which case the 

species should belong to different groups (Peterson 1913). 

Sanders (1950) reiterates the definition and defines the community 

as a group of species that shows a high degree of association 

by tending to recur together. The CHD harpacticoid community 

may be defined as the Stenhelia (D.) n. sp. - Cletodes dissimilis 

community: a highly diverse assemblage. The two forms belong to 

two different families: the Diosaccidae and the Cleotodidae. 

Although the community has been defined, the definition must be 

regarded with caution since CHD was the only example of carbonate
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■uds.

The beach-like CHS environment was one of severe stress: 

tidal activity, rippled bottom, etc. The probable copepod com­

munity (again, an isolated station as CHD), may be defined as the 

Leptaatacos macronyx - Praeleptomesochra africana assemblage, but, 

perhaps more accurately, simply as the L. macronyx community. P. 

africana, although second in overall abundance, was a significant 

member of the population only in February, while L. macronyx was 

co—non in all but one month.

The other three sandy station assemblages (BBC, BBF, TI) 

were characterised by the overwhelming abundance of Phyllopodopsyllus 

hermani. The shallow, medium to coarse Bermudian carbonate sands 

appeared to harbor the same type of fauna. It therefore seems 

reasonable to designate this co—unity the Phyllopodopsyllus hermani 

community and not one named by two species.

The communities at these medium to coarse grained stations 

characteristically exhibited low diversity, due to dominance of 

the one species. The changing environment in Baileys Bay obviously 

exerts severe stress conditions on the population and P. hermsnl 

appears to be the only form that can adapt and flourish under these 

circumstances. Thus, the dominance of one species and the subsequent 

low diversity values.

The Trunk Island community was a different situation. From 

the environmental parameters measured, the physical conditions at 

TI remained constant. There must be another environmental factor 

not considered in the present survey which was responsible for the
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dominance of P. henna nt and the low diversity. Abbott and Jensen 

(1967) have noted that the Bermudian Calico Clam (Macrocallista 

maculata) is found only in Harrington bound, Janssen (1967) has 

found populations of the common Bermuda sea urchin, Lytechinus 

variegatus, in Harrington Sound significantly different in sex ratio, 

color and size from those of outside areas and Herman and Beers (in 

press) have found that while two species of the pelagic copepod 

Arcatia are co*on in Bermuda, A. bermudensis is restricted to 

Harrington bound and A• spinata to the outside waters, These data 

indicate that the phenomenon is not peculiar to the meiobenthos.

Thorson (1957, p. 604) has indicated that "Parallel—bottes 

communities" or "isocommunities" are the rule in the marine benthic 

biocoenose. Following this author, isocomnunities are ecological 

parallels since "the same types of bottom are everywhere inhabited 

by species of ’parallel’ animal communities in which different 

species, of the same genera, replace one another as ’characterising 

species.1" Thorson (1966) and Sanders (1967), however, assert 

that the concept of macrofaunal parallel level bottom communities 

does not hold true and must be radically revised for tropical and 

warm temperate bottoms. Sanders (1967) has also noted that benthic 

diversity in the tropics can be quite variable ; as is the case in 

semi-tropical Bermuda, depending on the local physical stress.

Although there is some doubt and diametrically opposed evidence 

to Thorson's (1957) isocomaunity concept with regard to warm water 

macrofaunal communities, the harpacticold fauna of Bermuda supports 

the concept on the meiofaunal level. For (1964a) has established
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Paralaopbonte brevirostris f

isocoMuinities for the Ha rpacticoida and states that. in suhlittoral 

muds, the leading fores almost everywhere are species of Bratta, 

Stenhalia, Haloschisopera, Enhydrosoma, GLetodes, XyphLaayhiaacns 

and Kuryeletodss. Representatives of four of these seven genera 

were the predominant mud dwelling forms at ŒD (Steuhelia (D.) ». 

sp.j Enhydrosoma propinquun; E. stylicaudates; Cletodes dissimilisj 

Typhlamphiascus I anal lifer along with the Bradya related Ectinose- 

midae).

Por (l?6üa) further states that the shell bottoms, typically 

carbonate sediments, are inhabited by Ryncholagena, Robertgurneya, 

BulbatgRtiascus, and some of the Tetragonicipitldae (Phyllopodopsyllus ) 

In an analysis of distinct faunal assemblages in "coralline sands" 

in the Mediterranean and Red Seas, Por found the harpacticoid popu­

lations were composed of the same fauna, plus the specific forms 

A^phiascopsis cinctus, Orthopeyllus linearis, Robertgurneya rostra ta, 

. and Laophonta cornuta. With the 

exception of Rhyncholagena, all of Por's carbemate "shell" sand 

fauna are the same genera and sometimes the same species prevalent 

in the Bermudian sediments of similar composition. Overall, the 

Tet ragonicipi  tidae, represented by Phyllopodopsyllus was the most 

abundant family inhabiting the Bermuda "shell bottom."

Another indication of the so called "isocomsmaity" was the 

"beach fauna" at CHS. Por (1964a) notes that typical psaeri-C 

representatives are Leptastacus spp., while Isa (1951, 1962) notes 

that certain members of the Leptomesochra groag» of the Ameirdao and 

of the Paramosochridae are distinct psamnic species. The occurrence 
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of Leptastacus macroPraeleptomeaochra Africana and Apodopsy11us 

africanus primarily at CHS is indication of a psaeaic isocommunity.

Except for the indication to world wide distribution of the 

mud community and its related genera, the distribution of the shell 

bottom fauna is restricted to those tropical, semi-tropical, warm 

temperate carbonate sediments of biogenic origin. However, from 

the small amount of data available from eulittoral carbonate sands, 

the indication is to a few representative genera and agreement with 

Thorson's earlier concept of the isocommunity.

E. Comparisons With Other Areas (Table 16)

It is extremely difficult to compare the fauna of Bermuda to 

those of other areas of the world, primarily because of the dif­

ferences in sediment composition: quarts vs. carbonate.

From the data available, it appears that the carbonate sands, 

because of the irregularly sized biogenic particles, harbor an 

increased number of harpacticoid copepods. Of course, specific 

variations do occur, but harpacticoids rarely dominate in quarts 

sands, whereas the occurrence of harpacticoid dominance in the 

medium to coarse carbonates was not unusual.

The mean total number values from Bermuda were in agreement 

with those of Bougie (1950) and Wieser (1960), but were in the 

lower limits of the other surveys. Mare'e (1942) values are 

suspected of being too low (Wieser I960) and since her biomass 

values are not consistent with the number values, a comparison with 

her values is excluded. Of all the other surveys, the estuaries 

harbor the largest meiofaunal populations (Smidt 1951: TietJen
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1966; B. Muus 1967).

Comparing the numbers and biomass values of the two major 

non-estuarine meiofaunal surveys, both Bermudian values approach 

the lower limits recorded by McIntyre (1964), while maximum 

Bermudian biomass values are close to Wieser’s minimum values. 

The inference is to the lighter weight harpacticoids, which com­

prise a greater percentage of the Bermuda meiobenthos, reducing 

the total biomass values.

There appears to be, in general, a reduction in the number 

and biomass of the Bermudian meiofauna. Tietjen (1966) indicates 

that shallow waters often support more meiofauna than deeper 

waters. However, this is not necessarily the case in Bermuda. 

The present study was conducted in shallow water, and the values 

recorded were in the lower range of most previous surveys.

Chave et al. (1962) found numbers of macrofauna significantly 

lower on the Bermuda slope than on the North American continental 

shelf and slope and attributed this to a ten fold decrease in the 

amount of organic carbon. Nutrient and plankton studies in and 

around Bermuda (Menxel and Ryther I960; Deevey 1962; Grice and 

Hart 1962; and Herman and Beers, in press) have indicated that 

the nutrient poor Sargasso Sea harbors a reduced xooplankton 

population when compared to temperate or boreal waters. Renaud 

(1955) has also indicated reduced numbers of psammon in the car­

bonate environment (Bahamas), which she also attributes to lower 

available organic carbon. The data from the present survey is in 

agreeiMnt with these previous studies in that the meiofaunal
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population was also reduced.

f. Zoogeography (Table 17)

As stated by Wells (1967, p. 35k), "any atteupt to rationalism 

the zoogeography of meiobenthic copepods suffers from a lack of 

data from large parts of the world. Most of the work to date is 

European and, while there is adequate data from the Atlantic coasts 

of Europe and considerable information on the Mediterranean Litteral, 

no other area has been adequately studied.■ The present study has 

increased the number of species known from Benda and expanded 

the distribution list of others.

Of the 57 species for which previous records were known, 29 

were new to Bermuda. h species, however, have not been recorded 

elsewhere and appear to be strictly Bermudian.

Those species listed as most probably re—pelites would have 

been listed with the Berth Atlantic forms, except for a single 

listing of each species in the Pacific.

Significant changes in distribution records are noted for 

HalectiiMieemB negloctaau and Typhlaupphiascus lsmmllifer. These had 

previously been recorded as strictly boreal forms.

Por (196ka) mentions 'Msmedian Mediterranean affinities'" in 

light of his work and Willey's (1930, 1931, 1935) papers on the 

Bermudian imppacticoids. The present survey indicates that these 

associations are not as distinct as previously thought. Several 

of the species listed by Per have now been found eLseuhare and 

belong to either the cosmopolitan, warm tournante or the Morth 

Atlantic-Mediterranean zoogeographical groups. R r (19âm) lists
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TABLE 17. ZOOGEOGRAPHY OF THE MEIOBENTHIC COPEPODS OF BERMUDA

1. Cosmopolitan species

(a) previously known as 
cosmopolitan
♦Tisbe ensifer
*T. gracilis

T". fureata ~
^Scutellidium longicauda
^Phyllothaïestris mysis

Rynchothaïestris rufocincta
*Dactylopodiâ tisboidéïï
♦Paradactylopodia brevicomis
♦Parastennelia spinosa 
♦Amphiascopsis clnctus 
♦Bulbamphiascus imus 
♦Robertgurneya similis 
♦Amphiascoides subdebilis
♦Ameira parvula
♦Laophonte cornuta
♦Paralaophonte brevirostris f.

(b) most probably cosmopolitan

Amphiascoides debilis 
Amphiascus va ri ans ? 
Fhyllopodopsyllus furciger 
Enhydrosoma propinquum

2. Warm temperate and tropical 3. North Atlantic

Ectinosoma dentaturn 
Harpacticus nicaeensis 
Tisbella timsae 
Eudactylopus latipes

♦Dactylopusla falcifera 
Diosaccus valens

♦Robertsonia knoxi
♦Robertgurneya rostrata 
üMetis nolothuriae
♦Nitocra affinis
Scotiopsyllus pararobertsonia 

♦Laophontella armatus
♦Lourinia armata

U. North Atlantic-Mediterranean

Halectinosoma abrau
♦Amphlascus parvUs 
Ameiropsis nobilis 
Sarsameira parva 
Leptastacus macronyx

Longipedia helgolandica 
Halectinosoma neglectum 
H. sarsi
Arenosetella spinicauda
Harpacticus obscurus

♦Amonardia phyllopus 
Typhlampbiascus lamellifer

$. Endemic to Bermuda

♦Diagoniceps laevis 
^letodes dissimilis
♦Ênhydrosoaa stylicaudatum
♦Paralaophontodes echinatus



TABLE 17. ZOOGEOGRAPHY OF THE ME TO BENTHIC COPEPODS OF BERMUDA (Cent.)

6. Uncertain (with previous record)

Flavia crassicornis (lew Zealand) 
lfltocra~?allaciosa—( Ba rents ^Sea, Portugal )
1. fragilis (Norway)
Praeleptaeesochra af ricana (S.W. Africa)
Apodopsyllus africanus (S.W. Africa) 
Orthopsyllus linearis - taxoncey doubtful 
Paraiapphonte perplexa (Norway, Iceland, Spitienberg)

♦ previously recorded from Bermuda
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a new species of Laophontella (L. horrida) and emphasizes that the 

type species (L. a matas) was known only from Bermuda. Sewell (1940) 

Wells (1967) and Geddes (1968) have now recorded L. amatus from 

the Maldive Archipelago, Mozambique and Rimini respectively: the 

species (and perhaps the genes) is now "warm temperate-tropical" 

and not "Bereudo-Mediterranean." Por also lists Robe rtgurneya 

rostrata and Amphiascoides subdebilis as characteristic "Bermado- 

Mediterranean" forms. Vervoort (1964) has recorded R. rostrata 

from the Caroline Islands, and Wells (1967) from Mozambique. Por 

(1965) has recorded A. subdebilis from Norway and Wells ( 1967) has 

recorded it from Mozambique.

The zoogeographical ranges of the harpacticoids will continue 

to change as more areas are studied. Several of those species, 

supposedly restricted, will most likely join the ranks of the cos­

mopolitan forms.
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smuRï

1. The distribution and abundance of sub tidal meiofauna 

(benthic animals which pass through a sieve with a mesh opening 

of 0.5 am, but are retained on a sieve with an opening of 0.0062 

■■) were studied free June 1967 through May 1968 at six stations 

on the Bermuda platform; two in Castle Harbor, two in Baileys 

Bay and two in Harrington Sound. Total number of individuals 

ranged from 0-3 33*3 x 10^/m2 and dry weight biomass from 0-259.3 

mg/m2.

2. Free-living nematodes were the most abundant organism 

at all but one station. Overall they averaged 72.6% of the total 

numbers and 71.8% of the biomass.

3. Harpacticoid copepods were second in overall abundance, 

and were the predominant organism at one station. Ostracods, 

polychaetes, priapulids, halacarids, bivalve larvae, archannelids, 

kinorhynchs, turbellarlans, cumaceans, tanaidaceans, amphipods, 

isopods and tardigrades were also collected.

4. 66.9% of all the fauna collected was located in the upper 

2 cm of sediment, 24.2% between 2 and 5 cm, 7.0% between 5 and 7 

cm and 1.9% below 7 cm. Possible causes of vertical stratifica­

tion were discussed: most important were interstitial water and 

oxygen content.

5. Three distinct environments were found: a well rounded 

"beach sand" with typical psameic representatives, a poorly sorted 

carbonate mud and a medium to coarse grained sand.
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6. The meiofauna had distinct seasonal patterns, minimum 

total population values were generally recorded in the winter, 

maximum values in late spring. Nematodes often reached maximum 

values in winter (January-February) and were correlated with 

minimum temperatures.

7. The periodic disappearance and repopulation of Devils 

Hole, Harrington Sound was related to the hydrography of the 

area: temporary thermocline and anaerobiosis.

8. The harpacticoids were more common in the medium sands 

and were the most abundant organism in the coarse sands. Field 

and laboratory results indicated specific grain size preferences 

of harpacticoid species.

9. Sixty-six species of harpacticoid copepods were collected 

during the survey, five of which were new species. Phyllopodop- 

syllus hermani mihi was the most abundant form encountered. The 

three environments were inhabited by distinct and different har­

pacticoid assemblages.

10. At the stations where harpacticoids were present in 

significant numbers, seasonal changes in taxa dominance (Nematoda 

vs. Harpacticoids) were well correlated with reproductive cycles 

and physical forces affecting the sediments.

11. One hundred and ninety-seven species of nematodes were 

identified. Nine of these were new species.

12. The nematodes were divided into four basic feeding groups 

(selective deposit feeders, non-selective deposit feeders, epi­

growth feeders and omnivore-predators) on the basis of their buccal 
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cavities. There was good agreement between the distribution of 

various feeding types and the substratum at each station. Deposit 

feeders were most abundant at the silt—clay station and epigrowth 

feeders at the sandy stations. Epigrowth dominance was probably 

the result of the carbon rich aggregated particles known to be 

coating carbonate sediments.

13. Diversity analyses of the harpacticoid populations in 

light of a Stress-Time Model indicated more highly evolved, stable 

assemblages (several species of equal abundance) in those areas 

of low physical stress and less stable assemblages (one predomi­

nant species) in areas of high physical stress. _

lh. Nematode populations indicated the opposite of the 

harpacticoid populations and appeared to be related to separatism 

of the habitat into "microhabitats" on the basis of available 

food, and not environmental stress conditions.

15. Three distinct harpacticoid communities were defined:

(1) the Leptastacos macronyx (T. Scott) - Pra eleptomesochra af ri— 

cana (Kuns) community in the well rounded "beach sand"; (2) the 

Stenbelia (D. ) n. sp. - Cleiodes dis similis (Willey) community in 

the muds and (3) the Pfayllopodopsyllus henmani mihi community in 

the medium to coarse grained sands.

16. All three communities agreed with Thorson's ( 1957) con­

cept of the "parallel level bottom community."

17. Wien compared to previous meiofaunal surveys, the 

Bermudian meiobenthos was reduced in both numbers and biomass. 

The reduced values were in agreement with other studies indicating
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lower populations in the nutrient poor Sargasso Sea.

18. Twenty-nine harpacticoid copepods were new to Bermuda. 

Significant changes were noted in the distribution records of 

several species. The me io benthic copepods were separated into 

6 distinct zoogeographical groups: (1) cosmopolitan, (2) warm 

temperate and tropical, (3) North Atlantic, (4) North Atlantic- 

Mediterranean, (5) Endemic to Bermuda and (6) uncertain.
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