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Abstract 

\ . 
Life cycle and behavi?ur stuRies were m~de'f~om 1966 ~ 

tu 1969 on the pontellid copepod (formerly 4nomalocera· 

patersoni) ~n the Gulf of St. Lawrence. A new species, 
a 

~J opalu:3, lS prc1po~eq on the basls' of morphologieal 
) 

difference~ between :DpeClmens from the eastern à.nd western 
~---- , 

North Atlantlc. The distrlbution of this species in the 

Gulf of St. La\ITenêe lS discu$sed and rtaupllar stages are ~ 

descrlbed in detall. Notes are glven for the identlflcation 

of' çopepodltBC. The suggestion is made that A. opalus may 
, 

overwinter as a resting egg. 

Aonew morphological structure for surface àttachment. 

is descrlbed WhlÇh, with observed behaviqur, suppor~s the 

classiflcation of A. opalus as a pleuston copepod. A new 

pigment sy3tern lS described with speculatl?n on ltS use. 

Two other (Ingment systems are discussed. Notes are gi ven 

on other species found at the surface interface in the' Gulf 

of St. Lawrence. 

, v 

.. 

. .., ... 



/ 

) 

. , 

Sommaire 

Des étU'des sur le .cycle vital et' le comportement d'un 

~opêpode pontellide, lauparavant Anomalocera patersoni) ont, 
.' 1 

été falt dans le Gorfe du Saint-Laurent: Une nouvelle 

espèce', A. opalus., est proposé sur la bas,e des dlfférences 

morphologlques entre des sF.écime~s pr6venant de l'Atlantlque 

nord-est et nord-ouest respectivemen~. La distrlbution de 

cette espèce dans le, Golfe' du Saint-Laurent est discutée et 

les stages de développement (naupllus 1-6) sont décrits en 

détail. Des crltères sont fournis pour l'identification des . 
stages copépodites CI-V). Il est suggéré que A. o]alus 

'survlt en hlver sous forme d'unE spore. 

Une nouvelle structure morphologlque est décrite laquelle, 

quand on consldère le comportement observé, supporte la 

classific~tion de A. opalus en-tant que copépode du pleuston. 

Un nouveaù système de pigmentation est dé,cri t et son' rôle 
L. 

dlscuté. Deux autres système~ de plgmentation sont également 
. 

étudiés. r.Nelques autres espèces, qUl son~ trouvép dans les 

eaux de surface d~ Go~fe, sont aUSSl étudiées. 
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Introd.uction 

The initlal purpose of thlS study was to determine as 

much as possible about the Ilfe of the pontelli~ copepod, 

Anomalocera patersoni, ln the Gulf of St. Lawrence. There 

was to be an emphasis on Anomalocera's Ilfe cycle and its 

relationshlps Wl th the' special class of surface llJe known 

as plBuston. When the study began lt was uncertaln that 

there was a slgniflcant development of pleuston ln the Gulf 

of St. Lawrence, and it was not clear whether Anomalocera 

maintalned ltself ln the Gulf as a true breeding population 

or was lnste11 swept in from outoide the Gulf as a summe~ 

lmmlgrant. The former alternatlve was found to be the case 

(Sectlon VI), and lt was also found that Anomalocera lives 

ln a very close relation to the surface interface and is 

therefore a pleuston animal. The first section of this work 

lS a general reVlew of the pleuston environment and life, a~1 

lncludes a dlScussion of latitudinal variation of Othe marlne 

pleuston. The life cycle lS dlscussed ln Section VI. 

To study the life cycle, extensive plankton collections 

were made over three years in different parts of the Gulf of 
... 

St. Lawrence. Durlng the spring, summer and fall' of each 

year samples were taken roughly each week from shore stations; , 

these were augmented by a number of cruises over the Gulf on 
1 

ships chartered by the Marine Sciences Centre or by the 

Ir 
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Fisheries Research Board. Three winter cruises were made on 

icebreakers. It ~as hoped initially that Anomakcera's life 

cycle would take the form of several relati vely weIl defuled 

generatlons WhlCh would make a number of populatlon deter­

mlnations posslble, and allow interesting compari~ons of a 

pleuston copepod with other bett€r ~tudied copepod species 

(see Calrns 1969). Before this could be do ne the development 

stages of Anomalocera had to be determined and described 

(Section VII). 

Exanlination of the qollected materlal showed a con-
, 

tlnuous breeding of Anomalocera over the summer months and a 

considerable patchiness of the populatlon ln terms of nwnbers 

and stage compositlon. This made lt difficult to make any 

but the most general statements about the generations of this 

copepod in the Gulf. One surprising result of the three 

- years work was a consistent appearance in Jure of Anomalocera 
/ ln the form of naupliivand early copepodltes, the adults not 

arriving for another two or three weeks. Since Anomalocera 

on bath sides of the North Atlantic shows a northward 

extenslon of its range in the summer, it was initially 

thought that ltS introductlon into the Gulf of St. Lawrence 

mlght be related to Le Danois' concept of Transgresslon 

(Le Danois 1934, Sewell 1948), but the first appearance of 

the copepod in the form of nauplli in June, repeated for 
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three years, 'suggested something different. It was unllkely 

that very early developmental stages could arrlve 80 

punctually from the long dlstances whlch would be necessary. 

Aùul ts would be expected and the tlmlng would be less regular. 

EXaIDlnation of the surface currents of the Scotlan Shelf and 

Gulf of Maine made the introduction of surface plankton into 

the Gulf from out~ide Geem very unlikely. 

The hypothesis of a resting egg was seen as a more 

SUl table means of explaining the data. The conclusion that 

Anomalocera IS a shelf wa ter genlJ.s (Gee "below) ,is congruent 

VIl th the re sting egg theory; ln fClCt both ideas are mutually 

8upportl ve. Re sting eggs are of mo st value to plankton 

speCles over shallow water and specles w;lth restlng eggs 

are expected to have breeding centres inshore, for example 

the marlne cladocerans. 

(.\ 

Early in the study lt became apparent that !. patersoni 

in the Gulf of St. Lawrence differed substantlally fr-om 

descriptions of the species from European waters. Later ln 

the study speclmens from other parts of the North Atlantic 

becam~ available for examination with the result that a new 

specl~, Anomalocera opalus, is proposed (Sections II and 

III) to include the copepods from the Gulf of St. Lawrence 

and shelf waters of the western North Atlantlc formerly 

classified with !. pater~oni. The name, opalus, is derived 

from the opalescent pigment system dlscovered in this 

species (Section IX). 

) 
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The morphological dlfferences between the ne~ species 

and the European forrn are very pronounced and could be 

easily seen wlth low power rnagnlflcation. It was still 

necesoary to demonstrate that thlS was not cllnal varlatlon 

acro 08 the North A tIan tlC, ln Whlch case the two forms would 

be rnerely extrernes "of contlnuous lntraspeclflc variation. 

To do this the di st:ri,~bution of Anornalocera ln the North 

Atlantlc was revlewed from the Ilterature and from sarnples 

made avallable to this study (Sectlon IV). It became clear 

thGt Anornalocera on buth sldes of the Atlantlc 18 a nerltic 

copepoJ wlth bt'eedlng populatlono restricted to shelf waters 

and found very rarely in the open sea. Breedlng populatlons 

seem unlikely ln the very north of ito'range (south of 

Iceland and West Greenland), and lt ls hlghly doubtful that 

there is a slgnlficant connectlon between the populatlons ,of 

~. patersonl ln the eastern North Atlantic and ~. opalus in 

the western North Atlantic and Gulf of St. Lawrence. 

Havlng proposed a new specles and described lts dlstri­

butlon; lt was desirable ta speculate briefly on ltS origlll' 

(Section V). In the Ilterature of terrestrlal biology, 

tradltlonal arguments between,advocates of two modes of 

speclation, allopatrlc and sympatric, have become less 

frequent and acrlmonlOUS than in former times. In the 

marine Il terature this is less tru,e and there are many more 

proponents of sympatric speciation than elsewhere. 

! 
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Consequently reasons for using the allopatric model of 

speclati,on ln the speculations of Anomalocera' s or igins are 

dlscussed in sorne detdll. 

Very llttle was known about Anomalocera's behavlour 

before the preoent work. It had generally been considered a 

surface copepQd and in the Black Sea ffilcro-dlstribution 
, 

stUlhe s of !'::.... pa te't:sonl had ill\lic a ted that l t li ved near the 

-surface lnterfac,e and\ belonged to the pleuston. ThlS lS an 
, 

lmportant aspect of the life hlstory of~. opalus and lt was 

given rnUch attentlon ln this study (Sections VIII and X). 

A surface-attachrnent structur~ was d13covered on the 1st , 

prosome segment of aIl copepodit~ ,stages and lts use 

observed both in the laboratory and at sea. AlI stages of 
.' 

~. opalus,except the eggs and the 1st nauplius stage, were 

found at the very surface only. Other observatlons also 

indicatcd that t~i8 speci€s llves ln close associatlon with 

the lnterface and may too be considered a pleuston species. 

Three apparently complex plgment systems were found in 

the adulte and copepodites of Anamalocera opalus. These are 

descrlbed and their use to the animal considered jn Section 

IX. 

Durl:hg the micro-distrl bubon study of ~. opalus, notes 
J< 

were made on a number of other species which had similar 

surface preferenges. This included several larvae and eggs , , 
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Df commerclally valuable fish, several SIDall plankton animaIs, 

and one phytoplankton species. It is suggested that there 
• 

may be a summer pleuston community in the Gulf of St. 

, Lawrence but that it is largely made up of seasonal forms 

(Section XI). 

The results of this study are presented b~low as 

separate sectlons. Sections TI - X are concerned Wl th the 

Ilfe of Anomalocera opalus. Section l lS a gene~account 

of the marine pleuston, and Sectlon XI deals with other 

pleuston specles found during the study. Flgures and tables 

are dispersed throughout the work as close ta relevant text 

as possible. Materlals and methods are given within each 

section as necessary, results are ~iven and discussed in 

each sectlon. 

.... 
, ,"} ... 

.... 



o 

\ 

\-

Section '1 

The Marine' Pleuston 

- , 

/ 



Introductlon 

.. ,.. 

1 

"Pleuston" will be used here to denote any organlsm 

llving by virtu~ adaPta~,on in a clofe relatlonship with' 

the air-wat~~:;!face ln elthe' fresh or salt waters. 

From the results of recent work, It appears that there are 

many such anlmals and plants ln the seas, but details o~ 

thelr biology are generally scanty. Fresh wate~ surface. 
\ 

Ilfe has been known longer and-r~eeived more study. Most , 

of the marlne studles consist of general surveys, trials oZ 

equipment, or work on a single species; there ?ave not yet 

been any detalled communlty stUdEes ,,9mparable to the Hardy 

~lankton recorder work for gener surface pJankton 
.... 

(BulletIn of J'larine Eeology) "6T" th€ Gtudies of Intertidal 

11fe by Palne (1963, 1966);- Zaltsev's work in the"~laek 

Sea (1959-1968, reviewed 1970) is the most comprehensive to 

date but must be regarded as a prelimlnary sketch of prob-

lems to be studied. Mueh of the avallable Information on 

marine pleuston cornes from observations ma~e ln the course 

of other work. ThlS knowledge, although valuable, is fre­

quently at the anecdotal level. 

:!" ~ 

At present it is impossible ta assigû'exact criteria 
\ 

for placing an orga.p.ism un~ the term "pleuston." Clari-

fication of the term should be seen aS.a major problem in 

studies of surface life Instead of something done ~rior to 

o \ 
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research. ThlS is nCft the common app:çoach ho.we-q-er, -and 

" ' 

terminology will be discussed below'. Spatial proxîlliity tQ 
,­

\ 

the surface interface 'rnay lndica te' a role ln a surface. 

cornmuni ty, but rnany anullals are distri buted over a wid'8 

vertical range or corne/to the lnterface only for brief 

perlods aÎld 'have closer ties Wl th other communi tics. Con-
~ / 

sequently.dlscontlnuous ver~lcal m~cro-dlstrlbutlon with the 
, 1 

greatest number.s closest to the interface lS seen as a key 

feature o'f pleu3ton. There have been a nurnber of s"tu.dles on 

v~rtlcai dlstribu~ion withl,~~he upper meter of surface 

water (Dell~ Croce and Sertorlo 1959, Specchi 1969, Zaitsev' 

, 1970, Charr:palbert 1971, Hempel .and ,Weikert 1972), WhlCh have 
) ~ 

.. made clear sorne groups of anlrnal~) found rnost commonly at the 
, " 

surface. A frequent result lS a strong increase in total 

blomass next tb the lnterface (David 1965, Zaitsev 1970) . 

. Micro-di strl butlon 'qlone, hawever, tells n~tillng \of trophic or 
. a ~ . 

behavloural relatlonshlps between ~p~ies. The siphonophore, 

Physalia, for example, floats on the surface by means of a 

gas bladder and is always assumed ta be a pleuston animal, 

but its food gatherlng tentacles may hang several meters 
\ 

belo~ 1he surface so that on}y its st~mach is, trophically 

. .l'peaking, in the pleuston. '.rhe de-terminatian of behaviour 

" . and delineation of food we~s will be major steps in the 

clariflcation of pleuston. The existence of a special 

cornrnunityat the int~rface should not be assumed in advance 

f 

( , 

, . 

) 
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or described simplY in terms of vertical distributions centi-

.meters from the surface. 

Since anlmals and plants. evolve into interdependencles 

with each other to' form communitles,'adaptation is the key. 

element in communlty relationships, otherwise the community 

coltcept or metaphor has li ttl~ sig!llflCanc'e. The pleuston 
. 

may turTi out to ,be îorrned, of tv/o rather' separate COillITlU1ütles, 

?n,e cOIUposed of preùp.t9rs feedlng on tl1e perlphery of q.eeper 

livlng plankt~n 'populations, and another compo~ed of small 

reduce~s feeding on rich organ~c matter at the interface. 

If s~ch were true, it would make no sense to include in the 
r" _. - • 

pleuston any animal'adventitlo~sly found: at the surface even 

lf temporarily concentrat-ed there .. Special Çl.'daptation ~ , 

~nterfaclal llfe should .therefo~e be conSi~e~~d a key ele~nt 
in the determlnatlon of pleuston life. 

\ 
Two qUl te differen t schemes of te:rminolog,.~ve been 

offered recently, éach intending to de'fine aIl modes of life 

near the surface interface and éach faillngto recognize 
-

the other. Hutchinson (1967) - reviews ·the earlier wor1c in 

fresh water and presents his own scheme which is a compilatlon 
, 

o~ previous, often côntradictory, terminologiés. Zaitsev 
-'" 

(1960) (reviewed by David 1967) offers a classification of 
/ 

mar~ne surface life quite d~fferent from that of Hutchinson. 
'1- • 

There is no reason why one.sc~eme qf nomenclature cannot be 
..\ . ' 

'. 

... 



used for both fresh and salt waters, and there is a drastic 

need of simplifying"the eXlstlng schemes which presume 

ecologlcal dlviclons where no~e have been dèmQllstrated. 

The term,pleuston was first used by Schroter and 

Klrchner (1896) to denote floating fresh water plants such 

as the; duckweed, Lernna. Nawnan (1917) lntroduced the term, 

neuston ta denote ffilirnal Ilfa at the surface fllm. 

Pleuston was re-lntroduced by Garn3 (1918) ta include aIl 

Ilfe at the interface, bath Schroter ~d Kirchner's 

pleuston and Nawnan f s neuston. Gams further broke his term 

down to micro-and macropleuston. Other authors have added 

refinements and varlationsj Carpenter (1928) used super-

neuston ta deslgnate aTIlmals living on top of the interface, 

such aG the water strider:J. Hutchlnson pOlnts out that 

anlmals and plants llving on top of the surface film are the 

most important sub-divislon of the fresh water surface life. 

Gietler (1942) used the term "epineuston'1 for this group of 

orgéllllsms and "hyponeuston" for those living in the water 
. 

just below the interface. 

Hutchinson prefers pleuston as the general term in the 

sense that Garos used it. He notes that it has a definite 
1 

priority in th~ literature and is etymologically sui table 

(from the Greek1 pleustikgs, a broad term meaning ta go by 

sea, to float, sail or swim. Neuston, from the Greek, 

neustos, to swim, haB no special surfac~ connotation). 
,/ 

) 
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Hu tchinson Gubdi vides pleuston into neustçm, aIl m1cro­

organisms at the inte~face (further broken down to hypo-
~ . 

neuston, life beneath the interface, and epineuston, life 

partly ~e the interface). Macropleuston 18 used for 

large forms and epl-pleuston for animaIs living on the top 

of the Interface but ~ot 8ubmerged sueh as the water 

striders. Pref1xes are advoeated when they are neeessaryr 

At best th1S breakdown of pleuston is arbitrary' and un-

wlelJy. Hutchln.soh hlffiself contradlets It ln the sarne 

volume that he proposeû It (1967, p. 146). 

Termlnology of marIne surface llfe has taken another 

turn, and here neustoll lS the key term rather than pleuston 

whlch is relegated to a speclal ro1€( Zaltsev (1961, 1970) 

appears to have been the initlator of the marine termi-
1 

nology; his system is summarlzed by David (1967). Under the 

term, neuston, are the large subdi vlsions, eplneuston and 

hyponeuston, the former des1gna~lng Ilfe on top of the 

interf~ce but pot submerged sueh as the marlne water strld~rs, 

Halobates, and the latter terrn deslgnatlng all life just 

below the interface such as pontellid copepods. Hyponeuston 
.' 
is subdivided into four further categories: 

.Euhyponeuston - organisms living at'the surface 

day and. lllgh t. 

Planktohyponeuston organisms at the surface 

only by night. 

, 

~ 

. , 
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Merohyponeuston - larval forms at the interface. 

Benthohyponeuston bottom anlmals at the surface 

by nlght. 

Pleuston is retained to designate animaIs which rest half in 
"' 

and half out of the interface by virtue of agas float (e.g. 

slphonophores, Vellela and Physalia). Zaitsev (1970) advo-

cates the use of preflxes to make still more precise the 

relatlonship of specles .wlth the surface interface.' 

This terminology suffers from the same ills as that of 

Hutchinson and as weIl fails to observe the priority of 
, -

'pleuston. lt would be better _to have one system of nomen-

c,lature rather than two for the same thing, and, in con-

slderatlon of the present state of ignorance concerning Ilfe 

at the air-water interface, the most deslrable'system would, 

be one which pre-supposes the least. For these reasons, 

only the term pleuston will be used ln the present wark. 

Common Engllsh will be used ta express particular relatlon­

ships rather than multiple prefix sandwiches. (Zaitsev's 

bathyplanktohyponeuston translates to evening visitors.) 

Physlcal conditions at the air-water interface 

It shauld n~t be surprising that there is a rich 

developmen~ of life at the sea surface, both in biomass and ... 

• 
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diversity. Most of the earth's species do live at interfaces, 

p~haps because an interface provides place of orlentation 

and accurnulatlon of useful material. Hutchlnson (1965) 

notes, " ... al though organlsms can 11 ve ln the free llquid 

phase of Iakes and oceans, most specles prefer an envlronment 

of lnterfaces; this may weIl have been a pr~ml tlve preference." 

The sea surface, however" has recelved scant attentl;on untll 
\ 

recently, and mueh of the current work lS done by phySlclstS, 

not blOloglstS. Physical conditlons a few centimeters elther 

Glde of the sea-alr interface show steep gradlents, and 

there 18 a constant two-way flow of matter important to the 

earth's geochemical cycles. Sorne of the more biologically 

importa/ft physlcal conditions of th18 zone are dlscussed below. 

Solar radiatlon forms the most pronounced physical 

gradlent at the surface. The ill terlng effec,t of the near 

• lnterface waters lS of great l~portance to the heat budget 

of ~he ocean depths, but it is the spectral composition withln 

the fllter ltself tha~ lS of slgniflcance to pleuston life. 

Strickland (1958) estimates that about 15% of all wave-

lengths is reflected from the surface skin or scattered by 

small particles on the skin. This fraction may decrease to 

as little as 5% on a calm day or increase to 30% during very 
-

rough conditions. Once radiation has penetrated ~he inter-

face, veJY st~~ng extlnction begins which acts differentially 

over the spectrum with different wave leng~hs. Absorption 
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18 predomlnant in infrared radiation but is also significant 

in the JDng ul travlolet. Zal tsev (1970) states that wave 

Iengths greater than 1200 mu are essentiaIIy ellminated by 

the upper 10 èentimeters of water. Most of the longest 

radlation dlsappears ln the flrst mm. Ultraviolet light lS 

both absorbed and scattered rapldly so that the flrst ten 

centlmetero ellminate most of these wave lengths. There lS 

a130 a great reùuctlon of aIl vlsible llght in the upper 

mlcro-layers WhlCh is subject to much varlatlon from dlS-

30lvec.l matter, bubbles, and small partlcles. The upper ten 

cm 18 vlsually the brightest region of the sea and contalns 

nearly aIl of the invlsible radiation ln the water column; 
! 

biologlcally there is a maximum of energy avallable here for 

photosynthesls, ultraviolet cell damage and lnfrared 

heatlng. 

Zaitsev (1970), reviewing a number of studies in Russia, 

cites temperàture gradlents of one to two degrees Cel~ius 

over, the upper half-meter during calm days. Similarcresults 

were obtained in the present study, but it was found diffi­

cult to measure temperature within weIl defined micro-layers 
---." 

during even slight winds. The first mm of water is perhaps 

the layer of most slgnificant temperature change since a 

very great proportion of long-wave radiation is absorbed 

here. ThlS creates problems in the field of remote senstng. 

of ocean surface temperatures and may influence the biology 
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of near surface animaIs such as Anomalocera,whlch inhabits 

the upper mm. Evaporatlatl could significantly counteract 

the lnfrared heating of this water layer durlng windy con­

ditlons, but anyone who has read The Shadow Llne by Conrad (\2s 

knows of glassy calm seas p~rsistlng for many hot days. 

The actlon of !nfrared radiatlon may have its greatest 

effect on pleuston organisms through direct absorption 

wlthln the body. 

Ultraviolet llght may prevent sorne organlsms from 

inhabltlng the surface zone but lt appears to have Ilttle 

effect on true pleuston life. ~obell and McEwen (1935) 

found lethal effects of ultraviolet llght on marine bacteria 

at normal dayllght lntenslties but determined that as Ilttle 

as 10 mm cover of watEr provlded significant protectlon. 

The greatest numbers of pleuston bacteria live within or on 

the surface film ltself and 80 would have no such protection 

(Tzyban 1971, Zaltsev 1970, Harvey 1966). Short-wave 

radiatlon lS also thought to be lnhibitory to most phy~o­

plankton (Steeman-Nielson 1964). Marumo, Taga, Nakal 

(1971) found large numbers of phytoplankton in low latitude 

pleuston, but reported that much of it was dead or dying, 

and they attributed the dam~e to ultraviolet light. In 

the present study in the Gulf of St. Lawrence, phytoplankton 

was generally present at the surface during times of phyto­

plankton increaae. One species, Halosphaera~, was found 

, 



". 

10 

to be concentrated in the upper few cm. Dinoflagellates 

seem to be unaffected by ultraviolet light since they are 

often found at the surface lnterface in, the day time 

(Pomeroy, Haskin and Ragotski 1956, Bainbridge 1957; Zaitsev 

1970). 

Evaporatlon will influence salinity at the surface as 

well as temperature, and, under certaln conditions, an 

lncrease ln salts mlght form near the lnterface. Evaporation 

Vlould tend to reduce temperature a~ increased salini ty 

, anJ thlS could contrlbute to instabillty and prevent micro­

haloclines. One part per thousand salinlty has flve times 

the effect of one degree Celcius ln deterrnlning water 

denoity. Zaltsev (1970) reports generally homogeneous 

salinity withln the upper meter. A more likely event would 

be temporary freshening at the very surface after a down-

pour during calm conditions. 

Hydrostatic pre3sure has been clted as a potential 

influence on pleust'm life (Davld 1965, Zai tsev 1970); 

the greatest changes of pressure wlth depth are found very 

near the surface. There has been no work done ta lnvestigate 

pressure effects on near surface life, but since many 

anirnals,with and without gas-filled internaI organs, ffilgrate 

d~urnally to the very surface from great depths, it would 

not seem to be an important factor. 
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The wind has a strong effect on the surface environment 

and ln sorne Instances on surface life. MIcro-dIstrIbutions 

of srnall anImaIs would seem impossible durlng storms or evcn 

in moderate waves, but con81derable~ork has shown that 

active anlmal8 sueh as pontellid copepods are able to main-

taln their positlons ne~ the Interface ln seas as large as 

five meters ln height (Zaltsev 1970). Non-motile forms such 

as flSh eggs rnay be dispersed throughout the surface waters 

~y waves but WIll float back to the interface during calm 

condltlonS( Zaltsev states that very strong wlnds can cause 

maSSIve flGh egg and larvae destruction. He notes thdt fish 

dl th pleuston eggs such as Mugll spavm only durlng calm seas 

and during the season when storms are least freliuent. 

Wind may Induce rapld horIzontal transport of near 

sur face waters and orgarllsms. The transport of floating 

sIphonophores lS discussed below. OIson (1951) observed 

that the top inch of surface water moved faster than the water 

below,and ln the present study It was noticed that the surface 

skln and varlOUS bits of trapped detritus moved rapidly before 

the slightest of breezes; Anornalocera attaehed to ~he surface 

fIlm (Section X) moved with the film more rapldly than the 

water a few mm below the interface. Probably beeause of 

othis effective wind transport, Anomalocera was never found 

under a weather shore. Zaitsev (1970) describes instances 

of large ~umbers of pleuston animaIs driven ashore by wina 
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(see also Wllson 1958), but this would be of signiflcance 

only ln enclosed waters. In the ôpen se~ wlnd systems are 

roughly congruent with the large current systems; Heinrich 

(1969, 1971) found that pontellld copepods in the Paclfic 
. 

had dlstributions slIDllar ta those of other non-pleuston 

copep)~ .~ 

The most important effect of the wind on surface Ilfe 

is the 18J1gmuir circulation found in ~Joth lakes and oceans. 

Under stress of wind, thermally unstable surface water 

breaks up Into a serles ofhnear and parallel rotating cells 

allgned approximately with the dIrection 01 the wind. The 

rotatlon of the cells alternates so that a clockwlse cell 

IS always bounùed by two counter clockwlse cells or helices; 

a water parcel ln the outer portion of a cell de scribes a 

splralling course with a net horizontal movement before the 

wlnd. There results an alternate divergence and convergence 

of surface water between paIrs of cells. The convergence, 

where water is sQnking from two cells, collects floating 

matter such as foarn and seaweed into long parallel streaks 

known as wlnd rows, a persistent feature of the sea surface. 

The spacing of the wind rows varies positively with wind 

velocity and is an index of the size (or depth) of the cells 

which may be several meters in diameter (Langmuir 1938, 

Woodstock 1941, 1944, FalIer and Wood C ock 1964) • 

• 
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The rnechanlsm explalning the structure of the hellcal 

cells has not been clearly formulated, although there are 

numerous papers offering complex models. Stommer (1947) and 

FalIer (1964) suggested shear flow instabillty as a"llkely 

mechanism, but Scott, Myer, Stewart and Walther' (1969),ln a 

critical review, dlSCUSS ~ different mechanisms, sorne of 

which may work in concert to produce the heIical structure. 

Owen (1966) dlscovered what may be another type of surface 

cell. He found a very much ~maIIe~ spa~lng of rows on a 

wlYldless day WhlCh had concentrated large numbers of , 

Olkonleura. 

ln the oceans, but not evidently ln lakes (IIutchinson 

1957), there lS an effect of the earth's rotatlon on the 

Langmuir cells. The wlnd rows in the northern hemisphere 

stream at an angle to the right of the wind dlrectiorr, and 

the surface drift component to the right (ln cIockwise cells) 

lS greater than the drlft to the ieft (ln counter, clockwise 
1 

cells). This ~akes the clockwise helices Iarge~ an~ gives 

an asymmetrical spacing to the convergences and divergences. 

ln the southern hemisphere this situatl~n is reversed 

(Woodcock 1944, Mu~k 1947, FalIer 1964). A posslble bio­

logical effect of this asymmetry was proposed bY'Woodcocko 

(1944) to account for the dimorphic sails of the sip~ono-
, , 

phores, Vellela and Physalia. The sails of these animaIs in 
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the northern hemisphere are ~rrang€d s~ that the anlma1 sal1s 

somewhat to the left of the wind dlrectran. The rever3e 

dimorph lS found ln the southern hemlsphere. Woodcock 

theorlzed that such a path across the asymmetrlcal spacing 

of the convergences and divergences wou1d keep the animal in 

the divergences longer than ln the convergences. He s~ggested 

that the convergences were hazardo,us bE:cause of accumu1ated 
1 

f10ating matter and that the dlvergences were p1ankton rich. 

Subsequent '"vork on the siphonophores (Savi1ov 1956-1966, and 

a reVlew by Edwards 1966) suggests that the dimorphlsm may , 

not be entlrely antimeric. 

Other b~ologlca1 effects of the Langmuir he1J.ces result 

from -thelr abl1lty to clrcu1ate disGo1ved or non-buoyant 

partlcu1ate matter through a part of the surface waters and 

thelr tendency to concentrate partlcleo and olls. Anything 
v 

llght enough to reslst being pu1led downward in the con-

vergences will bè concentr~ted there. Seaweeds, assorted 

f1otsam, small upward sVlirnmlng or f10ating animaIs are 

common1y seen in the wind rows which may provide she1ter or 

food for other animaIs. Hutchinson (1967, p.o 290) presents 

other mode1s for CŒC9ntration at different points in the 

he1ices. It appears that particles showing a slight 
\ 

area below the tendency to slnk may be kept ln a retention 

divergences (Stommel 1949), a possibility that supportS' 

Woodcock's theory of siphonophore dimorpchism. Although 
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there have been no detailed studles of the animaIs and 

plants concentrated by the convergence, scattered obser-

vatlons 3uggest that thls lS a cooonon event at the surface. 

Dlnoflagellates have frequently been seen ln the wind rows 

(Bary 1953, Bainhr.::tdge 1957), as weIl as larvaeceans (Owens 

196(,), flOh larvae, and small crustaceans (Jl.utchlnson 19G7, 

CaS31e 1963, Z~itzev 1970). \ 
1 

The horizontal transport of surface water luto the 

convergences may also result ln a pile up of monomolecular 

layers of surfuce actl ve compound8 to form a wave déll'.penihg 

SllCk. A number of recent papers have shown that 3ubmerged 

air bubbles ln the presence of surface actlv;e cpmpoundG wll1 
'Ir. 

result ln the~~ormatlon of particulate detrl~u8 which may be 

used 'dlrectly as food or as substra:tes for lxlcterla. A 
.' 

bubbl-e swept downward ln a convergence may dissolve leaving 

behlnd the coalesced organic compounds WhlCh were lnltlally 

attached to the surface lnterface. A bubble may also 

attract dlssolved organlcs durlng lts passage through the 

water. The wind row convergence both concentrates organic 

compounds and provldes a downward passage for small bubbles 

and may be important in the production of detrltus in the 

oceans (Riley 1963, Baylor and Sutcliffe 1963, Sutcliffe, 

Baylor and Menzel 1963, Barber 1966, reviewed by Riley 1970). 

Oils of biological origin, e.g. from phytoplankton cel~, 

plankton arl~als, whales, and dissolved organics m~y form 

cU' 

. 
o 
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slicks over wide areas of the ocean surface (Dietz an~ 
Lafond 1950, Garret 1965,.Zaitsev 1970, Wilson and Colliér 

--' 

_ 1972). Any of the8e compoundo may have their origin~ at ' 
\ 

depth but may be brough"t to t'he surface" as droplet8 lighter 

than water or attach -to the surface interface if the y are, 

polar r or 

(aero301b 

~ ~ 

to 'other- molecules already at the 'lnterface . f\ " ' 
:Juch 3..:::: pesticlde::; and hydrocarbon'3 f'all onto the 

interface from the atmoopherc cau8lng further accumulation), 

Hon-partl'c ula te organlc compound::; ( exclusive of vlsi ble 

SllCk:::.;)c are fo~~d in the surface skin ln amounts a3 much as 

an order of magnitude greater th<J.l1 Hi the water Just belCJ..V 

the sInn (1hJhlZaWa 1971, Zal tsev 1970)... Ai noted above 

. , 

thln layers of maleCules on the lnterface can be concentrated 

by the :::;mall-scale wind rOW[i to f arm slicks. The action of 

lnternal waves 'éan have a sirnilar ef'fect over a wlder area 

(Evnng 1950) and probably through other ·physlcal means such 

as~nt gyres or convergences. Local areas of intense 
l <1 

primaFy production o~ zooplankton grazing may also produce 

slicks. 

The gencral importance of slicks ta pleuston life lies 

in thelr ability to damp waves (Dietz and Lafond '195O, Garret 

and Bultman 1963) , which would have a mechanical effect on 

the surface envlronment. There would also be an albedo effect 

which would 'result in a great PfJnetration of solar radlation 

throug4 the interface and a decrease in evaporation whi"ch 
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, 
, could promo te heating at the surface. Bacteria and other 

- heteratraphs wauld be expected ta be canc~nt~id in areas 

of rl~h organic matter (Harvey 1971). 

~ 

The physical characterlstlcs of the sea surface are 

IDDre extreme and show 'a greater potential for rapid change 

than the same varlablec at greater depths. Temperature 

and salinlty c~ at tlmes be elther higher or lower than 

ln sub-surface waters, pressure changes ~ost rapidly with 

depth at the surface, and turbulence lS usually many orders 

Qf magnitude greater at the lnterface than elsewhere. The 

greatest amount of solar radiatlon in the wate7 column, 

especlally of the ultravlolet and infrared wavelengths, lS , 

found ln the upper few centimeters. It is often assumed 

that life nt the interface is more difficult than the less 

challenglng existence in the physically bufferedèepths 

(Davld 1965, Zaltsev 1968, 1970, and elsewherè). The 

extremes found at the surface are not great compared to 

those of terres trial deserts which have not been insur­

mo~table to l~fe; pelagie organisms" have successfully 
, 

lnvade~ estuaries where physical change is always great. 

The interface is a zone of material accumulation and a 

plane o~ spatial orientation for organisms,; i ts, grèatest 
~ .. 

significance lies here rather than in its ext!eme physical 

regime. 



18 

) 

~ 

The accumulation of matter at the interface may 

indirectly affect life at the surface through an increase in 
(,,1 

habltat diversity. Floating seaweeds, large and small 

al~ochthonous part~cles ranging ln size from microscopic 

seston ta large pieces of drlftwood create potential niches 

not found ln the water column below. TheGe materlals break 

f up the envirol1ment by creatlng refuges wllich may aIso permit 

increased diver8lty of specles (Slobodkln 1966). There have 
1 

as yet been no dlverslty studles comparing pleuston species 

with upper pelagic specles. This will be most lnterestlng 

work for the future. 

\. 
,,\' 

> ,,-', 
-~ 

Pleuston life 

A suitably broad definltlon of pleuston would include 

organisms " .•. ln any way assoclated with the water surface." 

(Hentschel 1935) whlch wo~d include whales t turtles, birds t 

and aIl other creatures swimming or floating in the water, 

r~ing over the top of the surface film or attached to it , 
from below. There 18 no reason to exclude seafaring man who 

sails on ~loating ships ln much the sarne way as the gooseneck 

barnacle, Lepas, attaches ta l2ght bulbs, solidified crud~ 

oil l~ps and driftwood. Hentschel's liberal definition bas 

not met with great approval (Zaitsev 1970)~ but it will be 

followed here in spirit. 

• 
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Most of the plants and animaIs described below are 

assigned to the pleuston because they are found very near 

the surface and show sorne special adaptation to surface 

life (that is, sorne reason other than accident for being 

at the surface). Sornetimes animaIs may seem to be part of 

the pleuston only because they are frequently caught at the 

surface and show sorne concentratlon there. Zaitsev (1970) 

giyes vertfc3.l rnicro-distrl butions \Vi thln the uppen meter 

of surface water for several small Black Sea anlmals f among 

them copepods, cladocerans, and invertebrate larvae. These 

distributlons show about twice as many animaIs in the upper 

flve cm J3 ln any of the layers sampled below, 5-25 cm, 

25-45 cm, 45-65 cm. No data a:r~e avallable for dlstrïbutions 
" 

of these anlmals at greater depths. Sorne sirnilar results are 

given by Della Croce and Sertario (1959), and Delia Croce 

(1962). 

", 

Zaitsev (1970) appears ta consider these animaIs 

pleustonic but lt is possible that the surface interface 

itself causes these distributlons among randomly swimming 

animaIs whose vertical range terminates at the interface. 

Such an animal accidentally encountering the interface will 

be stopped there momentarily until it can change direction 

and move away. In the absence of the interface, its 

swimming path would have taken it to a further point. The 

result will be an accumulation of animaIs at the surface 
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without entailing the continued presence of specifie 

individuals there. In a similar way, animaIs with a posi-

tive phototropism may be stopped at the sea surface for a 

tlme until light condl tions chcUlge or the phototropism 
'\ 

ceases to operate (Russen 1925). In neither case would lt 
, 

-

be the lntention of the animaIs to remaln near the interface. 

The result would be an enrichment of biomass near the 

surface. 

Another lmportant source of surface enrichment is the 

addltion to the interface of dead or dylng organlSffis both 

from the atmosphere and from the water column. Probably 

the most important, especially in the open seas, is the 

antlraln 6f-Zaltsev (1970). Dead anlmals become buoyant as 

smalll gas bubbles released during decomposi tion form beneath 

the exoskeleton. They are brought to the lnterface and may 

collect there in large enough numbers to be an important 

food source for pleuston animaIs and a substra~e for 

ba~teria. Deq:d phytoplankton may also appear at the surface, 
1_-

but it is not ' ' they are killed before certain-whether or 

after arrivaI at the surface (Marumo, Taga, Nakai 1971) •• 

Savage and Wimpenny (1956) found great concentrations of 

dead or dying Coscinodiscus floating at the surface in 

clumps at a time of maximum phytoplankton growth. liFu~s 

were observed eating the clumps of diatoms. 
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Living crustaceans' with hydrofuge exoskeletons 

(Oladocerans, hyperlid amphipods) may become trapped in 

the surface tenslon and, although no quantitative measure­

ments have been made, trapped anlmals do appear to provide 

food for Halobates, and David (1965b) observed a marine 

surface fish, Mupus, to feed on such trapped animaIs. The 

white bass, Roccus chrysops, swims beneath wind rows in 

lakes eating surface-trapped Daphnia ln the sarne way 

(Hutchinson 1967). 

Alrborne seeds, pollen grains, and insects falling on 
< 

the sea surface provide the second major outside source of 

organic particles to the pleuston, although the importance 

of thlS mate~ial lS restricted to near shore or enclosed 

bodles of water. In the Black Sea floating insects and 

plant matter may become extremely lmportant at certain times • 

of year, and both insect fragments and pollen grains have 

been found in the guts of pontellld copepods; pollèn is 

eaten by Noctiluca (Zaitsev 1970). In the Gulf of St. 

Lawrence durlng the present study, pollen frequently clogged 
~ 

the surface nets and layon the water surface in widespread 

yellow mats. Insects often made up the bulk of pleuston 

samples, especially flying ants in the spring. It is not 

known how important this _source of food may be to pleuston 

animaIs, but since most of it is unsinkable, it is likely 

that pleuston reducers will benefit from it if nothing else 

does. 
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Cassie (1963), David (1965b), and Zaitsev (1962, 1970) 

have emphasized that the usual methods of plankton collect,ion 

inadequately sample the very surface. A net wlth a 

circular aperture hauled just at the surface,flshes at the 

lnterface with only a tiny proportion'of its mouth area; 

often the surface layer rolls up ~ over the top of the net 

so that none of this layer lB flshed. A vertloal or oblique 

net haul will flSh the surface for only a few feet of lts 

total run and again may push most of the encountered surface 

water aside wlthout fllterlng lt, especially if the net is 

partially clogged at the end of the haul. To overcome these 

limitatlons, nets have been made with rectangular apertures 

mounted on floats or skllo (see Figure 16), or suspended frOID 

booms. Samples are taken at various speeds, dependlng on net 

deslgn and the organisms i3ought. A usual concer~ is ta get 

the ~et away from the wake of the shlp to fish undisturbed 

water. The use of keelo, booms, or drift nets will accomplish 

thls. Zaltsev (1970) has reviewed standard methods as weIl 

as ways of collecting special components of the pleuston such 

as bacteria. The following authors have descrlbed various 

techniques of pleuston collection: Parr(1939), Willis (1963), 

Zaitsev (1962, 1970), David (1965), Harvey (1966), Rivers 

(1966), Bieri and Newbury (1966), Marinaro and Henry (1968), 

Sameoto and Jaroszynski (1969), and Ben-Yami, Herzberg and 

Pisantry (1970). 
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Results from a number of studies indicate that bacteria 

are found in much greater numbers at the surface lnterface 
~ 

than elsewhere in the water column. Harvey (1966) was able 

to sample the top mm of water by pushing a slowly rotating 

drum ahead of a smal~ boat and removing the thln w~ter layer 

adhering to the drum. He found bacteria in much greater 

numbers in these samples ~han ln samples taken with a 

surface bucket. The bacteria were often associated with 

clumps of detritus. Sleburth (1965) obtained similar results, 

but in another study (1971) found sorne areas in low latltudes 

with reduced bacterla, suggestlng solar inhibitlon. Tsyban 

(1971) states that bacteria are common both on or within the 

surface film and in the two cm below lt; these are consldered 

two types of bacteria 'communities. Bacterla from both rnlcro-

layers are usually two orders of magnltude more numerous than 
-elsewhere in the water column, and up to four orders of 

magnltude ln the oceanic Paciflc. Zaitsev'(1970), Tsyban 

(1971a and b), and Tsyban and Polishchuk (1969) note that 

the surface bacteria is not dispersed by stormy weather and 

that seafoam is an important habitat for bacterial and 

protozoan communitles. Pleuston bacteria possess strong 

proteolitic and llpolitic activity and bright pigmentation. 

There are many species, mostly of the genera Bacterium and 

Pseudomo~s. 

The composition of pleuston phytoplankton appears to 

differ from that of the general surface phytoplankton. 
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'_ Steeman-Nielsen (1952) found that photosynthesis of diatoms 

could be inhibi ted by an e:XDess of visible Iight as weIl as 

ultraviolet Iight, and Harvey (1966) found fewer diatoms in 

his interface samples than in the water taken by a surface 

bucket. Zaitsev (1970) notes the p~uClty of healthy diatoms 
,. .. ~ ./ 

in the pleuston and the frequency of dlnofl~~ellates such as 

Noctiluca and Gyrrmodinlum, a red-tide organisme He notes 

that reducers are common in the pleuston and t~is may be why 

the dlnoflagellates have adapted to this envirOnment. 

Motllity may also be a factor. Further examples of dlno-. 
flagellates llvlng at the surface are given above in the 

discusSion of ultravlolet light. The unusual phytoplankton 

genus, Halosphaera, is dlscussed in Section XI. 

Macrophytlc algae has numerous representatives in the 

pleuston, but it is not certain that any of them, other than 
" 

specle:3 of Sargassum, are 3peciflcaIIy adapted to this 

ha~tat. In the Gulf of' St. Lawrence, many types of seaweeds, 

but most commonly Fucus, were found at the surface during 

mont of the year. No studies have been done to determine 

whether these plants ar,e reproduclng at the surface. Thelr 

importance in the pleuston is not known, although they give 

shelter ta a number of animaIs at the surface (Section XI). 

Protozoans appear to be weIl represented at the 

surface interface. Harvey (1966) found over 4000 micro­

fIageIIates (less than 15 microns) per liter in the top mm 

J 
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of surface water but none in a surface bucket Gample. 

Cillates were found ln nearly equal numbers in both samples. 

Zaitsev (1970) notes that sea foam contains many micro­

flagellates in assoclation with bacteria, and Cassl~ (1963) 

cltes unpublished observations of Norrls that the micro-

flagellate, Chrysochrum ulina, attaches to the surface fllm 

wi th i ts haptonema. Balnbr'idge (1957) found flagella tes 

concentrated ln wind rows, and Bary (1955) observed 
1 

Pyrosoma at the surface off New Zealand. Zaitoev (1970) 

revlews rnany other lllstances of protozoans found ln the 

'pleuston', lncludlng tlntlnnlds WhlCh are very corrunon in the 

top flve cm of the surface, at timeo ln numbers four orders 

of magnltude greater than ln water below this level. 

Hutchinson (1967) deocribes surface fllIh attachment by the 

basal stalk of the tlntinnld, Eplstylis flultans in fresh 

waters. Paciflc RadiolarlanG and Foraminifera have also 

been found at the interface (Willis 1963). 

Rotlfers appear of tep in the pleuston~ Hutchinson (1967) 

describes frcsh water speci~s with internaI floats and Zaitsev 

(1970) notes rnany instances of rotifers with rnarked surface 

concentratlons. During the present study in the Gulf of 

St. Lawrence, rotifers were encountered frequently ln the 

pleuston and during oné surruner appeared in a vast swarrn almost . - ~ 

entirelyat the interface (Section XI). On sorne occasions 
. 

small Iarvae of other invertebrates have been reported at the 

.. 
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interface but not in sufficient numbers or frequently enoug~ 

to make generalizations possible. A holothurian larva found 

at the interface in the Gulf of. St. Lawrence lS described in 

Section XI, and crab megalops are common pleuston samples. 

Zaitsev (1970) gives strong surface micro-distributions for 

larvae of Balanus, lamellibranchs and gastropods. Young 

Mytilus attach to the surface film with the byssus. 

\, 
Eggs of both flSh and'invertebrates appear to be common 

in a varlet y of locations. Cod and halibut eggs in the Gulf 

of St. Lawrence were observed during the present study at the 

surface interface as weIl as great numbers of unidentifled 

lnvertebrate eggs. Zaitsev (s~arized 1970) has done much' 

work on the vertlcal distrlbutlon and biology of fish eggs in 

the Black Sea, especlally the eggs of the anchovy, red and 

grey mullet, dragonet, an~ sole, aIl of which have s!rong 

pleuston distributions. The need to survey fish egg densitïe~ 

ln Russian seas was in fact the motivating force behind the 

first pleuston studies (Zaitsev 1959). There seems to be 

two methods of flotation of fish eggs; the most common is a 

low de~sity caused by large amounts of fat droplets. In the 

case of Mugil, the action of ~ hydrofuge outer membrane traps 

the egg in the surface tension. The latter situation would 

appear to be an adaptation to keep the egg in the surface 

layer, perhaps, as ZaitseY suggests, to hasten development 

time by staying in the warmer surface water (and possibly by 
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absorblng heat directly from lnfrared radiation). Low 

density could also De an adaptation ta Gurface life, but the 

surface distrlbution could also be a non-adaptlve oy-product 

of Gtored fat. Zaltsev points out that fish egg surveys made 

wlth ordinary plankton nets are subject to drastic revis ion 

in the cases where eggs float at the very surface. 

, 
There 18 a large assortment of animaIs from other 

lnvertebrate phyla WhlCh are cornmon ln troplcal oceanic 

pleuston, many of them of great beauty. Examples are the 

slphonophores, Por~lta, Vellela, Fhyoalla, the nudibranch 
1 

Glaucus, the purple snélll, Janthina, pelagie anemones, and 

several omall squld includlng the paper nautilus, Argonauta. 

AlI of the above are coloureû varlOUS shades if blue, purple 

and green (se~ pavid 1965b for colour photographs). AlI of 

these animaIs appear to be carnivore 3. The attachment to 

the surface is effected by gas floats (slphonophores), secreted 

bubbles encased in mucus (Janthina, 'anemones, stalked barnacles) 

or by ga~ bubbles withln the body (Glaucus). By virtue of 

these floats they are obligatorily restrlcted to the surface 

lnterface. There has been no comprehenslve study of aIl of 
, 

these animaIs in one locality, but details of their biology 

can be found in a number of papers: Wilson (1956), Bayer 

(1963), David (1965b), Savilov (1956-66), Totten (1960), 
. , 

Zaitsev (1970), and in sorne books of general marine biology~ 

the writings of William Beebe (e.~ 1926), Murray and Hjort 
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(1912), Marshall (1954). 

F1S11 are common at the surface but it is often dlfficult 

to asslgn thern to the pleuston becaus8 they may crU1se ov~r a 

greater depth range than smaller animaIs. Tuna, swordfish, 

anJ sallf1sh at tlIDes inhabit the near surface waters as does 
r 

the ocean sunflsh, Mola rnola; the larvae of these fish and . 

rnany others live near 'the interface. AlI species of flying 

fi3h and the needle fiGh, Scomberesox suarus (Nellen 1971), 

rnay beconS1dered permanent mernbers of the pleuston. Most 

pleuston flSh keep ra the 3urfaèe by vlrtue of their 

behavlour rather tnan by speclal structures (i t Ül assurned 

that regulat10n of the swim bladder cornes under the heading of 

behaV1QUr). ExceptIons to thlS would be larval flying f18h, 
, 

and sorne sargacso f13h. The fry of several cpec1es of mullet 

have been observed ta hold external air bubblcs between the 

dorsal fins. Seen'from above, a school of these fryappears 

as a patch of silvery bubbles and 1t is possible that this i8 

camouflage as weIl as a flotation device (Zaitsev 1970). 

To return to Hentschel's broad definition of pleuston, 

it i8 necessary to consider the blrds which get thelr food 
/" 

from the sea surface. Many sea blrds, espec1ally the tube 

nase birds (Tubinares) feed mainly on zooplankton near the 

interface. Very lltt~e lS known about the actual stornach con­

tents of petrels (Fisher and Lockley 1954, Huntington pero 

comm.) but the nature of their feedlng suggests that they must 

1 

~ 
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take animaIs from the surface. Zaitsev (1970) has observed 
" 

the feeding behaviour of several sea birds including the 

kittiwake, Rlssa tridactyla, the shearwater, Puffinus pufflnus, 

and several species of petrels of the genus Oceanodroma, and 

found themall to be feeding Just at the interface. Although 

it 18 unlikely that they are feeding excluslvely on true 

pleuston species, especially ln boreal waters where deeper 

Ilvlng zooplankton may come occasionally to the very surface, 

\ :fo:r Jxample Calanus finmarchlcus (Marshall and Orr 1954), l t 
1. 

is llkely that the blrds have at leaot sorne effect on the true 

pleuston ffild rn~y be a functlonal part of a pleuston cornmunlty. 

'fhe first efforts to study the pleuston of European seas were 

made to determine the amounts and types of food available to 

cea blrds (DaVid 1956). Zaitsev also notes that there 18 a 

bat WhlCh feeds exclusi vely on inshore pleuston (see Griffin ,~ 

1963). 

Gudkov (1962) calls attentlon to feeding associations of 

whale8, birds and plankton. On one occasion, he found 15 

specles of birds, and rnany whales congregate,d 01{er a shoal of 

Galanus. Similar observations. were made during the p:~sent 

study ln the Gulf of St. Ttiwrence; basking sharks were often 

present but, although they feed at the surface, their mou'hs , 
function in sornewhat the sarne way as surface hauled conical 

plankton nets which, as Zaitsev notès, undersample the pleuston. 

It is not known whether these multi-phyletic feeding 

associations occur with the true pleuston. 
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David (1965a) notes that the pleuston largely dlsappears 
~ 

in h~~l Iatltudes, but there 18 no obvious reason why thlS 

should be 00. Zaitsev (1970) reports that there is Ilttle 

pleuston (diversity and bloma3s) in both the nortnwestern 

Paclfic and the Antarctic (positions not given). He presumes 
, 

water temperature ~o be the decidlng factor but also notes 

that freezlng air temperatures and sea lce would ellminate 

speCles \vi th surface protruslons. It io doubtful that this 

virtual dlsappearance of pleuston io related to other species 
" 

diversity gradientD, because the lo~s of pleuston in high 

l ati tudes 1:3 so abrupt (Anornalocera iD possi bly the only 

permanent pleuston alumal in the boreal Ir orth. A tiantlc) . Low 

air or water temperatures should not in themselves make all 

pleuston 11fe impossible. 
() '"'" .( + 
',~ 

The overt adaptations to surface Ilfe seen in the tropics 

such as protectlve colouration, fJ,otati6n devices, structural 

association with the interfac~, IDlght be considered flne 

niche speclallzatlons, espeeially when compared to generalized 

sueh as Calallu3. Thi0 may be related to a remark by 

(1971), 
, 1 

that a specles can b~ expected to adapt more 
~ , 

to par'tlcular and restricted roles in.a eommuni ty if 
o 

there is a constancy or fidelity of other components in the 

communi ty (see also, Fager 1957, 1963). In, the higher lati-
, 0 

tudes, pronounced seasonallty creates great changes in 

plankton composition and there is presumably a low degree of 

, , 
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fldelity within a given plankton community or water layer 

(although the changes in plankton composition ma~ be 

predictable). Seasonal ontogeny, seasonal vertical migrations, 

and chang,es of biomas,s-in the high latitudes are aIl in strong 

contrast to the steadier conditions of the tropics. The 

marked seasonal changes in the li~e of high latitudes and 

the more generalized lllches found there, may result from the 
. 

types of, evolutlonary strategies necessary in fluctuating 

environments, at leas~ when these environments are of recent 

orlgin (Dunbar 1968). 

It is also possible that there is more of a pleuston 

community in the hlgh la~itudes than has been suspected. 

Species may be present near the interface without the special 

features common in the tropics. Detailed work over long 

periods of time stressing both micro-dlstribution and 

behavlour will be necessary ta determine this. More likely 

there is an lncrease of temporary forms. Many of Zaitsev's 

Black Sea examples of pleuston are clearly ontogenetic or 

seasonal. Anomalocera disappears from the northern parts of 

its range in the winter, and in the, Arctic and ~ntarctic 

species have been found at the very surface but only during a 

small part of the year (Dunbar 1957, Amphipods; Marr 1962, 

Euphausids). 

, ., 
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It is difficult to say where the importance of the 

pleuston ~les; it may be both economic and environmental. 

Many of the subGtances which enter the sea from the land and 

from man t s acti vi tie:::;\ do so through the surfac e interface, 

for example, pesticide aerosols, partlculate matter from 

sOlls and factories, and radioactlve fall-out. Zmtsev (1970), 

who champions the extreme surface as a most lmportant 

incubator .for many commercial fisherles, also dlscusses the 

~mpu~tance of radio-ecology of the sea surface: He gives 

data ta demonstra te the conc entra tion of strontl1.1m 90 and" 

other ra~loactlve products by several species of pleuston in 

the Black Sea, including fish eggs. No data are given for 

species living below the pleuston layer so that comparisons 

are not possible. 

Contamination of the pleuston envlronment by oil slicks 

would appear an obvious influence on surface anlmals. 

Surface active compounds may persist at the lnterface after 

visible ail has disappeared into the bottom sediments. As 

Ilttle as 1 ppm dlssolved crude 011 fractions can adversely 

affect Calanus (Smith 1968), and it i8 reasonable ta suspect 

that a specles such as Anomalocera, WhlCh i8 in contact with 

the surface film, will be more vulnerable to qil and pesticide 

resldues. Mil~ikovsky (1970) found A. patersoni (origin not 

given) was sensitive to low cOllcentratj,ons of crude oil 

(amounts not given). Any animal or eggs living near the 
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surface will receive not only the effects of substances dis­

solved throughout the surface waters, but also have the 

closest. contact wit~ substances as they first enter the water 

column, and substances which become concentrated at the 

surface. 

c 
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" Description of th~ rtew species, Anomalocera opalus 
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. 
As noted ln the introduction, specimens aï the new 

species, Anomalocera opalu$, from the Gulf of St. Lawrence 
1 

and western North Atlantlc shelf waters (Fig. 3) differ 

markedly from speclmens of A. patersonl (Templeton 1937) 

with WhlCh A. opalus waG formerly clasoifled (Willey 1919). 

The morphologlcal varlation was Ïor the most part found ln 

the genital segments, and was readily apparent under low 

magIuflcatlon; the two forms can be easlly distlnguished 

wlthout the need of dlDsection or measurernents. To study 

these dlfferences, collections of Anomalocera were obtained 

from V2rlOUG parts of the IJorth Atlantic (Fig. 1 and Tables 

1 and 2), and measuremento were made on several body parts, 

malnly on the genl tal segments. None of the sample s con-' 

tained lntermedla te forme·, and the differences Ïound were non-

overlapping between the two forrns. There was also a clear 

geographical separation of the two forms, a point which i8 

expanded and justified in Section IV on the geographical 

distrlbutlon of Anomalocera in the North Atlantlc. 

The measurements'were made using an ocular micrometer in 

" a dissectlng mlcroscope. Copepods were placed ln lactlc aCld 

during the measuring to prevent drYlng. The ratio of genital 

segment length to prosome length of both males and fernales 

was found to be a convenient measure of the differences 

-
between the two speci~s (Fig. 2, Appendix 1), but other ratios 



35 

could have been used, and in fact many other measurements 

were made (s\e Appendix 1). 

-
~ 

\ 
A descript~on of Anomalocera opalus is given below, 

followed by a more detailed discussion of the differences 

between A. opalus and A. patersoni. 

Anomalocera opalus 13 a large, stoutly built, carni-

J 

vorous copepod of blue-gre~n colour, resembling A. patersoni. 

Although the range of Slze overlaps, A. opalus 18 usually 

the larger of the two specles and bears a more complex 

genital segment. Both sexes possess an opalescent pigment 

system underlying the dorsal and lateral surface of the 

prosome (Flg. 6, and Section IX, Fig. 28). 

The adult female (Flg. 6) (prosome length 2.8 ~ 4 mm) 
'~J~ 

has six prosome and three urosome segments and ~ paired 

sWlmming legs, the last o!~yvhich is reduced, but nearly 

symmetrical. There are two pairs of small cuticular lenses 

on the dorsal-lateral surface of the first prosome or head 

segment; on the ventral surface of the head, there is a 

large eye and strong paired rostral hooks. The dorsal 

surface of the first segment bears a flattened area used for 

attachment ta the surface interface. There are lateral 

hooks on the flrst prosome segment, and the last prosome 
/ 

segment is extended in long points. 
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Figure 1. Map of the North Atlantic showing'the 
\ 

42 samples used in the study of geo­

graphical distribution of the two species, 

A. opalus (circles) and A. patersoni 

(crosses). 

: 
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Figure 2. Th~ regression of genital segment length 

on prosome length of A. patersoni and 

.~ 

A. opalus, males and females. Fitted by 

least squares regression (Stanley 1963). 
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Table 1. Posltions, dates of sampling, number 
measured, and species of those specimens 
uBed for the measurements and ratios. The 
positions are shown on the map. (Flg.S) • 

Data for samples measured. 
Number in 

sample 
measured 

No. Latitude Lon2itude Date Males Females SEecies 

1. 4SolS'N 640 30'W ~4.9.6B 30 30 A. °Ealus 

2. 4BOlS'N 64
0

30'W 20.8.66 30 30 " / 

3. 510 30'N 58000 'W 31. 7.66 30 30 h 

4. 430 jO'N 690 30'W 29.7.66 30 30 

5. 430 30'N 7,0°00 'W 15.8.69 30 30 " 

6. 390 3S'N 71 °44 'w 3.8.66 30 30 " 
r 

° 7. 390 00'N 72 30'W 3.B.66 30 30 " 

° 
j ~ 

8. 40
0

l6'N 67 30'W 31. 7.66 30 30 

9. 640 00'N 260 48'W 31.S.6l 14 30 A. Eatersoni 

:1 10. 560 30'N 08
0

S9 'w 29.S.69 30 30 " 

11. . 6l0 08'N 02
0

10'W 19.6.65 30 30 

12. 47035.5'N 10°78,2 'W 18.4.67 30 30 

61
0

21'tI ° 13. 03 10'W 25.11.65 14 14 " 

14. 5BoOS'N 010 50'E lB.11.68 30 30 

° 0100S'W 15. 59 31'N 11.11.65 30 30 

570 30'N ° 16. 06 OO'E 25.10.67 30 30 " 

° ° 17. 49 00 'N 06 OO'w No Date 30 30 " 

1 
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Table 2. The same information far thoae ~amples for 
which qualitative examination on1y w~s made. 
Positions are shown on the map (Fig. 5~ __ 

-, 

Data for-samples examined. 

Number in 
sample 

examined 
No. Latitude Longitude Date Mâles l'emales SEecies 

63048'~ 15°50'''1 
) 

Eatersoni 18. 1.8.61 30 30 A. 

° 0 
19. 64 OO'N 26 48'W 31.5.61 30 30 

20. 46
0

30.3'N 12
0

37.2'W 17.4.67 1 1 

2l. 4g02S.5'N 060 28'W 18.4.67 2 

22. 48°53.8 'N ° ' 07 39,4'W 18.4.67 5 

° 08°20.3'''1 23. 48 38.8 'N 18.4.67 1 2 .. 
24. 34 ° 55.2'N 41

0
16.2'W 7.4.67 300 300 .. 

25. ,,55
0

30'N 04° E 10.63 7 4 .. 

° 68
0

10.S'W 16. 40 29'N 31. 7.66 30 30 

27. 40
0

l5'N 67
0

30'W 30.7.66 30 30 

° 0 
28. 43 38 rN 69 08.5'W 29.7."66 30 30 '" 

° 69°32 'w 29. 41 30'N 28.7.66 30 30 

° ° 30. 39 57'N 69 Os'W 1.8.66 30 30 .. 
3l. 

'-'0 
40 29'N 68

0
10.5'W 31. 7.66 30 30 

° 69
0

30'W 32. 42 39'N 28.7.66 30 30 .. 
33. 44

0
00'N 68°30'''1 29.7.66 ;30 30 

34, 400 05'N 71
0

30'W 2.8.66 30 30 

° ° 35. 40 30'N 72 30'W 3.8.66 30 30 

36. ° 42 58'N 69
0

30'W 28.7.66 30 30 , 
37. 400 n'N 69

0
30'W 28.} .66 30 30 

'f'-.J 
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Table 2 cont 'd •••• 

e 
-

Number in 
" " , sample 

examined 
No. Latitude Lonllitude '" Date Mâles i'emales Species 

400 00'N ° 38. 70 31'W 2.8.66 30 30 A. o~alus 

39. 
.() o J 

,40 l2'N - 69 05'W 1. 8 .66 30 -, JO " 
40. 42

0
00'N 690 30.5'W 28.7.66 30 30 . " 

41. 39
0

35'N 7l
o

44'W 3.8.66 30 30 .. 
450 eO'N 

0 
42. 54 OO'W 8.64 0 1 

~ 

/ 

\ 

/ 

1 
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The female genital segment is a greatly -enlarged 

structure with several ventral.bumps and a large sp~ne 

directed backward from the right posterior corner of the 
_ b 

u 

segment (FlgS. 4, 6 and 7). The caudal rami are asymmetrical. 

Th~ adult male 13 somewhat smaller than the female 

(prosome length 2.7 - 3.4 rlun), and has six prosome and five l. 

urosome segments. The prosome bears lateral hooks, dorsal 

lenses, ventral eye, rostral hooks, terminal points and the 

surface attachment are~. These structures are slmilar to 

those of the female, wtth the exceptlons that ln the male, 

the ventral eye is more :.;trongly developed and the right 

terminal pOl nt is,curved. The rlght first antenna is highly 

modified as a gelllculate grasping arm used for copulatlon. 

The fifth swirnming legs are also modlfied and asymmetrical, 

formlng a grasping hook and a clav: for holùing the 'S perma-

tophore. rrhe first urosome or genit~l segIDe~t bears a large 

posterior extension on the rlght slde (Fig. 6). 

In the last section, the observed differences between 

specimens of the proposed new species, A. opalus, and 

specimens of A. patersoni, are described in more detall. - . 
Figures 4 - 7 show the genital segments of both species; 

ll'igure 5 gives the origlns of samples studied. Resul ts of 

measurements of body proportions are given in the tables and 

discussed below. 

\ 
'\ 

• 

/ 
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Figure 3~ A. opalus) stage VI; female. 
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Section III 
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. 
Morphological comparison of A.' opalus 

with A. patersoni 
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Adult female / 
; 
: 

, 
The female flrst urosome or genital segment of A. 

opalus is relatively l~rfe and i~regular, divlded by a 

transverse cleavage. In A. patersoni, it is relatlvely 

small and smooth and not divided dorsally. This segment in 

bath species bears a right ventral posterior process, but 

in speclmens of A. alus thlS process iG relatlvely longer 
" 

~ncl curves more 'Jtrongly to the right. It also bears a 
/ 

small splne at its base which lS lacking ln !. patersoni, 
! 

/ 

but lacks a smarl bed of hairs found on the upper surface 

of the process:in the latter species. 
1 

On the ~n~ra1 surface of the genital segment, A. 
/'. 

opalus bear c
/ two large protuberances, WhlCh are en tirely 

absent ln~! patersoni. ,One of the protuberances, located 

near the J:se of the posterlor process, bears several 

convolutjd ridges and is surmounted, by a circu1ar crater. 

The oth/r 18 Jocated near the mid-1eft lateral margin of the 

segmen and i8 bounded latera11y by a crescent-shaped rldge. 
t 

The 'g ffital opening differs in the two species; it is oval in 

A. 0 alus and trapezoidal in A. patersonl. 

The second urosome segme.nt of A. opalus lacks spines 

hairs. ~hat of A. patersoni bears a bed of very fine 
/ 

.f 
irs along its ventral surface, and a few 1arger hairs on 

/ " 
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Î 
the dorsal surface' (shawn in Fig. ~c, d). Neither group of 

hairs was previously described. 

The caudal rami are Sllghtly asymmetrical in bath 

specl8S. The right lateral seta of the right ramus is 

shorter and more blunt Hl 1::... opalus than in !::... patersoni, 

and bears longer flne hairs than does that of the latter 

species. The left lateral spine of the left ramus of 

A. opalus bearo a short row of spinules; that of A. pateraoni 

beJrs c,pinules along nearly 2/3 of its length. There are 

no opines or hairs on the lateral margins of the r 

A. opalus; on each ra~us of A. patersoni lS a single lateral 
. "Pre. 

The poste~ior corners of the last prosome segment are 

more sharply pointed in A. opalus than ln A. patersoni, but 
. 

otherwise are similar in bath species. 

Adult male 

The first urosomal segment of both specieo is'highly 

asymmetrical and 'extended Yatèrally to the right into a 

pOlnted process which is much ~ore pronounced in A. opalus 

than in A. patersoni. This right extension of A. opalus 

bears two fine hairs on the posterior margin; that of 

A. patersoni bears three hairs on the posterior and one on 

/ 

/ 
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.. 

the lateral margine The rest of the urosome segments of 

A. opalus are slightly and irregularly a~ymmetrical and 

bear no hairs or spines. Those of!. patersoni bear a 

number of as~etrlcally placed spinules (Flg. 4b), and the 

third segment is enlarged on the right side. 

The caudal rami are similar ln both specles,with the 

exceptlon that there are two splnules on the lateral margin 

of the rlght ramus of!. patersonl not found ln A. opalus.' 

The last prosomal segment differs in the two species 

ln the shape and 'armature of the asymmetrlcally extend~d 

right posterior corner. In~. opalus, this is strongly 

curved upwnrd into a slckle shape and bears two hairs on 

the ventral surface (Fig. 3a); in A. patersoni, it is 

straighter nnd bears no halrs. 

Discussion 

The morphological comparisons given above reveal 

qualitative différences such as splnes, hairs and protube-
-rances, and proportional differences of corresponding 

structures. The latter observations must be freed of 

possible bias due to subjective interpretation, and they 

must be studied geographically. To do thi&, measurements 
.. 

were made on samples of adult males and females, taken from 
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1 
different areas in the North Atlantic (Table 1 and Fig. ~). 

. ~ 

Flgure 2 shows graphically an important proportional 

difference, the relationship of the prosome ~Rgth ta the 

genital segment length. The genital segment lS reIativeIy 

longer in specimens of~. opalus (both sexes). There is no 

suggestlon of allometry in the graphs or in any of the 

specimens examlned ln the study. The lines are fitted by 

least squares regresaion and the number of animaIs for each 

point l:::: ")0 (\fil th three exceptlons where N-14, see Table 1). 

(Stanley 1963). 

Of the 42 samples exanüned ln the study of geograplllcal 

varlation, 17 were SUl table for de talled measurement (IJos. 

1-17 in the tables and map) and were u~ed for the cal-

culatlons of the regression lines. The remaining 25 samples ... 

(Nos. 18-42 in the tables) were exarlllned for the quall tative 

features described above in the comparative descriptlon of 

~. opalus and h. patersonl. On the basis of these features, 

the specimens of each sample were assigned ta the appropriate 

species. This was also done ln the first 17 samples prior 

ta measurement. The resul ts are shown on the map (Flg. 1) 

and are also given in Tables 1 and 2. 

AlI samples were monospecific. Those of !. opalus were 

from the western North Atlantic and the Gulf of St. Lawrence. 

Those of A. patersoni were from the eastern North Atlantic 

.. 
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and the North Sea (including the thr?e samples from waters 

near Iceland). 

In addltion to these samples, m~y thousan~s of 

specimens were examined from the Gulf of St. Lawrence,over 
,~ 

the three years of th~'·s.tudy and'''no specim8Jls of A. patersoni 
~ \ - -

were found. In the entire study, no specimens were seen 

whlch appeared intermedia~e between the two types as 

described and shown in the text and drawings above. There 

were no sugge,stions of overlap between the types in the 
: . 

measurements of individual specimens in the proportional 

, " 
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Figure 4. a) !. opalus urosome, ~Qrsal, fema19 

____ -------------t~~r:-. ~ni u~o~ome; dorsal, female 
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Figur-e 5. a) A., opalus urosome, ,dorsal, male 

b) A. patersoni urosome, dorsal, male 
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Figure .6. a) A. opalus urosome, right lateral, male 

b) A. patersoni urosome '. right lateral, male 

c) A. oEalus urosome, ventral, female 

d). A. 12atersoni ur~qome, ventral, female 
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Figure 7. 
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a) A. opalus urosorne, !aight latera1, fema1e 

b) A. 912a1us ;ur 0 sorne , 1eft lateral, female 

c) :A. ]2atersoni urosorne, right lat'eral, 

fema1e 

d) A. patersonl urosorne, 1eft 1ateral, 

fema1e 
/,' 
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Seqtion IV 

Geographical distribution Of, Fhe genus Anomalocera, 

with emphasis on the North Atlantic 
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General distribution 

The genus Anomalocera comprises three species. 

A. patersoni was described by Templeton ln 1837 from the 

Irish Sea, ~. ornata by Sutcliffe in 1949 from lnshore 

\.'aters of the southern Unlted States, and A. opalus in the' 

present study from the Gulf of St. Lawrence, Gulf of Maine 

:md Scotin.n oholf watero. Before the present stwiy, the" 

populations,here set up as the new specieo, ~. opalus, Wfrre 
" r 

included under the speç~es, !. patersonl. In the following 

dlScusSlon of Horth Atlantlc dlstributlons, these two 

species wlll be referred to as !. patersoni sensu lata (s.l.) 

'or slmply as Anomalocera, and A. ornata will not be con-

31dered unless ezpllcit1y mentic:::.ed. 

A. pa ter~-:;onl [] .1. 1["; ropo rtcc1 fror.1 the r'1edi terrLlJ1Cé.Ul 

:]ea (GH;:...;brecht 1892, Giesbrecht and Schmiel 1898, Hose 1929, 

Tregouboff ~ld hose 1957, ViV~8 19G6, Charnpalbert 1971), the 

BJ.:ack Sen. (Zaitoev 1961), and the Adriatic ;;ca (HltlC a!ld 

diCarlo 1968). Wilson (1942) reported i t frum the 

Philippine;:; regioll, but this record has ne ver been Dub-
-

;3 tantiatcLl, and there have since been no records of 

Anomalocera in the P~~fic Ucean (Heinrich '1960, Brodski 

1950, Mori 1S!64, Sherman 196 i." [ Tanaka 1964). It is 
1 

" ) 
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app,arently not found ln the Indlan Ocean (Sewell 1948, 

Anon~nou0 1965), nor ln the South Atlantlc (Brady 1878, 
",r., ... 

Sewell 1948, BJornberg 1963). It 13 rnost of't'è~ recorded 

from the North Atlantic Ocean, and Its distrlbutlon there 

IS discussed below in detall. 

Slnce Templeton's descrlption of A. patersoni from the 

Irish Sea, there has been confusion whether this species i8 

nerltlc, oceanlc, or Intermedlate in its distrlbutlon, and 

thic hr13 been true on both sides of the Atlantic. Wheel'er 

ln 1901, follo':Jed by FIsh ln 1925 and lülson ln 1932, believed 
o 

that the presence of Anoô§locera off Woods Hole, Massachusetts, 

indlCétteù a Gulf StrecuTl in:.:ursion. :peevey (1952) ;:;tated that 

,ipc precenee in Block L:ilanù SOè.md WCl.S a cign of .offshore 

waterc, and chr con~ldered lt a GuJf~Strearn copepQd. It 

doe~~ 11ot, hovrever, appear to be found ln the Gulf Stream 

(OdrJ' a.nd Foyo 1967, Grlce and Hart 1962), :or in the Sargasso 

SeCJ. (Wilcon 193G, Hoore 1949, Grice and Hart 1952). Sherman 
/ 

and ShdJler (1963) h::we shovm l t to be moct eOIILlloh on the 

coactal 01rie of Gulf Strerun mixing areac near the/Gulf of 

Malne, and Bigelow (1926) presented strong eVldence that 

Anomalocera i3 an endemlc cpeclec to the Gulf of Malne, not 

an irIlffilgrant from offshore \'la t~r:J. He eonsidered i t to be 

Interrnedlate between nerl tic' and oceanic. 

Simllar eonflictlng opinions ure fouhd in reports frOID 

European waters. Sar~ (1905) noted that Anomalocera occurred 
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. 
in Norw((~ian fjords in the summer after strong onshore 

gales, and he believed it to be a copepod of the open seas. 

Farran (1910) and Fleury (1951) both cited it as an oceanlC 

species, and Jraser (J961), on the baslc of a sea-ward 

increase in an area bàunded by the Faroe and Shetland 

Islands, ,also implled thé3t l t was 0 ceanlC. Other authors 

have taken the OppOSl te Vlevl and con,sldered Anomalocera a 

nerltic species (Cleve 1900, Vllborg 1905, Hurray and Hjort 

1912). Colebrooke', John ami Brown (1961) {lud Will1amcon 

(1961) ~onsidered it to be neither nerltic nor oceanlC but . 
lnterrnedlate. ~ewell (1:148), uSlng the world distribution 

map for Anomalocera IJrepCU'ed by Steuer (19)), classified i t 

as nerltlc but noted t~at such dlspute.] are common ln 

copepod, stud~::;, and tlutt the terms nerl tlC and oceanic may 

be'of lirnited use ae ~xact natural categorles. He clted 

Dahl (1394), " rnany coa=to..l form...: occur, in iGola ted 

ln:::;t3..YJ.ces El the high seas and slmllarly many oceaUlC forms 

oceur on the coa:...;t." Sorne ;:;pecie3 stay \'rell wlthln#a.ter 

ffiaGS bOillldariec V/hile ot}wr::; 3pread out over wide are3.S and 

contribute ta overlap in clasclflcatlon Gche~es (Russell 

1935). Such cûtegoriec' are beot ucod only ln a very broad 

sense. 

It îs nôte1tlOrthy that most of the workers who have 

classified ~. patersoni .] .1. as ::ill oceanic species were 
"" '. 

:::;hore-ba8erl or qop.fincrl to :::;turlie e \'li thl.n 3. liml t~d area 
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(e.g. Wheeler 1901, Flsh 1925, Wlleon 1932, Deevey 1952, 

Fraser 1951). Thos e who cons ldered the specle s to be 

neritic or lntermediate between neritic and oceanic were 

more often engaged in troad distributional\ etudies lnvol-

ving large a..'1lounts of data over exten::3i ve areas (e. g. 

Bigelow 1926, Sewell 1948, Willlamson 1961). The difflculty 

ln determlnlng the dlstrlbutlon of Anomalocera lS due in part 

ta lt0 hablt of livlng at the surface lnterface (Section X); 

l t cannat be weIl oampled wi th :my of the tradl tlonal 

plankton n9ts and lS frequently under-represented in 

collections (Zaitsev 1962). 

Figure 10 sunmarizes the North Atlantic dlstrlbution of 

A. patersoni s.l. using data bath from the present study 

and from aIl avallable Ilterature. Open ocean cruises from 

\'lhlCh copepod data have been published or made avallable are 

shJwn ln Flgure 3 and T~ble 3. In additlon to the plankton 

Ga ther1-ng cruu;es, ther,e are extensl ve data from the Hardy 

contlnuous plankton recorder collectlons both frorp. the open 

sea and from the shelf waters of the Eastern and western 

Horth Atlantlc (Fig. 9). rfhlS material i8 discussecl ln the 

publication, ~ulletin of Marlne Ecology. The open seu' 

recorder routes are subject ta frequent sampling and rep-

re.3el)t a massive store of data on Harth Atlantic plankton. 
\\ 

Although the récorder does not adequately s&~ple pleuston 
'. 

organisme dnù ;s not the b~ means of studying Ano~locera. 
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Table '3 

Important oceanlC cruises in the North Atlantic 

for which copepod stq.dies are available. 

Map symbol 
(Figure 8) 

.. 
" 

A 

B 

C 

D 

E 

F 

Ship or cruise 
designation 

Challenger 

*Contlnuous plankton 
sarnplJ~.s - transAtlantic 

. ...... ~ ... -, . 
FrldthJof 

Thor 

Pot'cupine 

Fram 

Danish Ingolf 

Reference to 
copepod study 

Brady 1883 

Herdman, Thompson and 
Scott 1898 

With 1915 

With 1915 

With 1915 

With 1915 

With 1915 

Armourer Hansen Lyshrum and Nordgaard 1921 

Michael Sars " Stromer 1924 
Lysholm and Nordgaard 1945 

, J 

K 

L 

N 

o 

Terra Nova 

Prlnce of Monaco, cruises / 

Carnegie 

N.Y. - Bermuda, transect 

Oceanographer (1966) 

Weather Station M 

,0, 

Farran 1929 

Rose 1929 

Wllson 1942 

Grice and Hart 1962 

Present study 

Kielhorn 1954 

* The first continuous plankton samples, taken from ships 
, coolant water across the Atlantic and back again. 0 

J 

1 
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Figure 8. Import~nt oceanic cruises in the North 
" 

Atlan~ic for which copepod'studies are 

ava~lable (see Table 3). 
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Figure 9. Hardy continuous plankton recorder cruises 

in the North Atlantic (repeated regularly). 

(From Gieskes 1970). 
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Figure 10. 
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8 
Records of Anomalocera patersoni s.l. 

i 

in the North Atlantic. 
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1 
it does capture it often in European waters (Colebrooke, 

John and Brown 1961); in the open ocean samples, Anomalocera 

has been found only,three times. Nine addition~l oceanic 

records of Anomalocera were found ln the literature, aIl 

consistlng of small numbers of adults. In collections froID 

several tra:::ls-A tlantic cruis es, AnO'1laloc era was ei ther"S over 

eastern or western shelf waters (or both) but n~t ln the 

éentral oceanic waters. One of these cr~ises,.made by the 

"Oceanographer" in 1966, took many surface p1ankton sample,fJ . ! 
across the Atlantic~ The pontellld copepods from ~his 

collectlon were made available, to the prese~ study and were 

found to con~ain Anomalocera only in samples from waters 

near the British Isles. Slnce no lmmatu+e stages were 

found ~ any of the twelve oceanic records, the occasional . --/ 

presence of adults ln small numbers far at sea may be 

attributed to surface drift of shelf waters. The micro-

distrlbutlon of Anomalocera at the very surface renders , 

the aTIlmal subJect to rapld wind transport (Section VI, 

p. 98, Section X, p.172 ). 

It seems reasonable to conclude that Anomalocera 

patersonl s.l. 08Curs mainly over shelf waters of the North 

Atlantic and is found only rarely in the open sea. This 

point is of considerable importance in ~he proposaI of the 

new species, A. opalus, based on data- from inshore collections # 

(Section II) and in the hypothesis of a restlJg egg in the 
1 

life cycle in the Gulf of St. Lawrence (Section VI). 
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Distribution and seasonal occurrenc& in the~eastern 

North Atlantic 

Anomalocera patersoni ~as long been known from British 

waters (Baird 1850, Brady 1878, Templeton 1837) and generally 

from Euxopea..l1 coastal Via ters (Steuer 1953), a t times in 

great ab~~dance (ThJmpson 1889). It has been associated 
t 

l'li th the o;n2et of the summer fishing season ln NorVlay (Sars 
) ~ 

1903), and usually, if only because of its striklng 

a~peara..~ce, receives mention ~~~e briefest of plankton 

paper3. Its dlstribution lS general over the North Se a, 

the eYitranc8 to t"he Balticj?but not in the Baltic), and ln 

the Atlar~tic ~vfr the Continental shelf (ColebrooK, John 

and Brown 196\1) r It is found in mid- to late Sll..'nrner along 

'the coast of Norway (Boeck 1864, Sars 1903, Rose 1929, 

Wiborg 1934) an3-has be~n taken as far north as Latitude 70 

at Kval'Sound (T. Scott 1901) and T1urmansk (Mrazek 1902). 

'" U Jesperson (1940) has reviewed a 1arge body of work on 

the plankton of Icelandic waters representing thousands of 

plankton samples and has reported only ni ne records of 

Anomalocera, aIl but one along the south coas·t and aIl in 

the s~er months. These samples contained only trace ~ounts 

of adults, and it seems unlikely that there is a summer 

breeding population in this region. In the present study, 

three samples of 30 or more adult A. patersoni were examined 
(. 

" . 
) 

_-"'r.r ... ... 
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from the'-,watérs just south Qf Iceland (Fig. 1, Tables 1 and 

2). These''''Gamples contained no immature forms and probably 
" 

represent 3t~O from outside the area. 

\ 
\ 

No Anomaloce~a have been found in East Greenland 

(Jesperson 1939), :rtù there lS only one record from West 

Greenland (near GodthéJ.ab FJord; Jesperson 1923, 1934). 

The Greenland materlal lS al~ large. Kielhorn (1954) found 

a few adultc, ln DaVls Stralt" after a prolonged S.E. gale; 

" hlS 3tudy from a weather ship 'e:onoisted of ycar-round 

weekly sarnpllng. There do not ~pear to be summer breedlng 

populatlonc, of Anomalocera in the s~a3 of Iceland and 

Greenlandj t~e small numbers 

in the warmest months probabl 

f adul tS",found in these areas 
\ 

represent\~trays from breeding 

populatlons further to the sou h. 

In Scottlsh waters and in the North Sea, Anomalocera 

makes it first appear~ce in M; y but probably not Def~re 

then (Wolfenden 1904, T. Scott 1911, Fraser and Saville' 1948, 
l ' 
( 

Fraser 1961). Further to the outh, the seasonal dlstri-

bution seernq less weIl , and there is at least the 

possibillty of winter populat'ons in the Irish Sea and off 

the south coast of England. nomalocera is a common consti-

tuent 'of the plankton near t e Isle of Man (Bruce, Coleman 

and Jones 1967). Johnston, cott and Chadwick (1924), 

reporting on a 14-year stud of extensive sampling at Port 

. " 
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Erin,found March ta be the month of most usual first 

occurrence with May and Aptil the months pf peak abundance. 

There were also fe~ winter records. Scattered win ter 

records have been reported for the Irlsh Sea off Lancashire 

(Scott 1906) and off Plymouth where there are many more 
d 

swnmer records (H.B. Ass. U.K. 1931). These waters may 

deflne the northern limi t ta wlnter breeding of Anomaloc.era. 

In the Bay of Biscay and off the coast of Portual,· 

where wi~r breedlng might be expected, there are 

relatively few· records (Candelas 1929, l~ose 1929), '-I:U:>-A--.-,--r­

lS not possible to determlne seCLsonal distribut.ion,s of 

Anornalocera .. nose (1929) found Anomalocera near the Canaries, 

but Rao (19~1 and Vervoort (1965) did not find it there. 
(. , 

In the Medlterranean and ,~lack Seas, Anomalocera is present 

the yeQT rôund, but in the Black Sea it retreats to the 

south ln the wlnter (Zaitssv, pers. comm.). It has also 

been found as far south as Latitude 20 off West Africa 

(Steuer 1933). The breeding range of Anomalocera in the 

eastern No~th Atlantic moves northward in t~e summer at 

least as far as the North Sea and the waters around Scotland, 

and possibly ta the coasts of Norway. I~ the winter the 
, 

range is pushed southwqrd, possibly to the Bay of Biscay 

and the waters ff Portugal. A win~er breeding stock in 

these areas. "Bee probable, but it has not yet been demons-

trated. 
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Dlstributlon and 

North Atlantic 

The Gulf of St. Lawrence is the moct northern breeding 

area of Anomalocera in the western North Atlantic; i t 18 

found there in the surnmer monthe from June to October and 

18 common during late SWlliI18r (Willey 1919; Pinhey 1927, 
-1 

Fllteau 1946, Huntsman, Bailey and Hachey 1954, Lacroix, and 

Bergeron 1955, Lacroix 196G, and the present study, Seçtlon ~ 

VI). Pinhey (1927) showed that i t 18 ~ot- found in the ( 

Arctic G~rface waters flowing into thé Gulf through the 

Stralt of Belle Isle, but that it is found on the south slde 

of the Strai t and along the N.E. coast of llewfoundland south 

to vmite Day. These finding8 ln the Eelle Isle region were 

repeated ln the present study during cruises to the area in 

1966 and 1967. Anomalocera doe8 not penetrate into the 

St. Lavrrence estuary (Wllley 1931, Tremblay 1942, present 

study). 

A. patersoni s.l. is common on the Scotian shelf~ 

(Eigelow 1915, Willey 1919, Kearney 1933, Platt and Irwin 

1968, and present study), and the south coast of Newfoundland ... 

(Lysholm and Nordgaard 1945). It has long been known in the 
1 

Gulf of Maine in the summer months (Wheeler 1901, Fish 1925, 

Wilson 1932, Eigelow 1915, 1926, Fish and Johnson~1937, 

Sherman and Shaner 1968), but never in the winter (the above 
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authors and Sherma1?-, pers. e omm. ) . It also oeeurs 

regulCl.I'ly ln the Bay of Fundy (Fl8h and Jolmson 1937, 
/,._/ 
~ JermolaJev 1958, Legaré and Maclellan 1960), although lt 

\ may oeeur here ~ li ttle later ln -the year than in the Gulf 

'\Of Malne. Bl~~low (1926) foundnthat Anomaloeer~ flrst 
\, 
appeared ln th~ Gulf of r~alne ln Aprll qnd l\by, but 

/­,,' 
.oceo.slono.lly :.1G early 0.8 Mareh. Flsh and Johnson (1937), 

(. 

ln another very large stqdy, found lt from June to 

3eptèmber only. 
t 

( 

, . 

It must be emphaslze~ tho.t there have been no detalled 

Ilfe"hiotorY studles of Anomaloeera outs~de the Gulf of 

St. Lawrence (present stuùy), and that the observatlons' 

taken from the literature ref'~r mainly to late copepodltes 

apd' adults. This makes p09sible only the erudest speeu-
i 

latlons of who.t the po pula tlons are dOlng. In addition, 
1 . 

almost all of the s}udies used above are based on plankton 

eollectlons made with gear unsulted to efflClent sampling 

of pleuston anunals and such animaIs will be under-represented 

in the samples. The loss of precislon lS great, and these 

two problems limlt the Inferences whlch can be made on the 

nature of Anomalocera's breeding. 
"" 

A still more severe problem in the western North 

Atlantic lies in the sou'thern range of the species; previous 

to 1949, A. ornata Sutcliffe was not known and, as it has 
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since been rcported on several occa:::aons as far north as 

George' s Bank (SherIDo.,n 'élYld Shaner 1968, Owre and Foyo 19(7), 

l t io pooslble that l t was not cilstingulched from 
\ 
\ A. po.ter::;onl :::;;1. byea.rlier'author:J. Sorne of the 

,llteratu~e diacussed"belôw may be mlcle~dlng for thlS 

reél.GOE. 

\ Dlgelow (1915), in a large summer study of shelf water 

plfYlktOH between Nov0. Scotia and Che3apeoke Day, found 

Anomalocera at nearly all :~tation8. Wilson (19)2) and 

t~ne;le and Tan (19G5) found l t outSlde Chesapeake Bay in 

the ~ummer but ne ver lnslde the bay; Anornalocer~ 18 rarely 
. 

found in::nde enclo::;eù bays or estuariee (:Sare 1903, 

Blgelow ~915, Deevey 1956, present ctudy). Deevey (1952), 

ln a tlrree-yea.r etudy of the plankton of Block Ioland Sound, 

found lt ln small nurnbers frOID June to October. Blgelow arnd 

Seare (19)9) found l t ln about two percent of 600 stations 

between Cape Cod QllÙ Cape Hatteras, in February, and frOID 

four to sftven percent of the sarne otatione in the sprlng and 

summer months. Blgelow (1922) found it widespread'in the 
. 

came area in August. Anomalocera was fo~d in July only 

during a year long study of a transect between New York and 

Bermuda (Gric e and Hart 1962). Bowman (1971), in an in-
, ... 

" 
shore survey between Cape Hatteras and Florida~ did not find 

i t ,'- and Sutcliffe (1948), in an extensive study, did noil', 

find it in the inshore water off Beaufort, North Caralina. 
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These scanty records of A. patersonl's southern 

dis~ributlon do not. reveal much. There are a few winter 

Cl tings and somewhat more surnrner 'Cl tlngs between Cape Cod 

and Cape l(atteras, but there is nothlng to firrnly demo:t1strate 

~xistence of an over-wintering populatlon or a breedlng 

stock. This is du~ partly ta the lack of data and partly 

to the taxonomic problem raised by the dlscovery of the 

specles, A. ornata. There l8 sorne reason to suspect such 

winter populatlons ln the varmer' waters, but th~y have yet 

ta be dernonstrated. The relevance of southern winter stocks 

ta the Ilfe cycle in the Gulf of St. Lawrence and Gulf of 

Maine bears on the hypothesis of a resting egg as the 

wlnterlng mechanlsrn in these areas; this is discussed ln 

Sectlon VI. 

11 

Temperature and sallnity tolerances 

In the above review, sea temperature has been alluded 

ta only indirectly, and salinity has not been dlscussed at 

aIl. Although it might be useful to establish Anomalocera's 

preferences of these variables with respect to breeding, 

growth and distribution, this is not yet possible, and the 
1 

range of tolerances to salini~y and temperature shown by 

this copepod are sa great that it would be exceedingly 

/ 
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difficult to do'so. Btgelow (1915) gives a temperature 

range of 13.50C (12 - 25.5 0 C) and 3,1,5%0 salinity 

(32.1 - 35.25%0) _in the Gulf of Maine alone.· He notes .... 
--~ .-

that Anomalocera in the eastèrn North Atlantic lives in 

'rather saI tier water" of high temperature. In the Gulf 

of St. Lawrence (Tables 8, 9 and 10, and Fi.g 18), the 

temperature range was much wider, nearly 18°C (1.7 - 19.4°C), 

with nauplii occurring in small numbers at the lowest 
" 

temperature. Salinity ranged from 27.6 to"32.2o
/00. It is 

probable that both Anomalocera opalus and !. pa~rsoni 

requlre ternperatures in excess of 12°C in order to increase 

in numbers, but this is not proven and a more exact 

temperature requiremenf cannot be formulated for these 

eurythermal species. Tbere may also be factors more 

important to Anomalocera's life èycle than temperature and 

salini ty. 

.-
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Section V 
, . 

.. 
The speèiation of Anomalocera patersoni 

and A. opalus 
" 

" .. 
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.-1 
In Sections IV and lIon the dlstrlbutlon of 

Anomalocera in the North Atlantic and the proposaI of the 

new speCles, A. opalus, efforts were made to demonstrate the 

lmprobabill ty of slgnlflcant contact between Il. opaluG ln 

the west and A. patersonl -'ln the east. Adul tG have been 

found as traces ln a few oceanlC samples and in northern 

shelf waters of Iceland and V/est Greenland; none of these 

samples lS thought to reprcJent a breeding populatlon. In 

the U1Scusslon below of Anomalocer~~G speciation, the 

posslblllty is ralsed that these northern shelf waters may 

have been more hospltable to Anomaloc~ra ln the pasto 

Allopatrlc versus sympatrlc speciatlon 

1 • 

In any discy.sslon of speclès formation, i t is necessary 

ta clarlfy the conceptual model .. Qelng used. Thl s usually 

amounts to a dlstinctlon between the allopatrlc and 

sympatric ~dels of speclatlon .. Arguments betwe\n adherents 

of these two models have gone on for at least a century, 

often in a repetitlve and non-pr~esslve way (Mayr 1963) 

wUlch may indicate the state of maturity wlthin thlS branch 

of science (Kuhn 1970). At present the overwhelming suppor~ 

of terres trial biologists goes ta the allopatric theory 

" 
J 1 

t 

• 
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(excludlng well~known cases of polyploldy amo~g plants), and 

there 10 much eVldence to support the consensus. lt is to 

be noted, however, tha~ èVldence of speclatlon is always 

lndlrect and arguments often take place on a loglcal plane 

WhlCh can lead to breakdown over ùeflni tlons. 
" ' 

When deallng wlth terrestrlal situations, lt would not 
, 

usually be necessary to welgh the relative mer1ts of the two 

speclatlon theories except in a few special cases (e.g. White 

1968). The allopatrlc model would be assumed. By contrast, 

marine llfe and e specially pelag1c Ilfe seems ta offer 

problems to many workers, and these problems will be brlefly 

discussed below before tak1ng up the speciation of 

Anomalocera. 

Thorpe \ 1960) notes that Mayr (1942) had init1ally used 

the term "sympatric" to mean specles formatlon \\'1 thln a 

freely interbreeding population. Later (1963), he nad changed 
'1 

thls to specles formatlon wlthin the cruising range of 

lndivlduals in the population or wlthin the g~ogr~phical 

range of the initial specles. Mayr (1963) p01nts ~ut that 

the allopatric formulatlon demands the in~roduction\ of 

extrlnSlc barriers such as'dlstance or relief tp separate 
1 

sub-populations which may genetically diverge during the 

time of separation.,~ The real lSSUe, however, ls that of 

gene flow and not the particular type of barrler to gene 

flow; more than one factbr"may be necessary to adequat~ly 
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slow gene flDw bétween two pOTIulationc to allow genetlc 

divergence to take place (Thorpe 1960). Nevertheless, there 

remalns u real dlstrnctlon ~etween the allopatric theory's 
o 

requirement of an extrinslc barrler dnd the a.yrnpatric theory' s 
~ 

lack of Guch ,demande There are a180 formldable thlckets of 
'- . 

semantlcs to be ~ot through. 

The syrnputrlc model ultlmately ::.:uppoce::J that the 
. 

necessary barrlerc wlll arlse Wl thln the :L-'Opulatlon, but ln 

many CdseD the ndture of the barriers 10 1eft to the 

lmaglnatlon, and the grounds for c~oo~lng this model may be 

that the allopatrlc mode1 seems lmposslb1e. ,,'At other times, 

extrinSlc barrlers \'fork thelr way iYlto supposedly sympatrlc 

~ models; for lnstancc, many proposaIs of ecologlcal ôpeciatlon, 

a Vctrlant of syrnputrlc opeclutlon, conta"ln a hldden geo-
1 

grupl11ca1 component WhlCh acts as ,a burrler to gene flo\'! 

(e.g. Test 1946). 'ExtrinSlc barrlers form the main obstacle 

to the accept3.Ylce of the aJ.;I..opatric model by marine biologists. 

o In the sea, at leas~ superflcia1ly, there seem to be few 

barTlers. Colebrook and Roblnson (1963) note, "the 
J 

epipeluglc zone of the sea lS, by terfestrial standards, a 

very uniforrn envlro:1ment with few phys~cal barriers to 

dispersal." 
\) 

.. 
Mayr (1963) remarks, "A rapld proce8s of species 

" 

formatiop. is implied in most ~chemes o{ -syrrpatt-ic speclation." 

and that if ecological speclatlon " ••• led to species 

V 
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formation without geographlcal lsolatlon, we would have a 

vastly greater nurnber of sI'2cies than we actually have." 

Although the latter otatement 18 loglcall~ untenable, ft 

emphaG12eS à common feellng about the two m~de~s of , 

speclatlon '·uncl 'WhlCh, Wl th a curlOU:J rever:Je twist, seeme to ,.... ~ 

have motl\T.ated many of the workers who are diGGatlsfied Wl th 

tht" -vheory of allopatrlc speclatlop in the Gea Ce.g. 

Buzzatl-Traverso 1960-, Fretter and GrahCù1l 1959, Beklemishev 

19(0, Kolm 1960, vheC',er 1960, Dunbar 1972). The proponents 

of ;:;ympatrlc speclatlon ln the sea hold Mayr '3 vlew ln 

reverse; they tlnnk tha t there are more mar ine s pec ie Ci than 

COUld~V8 been cauced by allopatrlc speclation alone. 

There are ln fact many fewer specieo ln the oceans than 

on léî:Pù (McGow::ill 1971) which coulrJ lndlcate a).A>rw rate of 

speclatlon (a pOlnt for t'he allopatrlc theory), but WhlCll 13 

more 1±Ke1y re1ated to 1ack ~f habitat dlvérslty. There 13 

a180 a high degree of cosmopolltanism ln marine p~lagic life, 

as noted by Ekman (195)), "The maln faunlstlc 'regions of the 

high-oceanic pe1aglc fauna are more weakly characterized 

taxonomlca1ly than the TIlaln reglons of the she1f. Il This 

probably indlcates a rapid dlspersal of pelaglc organisms in 

the face of fewer barrlers (a pOlnt for the sympatric theory), 

a1though other lnterpretations are possible. Ultimately the 

welght given these generalizations is subjective and neither 

diversity nor taxonomic development provides suitable clues 
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to how marine animaIs spec1ate. 

The allopatrlc model, in seve~ cases, is as con-

lvinclng ln the marlne envit'oruncnt as it has been ln 

terrestrlal 31 tuatl ons. Br inton (1959) use s an invasion­

relnvaSlon model to explaln the speciatlon of closely 

related antl-troplcal euphausidc. Glaclal periods WhlGh 
~ 

,/ 

cool ocean temperatures could allow Ci hlgh lati tude species 

to cross the equatorial zone. Warming perlods would dlvide 

the populatlon lnto dlmerlc isolateo through heating the 

equatorial waters and maklng thefll uninhabl table to the 

speCles. A further cooling period would allow, the lsolates 

to come luto contact again after accumulatlng 8ufflclent 

genetic dlvergence to prohlbit gene flow. It has been pointed 

out that thlS model wlll not work for equatorial and 

antarctic forms (McGowan 1963). 

Brown (1957) proposes a model of speciatlon involving 

alternate axpanslon and contr~ction of a species' range due 

. to changes in the environment. After a contraction during 
~ 

unfavourable conditions, only scattered ~efuge populations 
, 

of somewhat different genetic make-up will be left in the 

former perlpheral zones. These outlying and eut-off 

populatlons w~ll continue to dlverge genetically until, by 

the time of ànother expansion when they again contact the 
! 

" mother population, they will be reproductive isolates. 
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McGowan (1963) considers this, mOdel free from the need of 

lntervening extr~nsic barrlers. Geographical barrlers are 

very much involved, however, and it is difficult to see 

them as anything but extrinslcally lnduced by environmental 

charlges. 

Another model of pelaglc cpe2iation is proposed by 

Buzzati-Traverso (1958, 1960) and app~led to an actual 

si tuation by IJlcGowan (1963). ThlS model le also introduced 

~3 being lndependent of extrinsic barrier formatlon or 

spatlal isolation of ~ub-populatlons. ~Plankton species 

ic carried by currentc from its main popalatl~n centre t~ 

another area of retention of different environmental 

characterictics. Both en route and upon arrlval, there is 

a strong selection ag:ünct certp.in genes WhlCh res ul te in 
"-

an al tered gene pool in the new population., Selection con­
t 

tinues until the new population is reproductively isolated 

from the old and from the continulng influx of immlgrants. 

It seeme obvloue that thlS theory lS" the sarne as the the ory 

of island speciation as proposed by Mayr (1963) and 

MacArthur and Wil~on (1967) (see also Thorpe 1960). It is 

the amount of gene flow that is important. 

David (1963) reviews the speci~tion of planktonic 

chaetognaths in allopatrlc terms and discusses the nature 

of barriers in the oceans. He concludes that very fine 
r 

• 
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1 
differences in physi~al parameters su ch as temperature and 

1 
salinity may be of ~eat importance in determining distri-

1 
butlons, and that arf understandlng of distributions may 

1 

clarify the nature df pelagie speclation. Davld a1so 
1 

\ " 

emphasizes that oth,r factors such ai} food may be more 

lmportant than the p~YS1Cal eharacteristics of water masses. 

McGowan (1971) m~e,s \ simi1ar 3uggestlons and ci tes Macfayden 
1 

( 1957) ; we mU3t knowwhat factors are relevant from the 
1 

arnma1',s pOlnt of Vlew 3..Yld often we do not-pow this.· It 

le: 1ikely that the seas-I are very much less homogeneous than 

they at first appear (for example see Cooper 1967, and 

In the main, the sympatric model of sneciation--.has not _ 

been, ,successful ln the marïne environment. ProposaIs of this 
.. 

mode1 are factually mistaken Ce.g. Test 1946, in Kohn 1960), 

turn out to be varlants of allopatric speciatlon ln thin 

dlsguise (Brown 1957, Buzzati-Traverso 1958), or ~hey 

provide no detailed mechanis~ (Fretter and Graham 1959, Kohn 

1960, see discussion of thls pOlnt ln~ar 1972). The 

allopatric model does work, and objections to it are for 

the most part psychological. lt will be assumed in the 

following discusslon of Anomalocera's spe~iatlon. 
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Climatlc change and the speciation of Anomalocera 

There is an abundance of climatlc changes reported 

for the FleiGtocene era which would have affected North 

Atlantic water temperatures (Ekman 1955, Denton and Porter 

1970, Dansgaard, J ohnsen, Olausen and Langway 1971, Ewing 

1971, r1cIntyre, H.uddiman and Jantzen 1972). Dansgaard et al 

have found a 68-78 year cycling of warming and coollng 

perlO'QS of molerate mLlgni tude. Superimposed on theoe are 

longer term changes in cllmate such as the Little Ice Age 

of 1600-1740 and the cool perlod of the fifteenth century 

WhlCh i s con::31dered to have broken the connection between 

the Norse settlements of Greenlard and Iceland. DunŒU_~ 

(1973) notes that such short-term climatic changee can 
". 

quickly change dlstributlons of marine pelagic life. 

EWlng dlscusses longer term Pleistocene climatic 

fluctuations from 70,000 to 100,000 years of greater 

temperature changes. f.1cIntyre ~ al correlate micro-

plankton facies changes in the mid-Atlantlc ridge sediments '. 

with latitudinal shlfts of North Atlantlc water masses over 

;approximately this time scale. The problem with reference 

to the history of Anomaloeera species is that of whieh time 

scale to considere 
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The time taken to fotm new species varies greatly and 

cannot usually be estirnated. In sorne cases, it can be 

extremely rapld and a few sltuations have lent themselves 

to rellable ~ating. The formation of the Red Sea endemi~ 

fauna iS, lmovm to have taken about one million years 

(Ekman 1953). Specles swarms ln fresh water lakes prov~de 

the most drarnatic instances of rapld species formation 

(Lake Nabugabo near Lake Vlctoria, flve species of 

cichllds ln 4000 years; Lake Lanao in the Philipplnes, 18 

species of clchllds in 10,000 years) (Myers 1960). Mayr 

(1963) comments on these flndings and gives estlmates of 

about. 100,000 years for the forma tlon of certain marlne 

flshe8, including a Mediterranean herring: In the case of 

marlne copepoq.s such as AnQmalocera lt lS not reallstic to 

estlma~e speciatlon tirne except to suggest that the events 

of the Plelstocene provlded the cllmatlc fluctuations over 

adequate perlods of time necessary to most hypotheses of 

allopatric speclatlon. , Perlods of cllmatlc change and 

geographical separation are cornblned below ln a theory of 

Anornalocera's speciation into A. opalus and A. patersonl. 

The ternperature requirements of Anornalocera spp. for 

successful breeding are not known in any detai~ (Section IV, 

p. 68). Both A. patersoni and A. opalus breed in the 
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summer over a large temperature range, in places spanning 

as much as 180 C (Section IV), and only in the Gulf of 

St. Lawrence has there been a detailed study of the life 

hlstory of an Anomalocera species (Section VI). From thlS 

Gtudy (:::;ee Flg. 17, Tables 8,9 and 10), only a rough 

estimate of temperature-breeding relationships can be seen; 

12-180 C 8eemG ~o be the range of m~ximum population Slze 

3Jld population growth of !. opalus. As Andrewartha and 

Blrch (1954) have repeatedly pointed out, small variatlOnG 

in temperat1Ïre can have ] arge effec tG on popula tlon 

increases or declines. Examlnation of monthly sea-surface 

lsotherms near the south coast of leeland (Gleskes 1970, 

from Krauss 1958) chows that the coastal waters reach 11 0 C 

for only two months of the year, July and August. lt may be 

that a slight rise of as llttle as three degrees centigrade 

would make pOGslble the establishment of summer breeding 

populations in the se waters, mue h as a drop in tempera ture of 

a slmilar magnltude eliminated breedlng populations of Norse­

~eri in West Greenland. 

As noted above (Seetlon III), the strongest dis-

, tinguishing differences between A. opalus and A. patersoni 

are to be found in the genital segments of both sexes, whieh 

as Mayr (1963) points out is for many species pairs, an 

indication that previously separated populations have been 

brought back into contact with each other and that selection 

\ 
Il 
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has furthered mechanisms to prevent wasteful breeding 

between two genetic types (wasteful in this context can 

refer to fru1tless use of gamete3 and energy during mating 

as weIl as product1on of cter1le or unfit hybr1ds). The 

gen1tal segments of copepods Qre weIl known ta be h1ghly 

spec1fic (FIemlnger 1967, Geptnev 19G8) and are in many 

instances ~ümilar to 8. lock and key mechanism ~~ that the 

male of one speci es will fit only females of the sarne 
2.. 

species (Lee 197}). ThlS vJOuld suggest that the orlgIDa.l 

Anomalocera population has been separated, reunited and 

separated again to create the present day situat1on. 

~lmllar argwnent ~J could be made for the formatlon of A. ornata. 

If the hlstory of Anomalocera's speciation 1ITVolves mueh 

guesswork, then the or1gin of the genus i3 3t1ll more con-

jectural. Pontellld copepodo are predomlnantly troplcal 

(Davld 1965, SheI1llan 1964), although the large genus, 

Labidocera, io found'in temperate regions, and Epilabldocera 

io found ln the Arctic. Ocean systems of the past are 

difficult to determine, and that plankton species must alwaY8 

opread with dominant current 3yctems is, although plausible, 

not nBcessarily true, especially for nerlt1c specles. It .. 
i8 prys8lbIe that the eastern North Atlantic population of 

'Ànomalocera once spread to the w~st by way of Iceland, West 

Greenland and Newfoundland to the Scotian shelf and down the 
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North Atlantic coast in westerly currents and gyres north 

of"the North Atlantic Drift. Multiple invasions in this 

manner could explain the formati0n of A. ornata in southern 

inshore waters and the Gulf of Mexico. 

,. l 

... !. ...... 

... 
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Section VI 

The life cycle of Anomalocera opalus 

in the Gulf of St. Lawrence 

1 
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The collections 

Facilltles for a t}~ee-year shore-based field study 

were provided by the Statlon de Biologle Marlne at Grande­

Rivière and at Magdalen Islands field laboratory on . 

Grindstone Islands. Winter crUlses on icebreakerG were'made 

possible by co~rte3y of the Canaùlan Department of Transport. 

Co'llectlons were taken on other crUlses made by the Marine 
r'v" Scienceo Centre, McGlll Unlverslty, and by the FiGherles 

Re;::;earch Board of Canaùa, Huntsman Biologlcal IJaboratory, 

~ St. Andrews, New Brunswick. Unlcss otherwise stated, aH, 

fleld work and cruice;::; were made by the author. 

The first cerles of pleuston sample's was begùn in 

March 1966 at Grande-Rlvlère on the south Gaspé coast. The 

early samples were taken from very small boats, often during 

ice conditions. Later samplec were taken from a variety of 

chartered flshlng boats, usually 65 foot draggers. The 

early oamples were taken from one to three miles off shore; 

the later samples were taken at a standard station used by 

the laboratory (station 112) about five miles offshore over 

the 60 fathom contour. Several pleuston samples and one or 

more vertlcal plankton hauls were taken during each day's 

s,ampling. An attempt was made to sample at station 112 at 

weekly intervals, although this was not always possible. 

The series waD run until mid-November .• 
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( A slmllar program was run in 1967 at the Magdalen 

Islands from May to September. Four pleuston samples and 

two vertical hauls were made on each day's sampling and 

samplec were made at approxlmately weekly intervals. A 

three-stage pleucton net was used extensi vely "ta study 

micro-vertical dlstributlon. Most of the work was done a 

few ~les offshore from the tO'.m of Grindstone but diffi-
1---'· . 

cul tiés wi th, the ctation boat made chartering of boats from 
1 

other parts of the island necessary. Figure 11 glves the .. 
p03itions of sarnpling at the Magdalen Islands. In 1968, a 

third series of pleuston samples und vertical hauls was 
, 

made by- Ml'. Martin Weinstein a:t the station 112 off Grande-

Rivière. Thls series ran from June ta Octo'ber. 

Wlnter planktan work was done from icebreakers and 

from the Bedford Instl tute shiR~ the "Dawson", over 

dlfferent parts of the Gulf. In March of 1967, a cruise was 

made over the Laurentian Channel on the icebreaker 

"d'Iberville". Deep vertlcal hauls were made at several 

stations. In March 1968, Mr. Weinsteln collected plankton 

from the lcebreaker "Labradar'~, and, in 1969, Mr. G. 

Tidmarsfl made a larger plankton collection from the "Dawson" 

during a wlnter of very: little lce in the Gulf. The 

stations made during these cruises are given in Eigures 12 
, , 

and 13 and Tables 4 and 5, which also describe the 

plankton sample3"taken. 
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Additional cruises were made in the Gulf of St. 

Lawrence during the spring a~d summer in both 1966 and 1967. 

Mr. L. Doran made available the Anomalocera found in a 

larval fish survey made by the RS "A.T. Cameron" in August 

1965 over the Magdalen Shallows. In May of 1966, pleuston 

samples were taken ,on a sirnilar liA. T. Cameron" cruise over 

the same area (Fig. 14), with the same equipment used from 

the shore statlons. Other samples 'made for a fish egg and 

larva sutvey on the sam~ crUlce were also available for 

shipboard examination. Another cruise was taken ln July of 

1966 to the north east area 9f the Gulf, including the 
" Strai t of Belle Isle. The ship used was the "Theta" under 

charter for the Marine Sciences Centre. Many pleuston 

samples were taken during this cruise as weIl' as many deep . -
plankt on' hauls • 

In August of 1967, a ten-day cruise over the entire 

Gulf was~a,ie on the C.S. "Hudson", (Flg. 15,), wi th ship':' 

time made available by the Bedford Institute. Similar work 

was done on this cruise with the addition af observations on 

live À. opalus and an increased number of ,micro-distribution 

samples. 

of more 

study. 

These surnrner cruises provided material that may ~ 

use ta future pleuston work than ta the present L-:J 
Their main value t~hiS work lay in the opportunity 

to take many night samples, something not possiçle from the 

shore stations, and to examine the micro-distribution of . 
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Table 4 

Late winter cruises in the Gulf of St. Lawrence 

Date Lat. N Long.W Type of sample Depth of sample E.S.T. 

1961 - d' Iberville 

March 2 49°22' 64°58' ~ meter net 1st, 20 meters 0930 hrs 
#20 mesh 2n:i, 375 meters 
Vertical hauls 

48° 44' 61 ° 26 ' 
.. 

March 3 " " " 1st, ca 300 m 2000 hrs 
(from bottom) 

\, 

2ni, ca 300 ID 
(froID bottom) 

March 4 47°52' 59°53.5' " " " 1 sf, 350-400 m 2000 hrs 
2nd, " " 

March 5 48°06 ' 59°53' " " 
,,, 1st,350-400 m 1930 hrs 

~ 2nd, " " 
March 6 48° 18 ' 63°55.5' " " " 1st, 90 m frOID 2300 hrs 

bottom 
2nd, 90 m. frOID 

bOottom 
3rd, 90 m from 

bottOID 

1~68 - Labrador 
J 

April 47°52' 60°16 #6 mesh 1st, 490 m 
Vertical hauls 2nd, " 

• 
April 48°24' 60°21' " " " 1st, 440 m 

2nd, ". " 

April 49°16 ' 64°08' " " ~ " 1st, 400 ID 
~ 2nd, " 

... 
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Table 5 

c. S. S. YDawson" cruise - January 1969* 
Il 

e-.. 
Type of Depth of approx. 

Date Lat. N Long. VI sample sarnple E.S.T. 

Jan. 19 47°06.3' 60°45.0' Vertlcal 160 III 2400 hrs 

Horizontal 125 III 

Jan. 10 47° 4 1.0' 63°25.5' Vertical 65 III 0800 hrs 

Horizontal 26 III 

Jan. 1 1 49°19.5' 64°50.5' Vertlcal 190 fi 2000 hrs 

Jan. 13 48°58.7' 67°55.7' Vertical 280 III 0300' hrs 

Jan. 14 49°45.3' 65°39.0' Horizontal 100 m 1300 hro 

50°02.0' 64°05.0' Vertical 120 fi 1900 hrs 

Jan. 15 49°41.3' 6"1°04.5' Vertical 250 fi 0900 hrs 

Verl;ical 11? III 

50°06.5' 59°24.0' Vertical 150 fi 0700 hrs 

Vertical 90 ID . 
51°12.0' 57°42.8' Jan. lE Vertical 145 fi 

Jan. 17 49°54.4' 58°52.1' Vertical 205 fi 0000 hrs 

Horizontal 150 ID 

Hor,izontal 200 ID 

49°02.5' 60° 16.0' Vertical 250 ID 1800 hrs 

Horizontal 180 ID 

Jan. 18 48° 26. 1 ' 62°29.0' Vertical 350 ID 0500 hrs 

Vertical 300 m 

46°59.0' 62°46.3' Vertical 250 ID 1600 hrs 

Vertical' 60 ID 

Horizontal 50 ID 

Jan. 19 48°17.9' 61°01.0' Vertical 400 ID 0800 hrs 

Horizontal 250 ID 

e 
* AIl t m nets, /lb mesh. AlI horizontal tows, 10 mins. 

< 



87 

'_ 
Table 5 ~nt"'d) 

Type of Depth of approx • 
., Da'te Lat. N Long. W sample sample E.S.T. 

". Jan. 19 47°51'.7' 59°58.0' Vertical 450 1700 hrs ID .. 
Vertical 275 ID 

Horizontal 200 ID 

Jan. 22 47°21.8' 59°47.2' Vertical 450 ID 0200 lITs 

Vertical 300 ID 

Horizontal 200 ID 

47°51.7' 59°25.0' ,V-ertical 350 ID 0500 hrs 

Vertical 200 ID 

Horizontal 125 ID 

. Jan. 21 47°08.4' 600 12.0' Vertical 190 ID 2200 hrs 

Horizontal 150 ID 

47°08.0' 60°12.0' Horizontal 200 - 0300 lITs 
300 ID v----

.. 
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Figure 12. Map of two icebreaker cruises: 

circ les 

crosses 

\ 

"d' Iberville", March 1967 

"Labrador":, 'March 1968 

\ 



38 

\ . ... . . ' . . . : , 

69 67 65 63 

. . . . . . 

\ 

59 

.. 

sr 

50 

49 



· --

Figure 13. Mal' of the "Dawson" cruise, January 1969 
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Map of the "A.T. CameronJ' _cruise, 

May" - June, 1966 • 
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Figure 15. Map of the "Hudson" cruise, August 1967 
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A. opalus throughout the Gulf of St. Lawrence under 
'-

different environmental condl tians. The "Hudson"- CI.'Ul se 
" 'l-, of 1967 provided much fresh material for the investigat~on 

of' the pigment systeTIlB of A. opalus. The extreme ·,patchi­

ness of the copepod over both short and long distances and 

l ts vndespread distrlbutlon ln the Gulf were demonstrated. 

The "A.T. Cameron" cruise taken ln Ma~\ 1966 was extremely 

valuable in'that no Anomalocera were found at that time over 

a WlQe area of the Gulf, a fact which bears on the argument 

for a restlng egg (see below). Analysis of areal distri-

butlons of Anomalocera's abundance and stage composltion 

seemed pOlntless because the crUlses were taken at different 

seasons, years and areas. 
1-

Naterlals and methods 

A pleuston net of the deslgn glven by David (1965a) 

was used initially, but its large size and lack of flotation 

made it impossible ta use from the" small boats available at 

the shore stations, and it was very easily damaged when used 

from large ships. A smaller model (2/3 scale) of David's / 
.> 

net was built and used for most of the study with great 

success (F.lg. 16) •.. The apparatus consists of two wide skiis 

about 4 feet in len~h wlth attached inner keels, joined by~ 

two three ~ôot cross members from which the semi-submerged 
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'rectangular net fFame is suspended. The keel of thlS 

scaled dovm mode.~ ic relatively deeper (18 inches) than 

. David's, and styrofoam was molded beneath the 3dis to 
t ~7 .. 

increace flotation. (ln 1967 an lrnpro~ed model with fibre-

glass-cov~red floats was constructed by Mr. Paul,Brodie). 

Bridl'8c are l'un from the tlpS of the Cklis to a junction set 

so that the lnner br1dlè lS shorter than the outer brldle 

\\f~en the net is toweq~ , Th13 resul tG ln a 3hearing away from 
~ 

the shi~,t s ?ide co that ,the net dm fish in water unùisturbed 

by the' ShlP'S bow wave; the deeJ!er keels increase the shearlng 

effect. The plankton netc used had a rectangular mouth 

6 x 8 1Rcheo and were 31X feet long. The h1gh ratlo of net 

length to mouth area gives them a very high filtration 

efficlency. The net \\'UC lmmersed to a depth of about four tJ 

" inches v/inch bëcame reùuced to about two or three inches when 
, 

the net wac under rlay. Sllght adjustments of trim were made
c 

\?y attaching weights to the rear of the skiis. The increased 
<1 

buoyancy of the e~~~e system allowed the net to be hauled at 
î 

sloy/ speeds wi th only clight variation, in net immersion 

depth. This VfqS not possible with the original design which 

had to be used at higher speeds and with a sharp cable angle. 

f The larger net also gave trouble when used in heavy seas, but 

the. 2/3 scale net towed perfectly ln very rough water. 

The p~euston samples taken approximately weekly from 

the soor,e statlol).s and during the summer cruises were 
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standardized as nearly as possible to 15 mlnute duration 

at a speed of about two knots. Wind rows, usually compose~ 

of seaweeds and eel grasses, were a persistent feature aIl 

over the Gulf of St. Lawrence. Samples taken from small 

man6euverable boats were always run at an angle to the wind 

rows (i.e. to the wind direction) to avoid blases due to 

PO;Sl ble micro-dlstri butlons at the vdnd rows. Samples 

taken from the larger ShlpS could not always be done ln 
. ' 

thlS way but by chance the maJorltyh of them were also taken 

at sorne angle to the wind rows. In most cases two pleuston 

samples \Vere taken in one dlrection followed ,by two more in 

the opposite ~~~ectlon along the same Ilne. Usually the 

last two sarnples were made with the three stage net, the 

top net belng equal to the 3tandard single pleuston net. 

The mean nurnber of Anomalocera present was taken for aIl 

pleuston sarnples made durlng a day's work. 

For studies of micro-distribution a net ;rarne was 

bUllt slmllar to that described by Davld (1965a and b) which 

neld three rectangular nets, the top one flshing at the usual 

2-) inches, the middle net sampling the water layer 6 to 12 

inches deep, and the bottom net 14 to 20 inches. Attempts 
, 

were made to use a flow meter attached to the keel bottom to 

give a measure of distance travelled during the sample, but 

at nearly every sample seaweed clogged the meter and no 
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reafing was possible. Eventually the practise was abandoned 

and the speed of towing was adJusted as well as p03sible to 

two knots and timed for 15 minutes.' 

The studles of Anomalocera's micro-dlstrlbution 

(Section X, Table 14) show that well over 90% of the 

population IlVeG wltllin the top 2-3 .lnches of surface water. 

The behavloural observations lndlcated that rrrost of the 

population was livlng withln the upper few milllmeters 1 
(Section X), and a reVlew of the literature revealed no 

instances of any species of Anomalocera caught wlth a closlr:g 

net below the surface. It was concluded, on these bases, 

that the semi-immersed pleuston net sampled the entlre 

populatlon (wlth the exception of the' eggs and first 

naupliar stages dlscussed later in this section). ThlS is 

aR unusual clrcwustance ln plankton work \'lhere samplihg 

uncertainty lS more often the rule. The pleuston net can be 

wa tche d dur lng the en tire sample sa tha t there l s no doubt 

about lts functloning properly, again in contrast to deeper 
.~-

plankton ha~l s . There is a posslbillty that the later stages 

of a proportion of Anomalocera might escape the small net 

aperture, especially since the front sections of the keels 

would give sorne warning •. This problem is not considered ta 

be more severe with the pleuston net than it 'is with,ordinary 

plankton nets; it would result in a slight under-estimation / 

of the adults and late copepodite stages. 

.. 
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Salinity samples and surface temperatures were taken 
1 

at each station. Salinities were determined with a 

conductivity cell in 1966 and 1968. In 1967, a hydrometer 

set was used. Two or more pleuston samples and two verti-

cal hauls were taken at each station whenever possible. 

The vertical hauls were made with a number 20 mesh circular 

plankton net of elther one-half-meter or one-third-meter 

diameter. Observatlons were made of wave helght, water 

colour, weather conditions and presence of oea blrds or 

other anlmalG ln the viclnlty of the station. Plankton 

samples were preserved ln buffered formalin and sea water. 

Frequently live plankton hauls were made at the end of the 

regular work for lmmedi~te examination in the laboratory. 

Tables 8, 9 and 10 give temperature, salinlty and number of 

samples for 1966, 1967 and 1968. 

The preserved samples were examned during the winters 

at the Marine Sciences Centre. Samples with large, numbers 

of Anomalocera were sometimes subsampled with a Folsom 

plankton splitter (McEwen, Johnson an'd Folsom 1954), or in 

three cases (in 1968) with an auto-plpette. Otherwise the 

entire sample was examined. A dlssecting microscope was 

used for these examinations. AlI the copepods were staged 

and stages IV, V and VI were sexed. Because o~ the high 

degree of irregularity in the samples of both abundance and 

stage composition (discussed below), much of this detailed 
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information was not useful. ~he mean numbers of adults, 

nauplii (stages 2-6), and total of stages for the samples 

taken on a given day are presented i~ Tables 5, 6 and 7 for 

the three years of summer sampling. Thls,information is 

presented in graphie form in Figure 17. The more detailed 

information of stage composition is given in the tables ln 

Appendix il. 

Precautlons were taken to avoid sampling pleuston 

under a weather ohore. In 1967 at the Magdalen Islands, it 

was notlced that Anomaloce:;:..a was often lac king or reduced 

in numbers ln such samples, while samples taken further off­

shore qr to one side of an upwind island could contain man y 

Anomalocera. Samples taken early in the 1967 program, 

which wlnd data lndicated might have been taken~under these 

condltions, were ellffilnated (before analysis of the sarnples) 

and for the rest of the season such eonditlons were avoided. 

The Grande-Rivière samples were taken far enough offshore so 

that thlS seemed less of a problem. 

Resul ts . 

Anomalocera made its first appearance in the study on 

~June~ 15, 1966 ,i~ the form of four stage 6 nauplii and 39 

copepodites, mostly early stages but including one stage V 
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(Table 6). Anomalocera'was present from this time on in 

the 1966 collectiolls. In the months of June and July there 

was dn lrregular but general lncrease ~n numbers and a 

dramatic lncrease of adults ln August followed by a decline 

of adults wlth a nearly simultaneous appearanceof nauplli 

which reached a peak ln early September. From late 

September on, the entire populatlon declined and at the last 

sampllng date, November 17, there were only 15 nauplii in 

four pleuston samples. These nauplll prob'ably represent the 

la3t of the summer populatlon. Although lt 13 p03s1ble that 

the large nurnbers of September nauplil were produced by ~be 

great concentratlons of adults in late August, this lS not 

necessarily so. Reoults of the summer crulses ln the Gulf 

and of the 3amples taken from shore stations in 1967 and 
\ 

1968 showed tha t the ~. opalus pOIJU\ation i~~e.ry patchy, 

consisting of many dlfferent populatiô~~~hich m~y be swept 
\ 

into or out of a sampllng area qui te rapldly. Stage 

compositlon frequently changes greatly over distances as 

short as a few miles. Consequently lt was never possible to 

follow the growth of a single brood. Breedlng,as evidenced 

by the preocnce of young stages and spermatophoires on adult 

-females, was continuous and thlS further reduced clarity in 

the results. 
. , / 

Similar results were obtained during the summers of 

1967 and 1968. The first appearance of !. opalus in these 
(, ' , 

) 



Figure 17. Graph showing the seasonal abundance 

of A. opalus in the Gulf of St. Lawrence: 

1966 - Grande-Rivière 
, 

19"b7 - Magdalen Islands 

1968 Grande-Rivière 

" 
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Table 6 

The numbers and stage composition of A. opalus 
on the date of its first appearance in the 

samples in 1966, 1967 and 1968. 

',"" The date of first appearance of adul ts in 
the samples in the same yea~s. - , -- ' - . 

Number of 
Date 

1966, 
June 15 

1967, ~ '", 
June 19 

1968, 
June 5 

Nauplii 

4 stage 6 

.' ,­
\ 

) 
7'stage 2 
1 stage 3 
3 stàge 4' 
1 stage 6 

2 S'tage 6 

Copepodites 

7 stage l 
7 stage II 

11 stage III 
13 stage IV 

1 stage V (male.) 

none 

9 stage l 
3 stage II 

Adults samples 

none 2 

none'" 4 

none 1 

Date of first appearance df adults 

1966 June 30 

1967 July 5 

1968 June 28 
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Table 7 

Pleuston samples taken" before the appearance of 

Date 

March 4 
March 16 
April 4 
Aprll 7 
Aprll 12 
April 13 
April 15 
April 20 
April 22 
April 29 
May :3 
May 13 
May 15 
May 31* 

May 30 
June 2 

. June 7 
June 12 

Anomalocera opalus. " 

No. and type 
of sample SaliI1;i ty Temperature 

1966 - Grande-Rivière, 

Horizontals(2) 31.94% 0 ° -0.5 C 
1 Pleuston 32.00°;00 ° -0.7 C 
1 " 09.18° / 00 0.60C 
1 " 16.04%0 0.10C 

2 " 30.44° / 00 0.9OC 
1 " 11.71%0 2.80C 
1 " 30.53%0 O.7,°C 
2 " 30.72%0 2.30C 
1 . " 27.01%0 3.00C 
2 " 30.59%0 1.4°C 
2 " 30.73%0 1.80C 
2 " ;31.47%0 1.9OC 

l, " 30.55%0 2.20C 
4' - " ca7.0oC 

1967 - Magdalen Islands 

4 Pleuston 31.8%0 4.10C 

4 . " 31.8%0 4.4°C '\ 

4 " 31.6%0 6 ~,7°C 
4 " 

0, 
31.9 1 00 7.5OC 

1968 - Grande-Rivière 

None - !. opalus present in 1st sample 

1 

Loca tion 

Very near shore 
].- mile offshore' 2 

" " " 
" " " 
" " " 

.~ 

" " " 
3 miles offshore 

" " " 
~ mile" o'ffshore 

3 mlles offshore 

" " " 
,Statlon 112 

3 miles offshore 
Neru:. Station 112 

Pleasant Bay 
"d " 
" ". 
" - ,f -

* 4 statlons d~f the Gaspé from the A.T. Cameron cruise. See 
text page 83, figure ,14, Stations 40, 41" 42,. 43 •. 

, " 

; , 

" 
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years was in early to mid-June ln the form pi naupliar and 

(/ early copepodite stages (Table 6). The ~d~lts appeared ln 

the colleotlons two to three weeks later. In the fall of 

1968' nurnber:.c were stlll large, and the general decline seen 

ln 1966 hq.d not yet occurred by mid-~.ctober when sampling 

ended. The fate of the last copepodc ln the fall iD not 

known. Ohly in 1966 w6re sarnple3 made aD late as November 
1 

~ll1d even'- then fall sampling \'Jas not frequent. In 1967 

'sampllng enùed ln 3eptember and a population decllne 18 not 
-..... 

readlly apparent at thls tlme. TaQles 8, 9 and 10 glve 

sampl1ng data for 196C - 1968, and Tables 11, 12 and 13 

gi'Te the cbta used for Flgure 17. 

The presence of the 15 naupllar stages in mid-November 

1966, when the .::;urface ceel tempera ture was 1. 6°C, i s 

curr;rlsing. During the tlmes of peak. popula'tlon size the 

;Jurfac e tempera ture was between 12 and 14 Oc and a t times of 

flrct annual appearance,~bout 10·- 12°C (1966, 12.SoC; 

1967, 9.9 0 Cj 1968, c~ 10.5 0 Cj see Flg. 18). Table 6 presents 

the stage composltlon andënte of first appearance of A. 

opalus for the three summers of study, and Table 7 gives the 

number of samples taken bef~e its first appearance. 
", 

A rough estlmate of the density per m2 of Anomalocera 

ln the Gulf of St. Lawrence c~ be determined from the life 

c.ycle data. Since the pleuston hauls were taken at an 
ù 

average speed of two nautical miles per hour and were made 
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13.5.66 
15.5.G6 
31.5.66 
15.6.66 
22.6.66 
30.6.66 

i 8.7.66 
12.7.66 

1.8.66 
2.8.66 

11.8.66 
16.8.66 

J. 20.8.6& 
30.8.66 

6.9.66 
20P9.G6 
12.10:66 
18.10.66 
26.10.66 
17.11.66 
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Table 8 . , 
Table of Station Data for Life, Cycle 

Study:' 1966 - Gulf of St. Lawrence 

Surface 
Aliquot %0 T. 

AlI' 31. 4,7 1.. gOC 
all 30.55 2.2 0 C 
aIl 6.SoC 
aIl 28.12 12.àoc 
aIl 28· f 8 11.1gc 
all 28.55 14.70 C 
aIl 29.51 12.2

0
C 

al1 13·8.o C 
a11 30.17 15.0oC 

l 29.36 l6.5Q C 2 
l. 29.81 15.5 € 2 
1, 29.99 15.9.PC .1. 
l 29 .. Bl 13.SoC 2 
). 29.99 ° 2 13.3 C 

aIl 30.30 ° 13.90 C 
aIl 2B.35 Il. SoC 
al1 31:49 7.20 Ç 
all 32.21 6.t() C 
all 30.32 5.SoC 
al1 30.10 1.70 C 

No. of 
Samp1es 

2 
1 
4 
2 
4 
4 
2 
2 
3 
2 
" L. ~ 

2 
2 
1 
3 
2 
1 
2 
3 
4 
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Date 

2.6.67" 
12.6.67 
19.6.67 
27.6.67 
5.7.67 

10.7.67 
26.7.67 
1.8.67 
9.8.67 , 

10.8.67 
16.8.67 - .'" - ~ 

30.8.67 
8.9.67 

13.9.67 

.,. 

105 

Table 9 

Table of Station Data for Life Cyc~e 

Study: 1967 - Gulf of St. Lawrence 

Aliquot, 
. Sgrface 

lob T. 

0 • 
aIl 31.8 -4.40 C 
aIl 31.8 7.5 C 
aIl 30.6 9.90C 
aIl 31.7 13.4~C 
aIl 31.2 

., 
13.80C 

. aIl 31.6 . 15. 00C 
aIl 31.4 17.40 C , 31. 2 19.4.C 

! 
! 
i 0 

aIl 17.5'oC 
aIl 30.6 13.00C 
aIl 14.7 C 

No. of 
Samples 

4 
4 
4 
4 
4 " 4 
4 
4 
2 
2 
2 
4 
4 
4 
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Table 10 

Table of Station Data for Life Cycle 

Study: 1968 - Gulf of St. Lawrence . - -

Surface No: of 
Date Aliquot 0/00 T. samples 

5. 6.68 aIl 1 

13. 6.68 ' ail 
ç."' 

1 

" 19. 6.68 aIl 28.60 10.8 1 

28. 6.68 .l. 28.44 11.7 1 2 

5. 7.68 ' t 28.08 13.5 2 

17. 7.68 aIl 27.62 16.9 1 

25. 7.68 1- 1 '2 

31 • 7.68 aIl 28.46 15.4 1 

14. 8.68 .l.. 28.58 14.3 1 4 ,. 
22. 8.68 ~ 29.25 11.5 1 

3. 9.68 .l.. 29.68 10. 1 1 4 

11 . 9.68 ! 29.37 15. 1 

19. 9.68 aIl 30.80 12.0 1 

20. 9.68 1/8 " 1 

24. 9.68 1/10 30.12 11.7 2 
15.,10.68 1/10 29.38 10.4 1 ) . 

'" 

""-- ~ 

.. 
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Table 11 

Mean numbers of Anomalocera opalus Îor each 

sampling date. Nauplii (Stages 2-6), 

Adul ts (Stage VI 0 and 0), aIl stages. 

1966, Grande-Rivière 

AlI 
Date Nauplii Adults Stages 

June 15 2 0 21.5 

June 22 0 0 9 

June 30. 0;3 38 112 

July 12 0 180.5 480 

August 1 5 35.5 119.5 

August 2 237 25 314 

August 11 2.5 3'37 400 

August 16 0.5 2202.5 1162 

August 20 508 1092.3 1785 

August 30 1132 0 1156 

"September 6 662 29.5 703 

September 20 332 24 378 

October 12 12 28 40 

October 18 0 0 0 

October 26 1 2 3 

November 17 3.7 0 ~. 7 

-, 
---"!I 
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Table 12 

Mean numbers of Anomalocera op~lus for each 
sampling date. Nauplii (Stages 2-6), 

Adults (St~ge VI ° and 0), aIl stages. 

1967, Magdalen Islands 

AlI 
Date Nauplii Adults Stages 

June 19 ' 3 '0 3 

June 27 11.7 0 11.8 

July 5 29.2 0.25 74.8 

July 10 1 10.2 49.1 

July 26 83.3 2.6 87.3 

August 1 28.8 7.8 193.2 

August 9 '0 20 45 

August 10 2 33 225 

August 16 0 66 718 , 

August 30"l ... 3.5 6.7 110.8 

September 8 3.5 1 54.8 

September 13 0 60.8 134 
~ 

• 
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Table 13 r \, 

1\.:,- 1 L 
l, 

opalus for .e~Jh'''· Mean numbers of Anomalocera -1 
"Ir ~. 

sampling date. Nauplii (Stages 2-6), 
1 

,j 

Adults (Stage VI 0 and 0), aIl s~~~~s . 

1968, Grande-Rivière 

"-

AlI 
Date Nauplii Adults Stages 

June 5 2 . 0 14 

JlUle 13 3 0 53 
June 19 71 0 74 
June 28 526 1 

1 
685 

July 5 175 69 t
l 

642 1 

July 17 3 9} 223 

July 23 2 130 230 

July 31 9 
~.,"f 

3 49 , 
-

August 14 552 88 1088 

August 22 22 1.34 316 

September 3 56 352 2176 

September 11 0 214 234 
September 19 1 165 216 

September 20 16 712 2648 

September 24 0 2075 4100 

October .15 0 1990 2030 
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for 15 minutes, the distance covered during each haul was 

about one half nautical mile. The rectangular net was 

eight inche3 wide and over thlS distance would fllter 193 

square,meters of surface water. In 1966, the population 

had a denSl ty of about • 1 copepods per m2 in June which 

rose to Jbout 10 copepodc per m2 ln August. This again 

declined to about the June level of • 1 m2 by October. 

IJen~a tiec of uT) to 20, indivlduals per m2 were founel in 

locall:3ed patches encountered ln August o~ 1966 off Grande-'I\ 

Iü vi ère and on several occasions in the north eastern Gulf 

durlYlg the "1'heta" crui se in 1966. 

Zaitoev (pers. comm.) has found Anomalocera patersonl 

2 
El the Black 3ea at densi ties of 500 peI' :TI. Huntsman, 

Bal'ley and Hachey (1954) report Anomalocera ln the north 

eastern Gulf of St. Lawrence in denslties sa great 'that the 

water was coloured by them. Thompson (1889) reports a huge 

patch of A. patersoni several miles long near the Isle of 

Nan. He de:Jcribes the patch, " .•. the surface of the water 

literally 3warmed with the large and beautlf~ copepod, 

Anomalocera patersoni. Each cast of the tow net brought up 

.thousands of them; they'were sa numerous as ta be distinctly 

visible ta the eye on the smooth edge of the waves, and had 

the appearance of fine dust as seen from th~ side of the 

vessel. They were equally abundant durlng the day and after 

sundovm " . .. . After a few days this patch disappeared from 

the area and Anomalocera became rare. The impression of 
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fine dust on the surface probably derives from the dimple 

made in the ~face film Dy the surface attachment 

structure. Tt lO curious that no patches with the densities 

of tho se descri becl aoove were ever seen during three years 

of work on thio Gtudy. There have been no cimilar 

observations elsewhere in recent li terature (Wl th the 

exceptJ-on of Zai tsev' s figure of 500 per m2 WhlCh would not 

be a great enough concentratlon to colour w:.lter). 

-
Detailed Inve'stlgations of Anomalocera':3 relatlonshlps 

/ 0 

to the wInd rOWG waG not m:.lde. As noted in the discussIon 

of materlals and methods in this section, the pleuston net 

\'Jas nearly always towed a t an angle to the wlnd rows to 

avold pCitclllness which might resul t if the copepod8 were 

aggreeated at the wind rows. Durlng the observatIons of 

lIving Anomalocera at sea (September 1967, see Section V)~ 

the only speCImens seen were sVlimming in the viclni ty of 

floating detrl tus which seemed to b e the remains of old 

WHl.d 1;'o\1s. On another occaSIon in Augus t, 1967, Anomalocera 

was found ln moderate numbers in a convergence zone between 

tidal currents just off Sandy Hook in the Magdalen Islands. 

The convergence was marked by great amounts of seaweed and 

floating driftwood. No Anomalocera was found on either 

side outside t~is zone. Zaitsev (1970) notes that pontellid 

copepods in the Black Sea may De concentrated in similar 

convergences but gives no information of thelr relation to 
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the s.maller wind rows of the Langm~ir circulation. 

Considering the importance of the wind rows to other 

animaIs (Section I), this should be an important tOplC of 

future research. 

D1Scussion and conclusions 

The most lnterestlng and curprising result of the life 

8ycle study was the nearly regular first appearance of 
'. 

A. opalus ln June of each of the three years of sampling. 

At each first appearance the populatlon as seen in the 

sarnples was compoced of naupliar stages and early copepodl tes. 

Adul ts Viere not found until two or 'three weeks later. Durlng 

the fall of each of the three ye ar3' s31llpling, the Anomalocera, 

population appeared to decline, although only in 1966 was 

this decline followed as la te as Novemb~. The analysis of 

54 samples from the three winter crUlses (Tables 4 and 5), 

which included samples from the 'deepest parts of the Gulf of 

St. Lawrence, Ylelded no Anomaloceratand no Anomalocera,was 

found in anf of the samples taken during the sprlng at 

Grande-Rivlkre (1966) or the Magdalen Islands (1967). In 

1966 and 1967 the spring samples were extensive (see Table 7 

for a list of the samples taken and examined before the 

first appearance of Anomalocera. These samples were 

examined completely). During the spring cruise over the 

'. 
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Magdalen Shallows (May 26 to June 6) on the RS A.T. "Cameron" 

(Fig. 14, Append1x III), pleuston samples were taken at 85 

stat10ns as well as a great many other samples with 

conventional nets over the entire water column (including , 

samples very near the bottom). Larval flSh were sampled 

with a hlgh speed pleuston net one meter wlde. AlI of the 

fisherieG plankton was given a brief examination dur1ng the 

cruise and Anomalocera \'las not found; the copepodites would 

not have been m1ssed because of their large size and bright 

colour. The pleuston samples were also brlefly exarnined on 

board anù later given a thorough examination on shore and 

yielded no Ano:üalocera. It 18 not poss1ble to conclude 

definl tely that a small 3tock of this cope-pod dOGe not exi8t 

ln the Gulf dur1ng the win ter and early spring, but it is 

unlikely conc1de~ng the large amount of materlal collected 
. <î 

and eX3lllined whlch _contalned no specimens of this species. 

Further eVldence on this point comes from the Gulf of 

Maine. It is noted in Section IV that Anomalocera is not 

found in thl G area ln the W111ter. A vast amount of plankton 

materlal has been collected and reported on from the Gulf of 

Maine and it is likely that late copepodites and adults, if 

present, would have been found. The naupliar stages, however, 

have only been described in the present ,work and they could 

have been overlooked. Naupliar stages of calanoid copepoJs 

are unlikely candidates for overwintering at depth because 
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they do not have large stores of oil on which to depend 

over the months when there is little food. The naupliar 

stages of ~. opalus carry very Ilttle ail. 

The adults and late copepodites' are.les3 llkely to 
1 

pvervllnter at depth, oecause of the energy needed ~o keep 

them Ctfloat. Koralev (1970) has' determined that large 

pontelllds, lncludlngrAnomaloc~ra patersonl, sink rapldly 

(ca half meter per minute)' when not swirnrning and have a 

higher ::-:peclflc gravlty than other copepods such as Calanus. 

The behavlour:ü r;tudies (Section VI) on the use of the 

surfQce att:lchInent structure (Section X) rev,ealed the close 

depenùency of the copepodi te stages of Anomalocera on the 

~mrfCtce fllm. Al though ponteIl' d copepocL::; may carry a thin 

fat-rich la.yer beneath the chltin (Heinrlch 1<j69) , they cœe 

not 011 ~torers to the degree Been in species Duch as Calanus 

hyperboreus. lt i0 unllkely that A. opalus could survive 

oelow the surface at low temperatures. Q. hyperboreus is 

nearly of neutral denslty because of lts stored fat supply , 

(Conover 1962, 1964); ~. opalus is extremely dense and sinks 

very rapidly when anaesthetlzed. 

In, conclusion, if Anomalocera opalus were anywhere in 

the Gulf of St. bawTence in the winter and early spring 

either as nauplii or adulto, it should have been found 

either in the samples taken by the icebreakers during 1967, 
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1968 and 1969, or in the many samples from the "Cameron" 
t 

crUlse in May of 1966. Elther nauplii or adults lf present 
o 

at the surface in the early spring would have been found ln 

the pleuston samples taken on thlS cruise. The late 

copepoditès and adults are highly specialized for surface 

life and unlikely to live in deeper wa.t~r. 

Studies ln the Guùf of Maine support these conclusio~s. 

The congener A. patersonl in the Black Sea and ln European 

waters also disappears ln the winter from the nor~hern part 

of lts range and has not been found ln these reglons ln.sub-

surface collections (Section IV). ·Herdman and Scott (1908) 

made observatlons on the flrst appearance of ~ .. patersoni 

near the Isle of l'lan, WhlCh are 8trlklngly simllar to 

results of this study. A large series of plankton samples 

was taken throughout the year and continued for several 

years. On March 29 of 1904, Anomalocera made its first 

appearance in the samples in the form of nearly three hundred 

metanauplll (ln three samples), the flrst adults appearlng 

on April 9. There were many lmmature otages found between 

March 29 and' April 9, and after Aprll 9 both adults and 

young stages occurred together in the samples. 

Huntsman in 1919 called Anomalocera a summer visitor to 

the Gulf of St. Lawrence, thereby implying that it cornes 

into the Gulf each year from outside, presumably through 

Cabot Strait. This is highly improbable. Anomalocera is 
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absent from,the Uulf of Maine in,the winter (see above) and 

a breedlng stock south of Cape Cod, although possible, has 
f, 

not been demons·~rated. The surface currents along the 

Scotian Sn~lf and American Shelf waters flow maihly in a 
r 

south westerly direction/(Bwnpus and Lauzier- 1965) and -in 
-~ 

the spring even the flow of surface wate~ across Cabot 

Strait may be outward. Introduction from the outside wou~ 

be an extremely irregular process not ln keeping with the 

trœee year flndings of Anomalocera's appearance in the first 

ha;Lf 'pf JW1e. It would be stlll more difflcul t to explain 

the absepce of adul t copepods ln the population at the tlme 
, 

of first appearance or the presence of early naupliar stagès 

'II Juch should have mol ted had their Journey been from a. dis-

tant point outside the Gulf. 

f \ 

The hypoth~s~s of a resting egg lS Qetter suited to 

explain the data. Calanoid copepods in fresh waters are 
,( 

, -r 
weIl known t'a aesti vate a3W~Bncysteq. copepodi te stages, \'li th , 

ndrmal eggs which do not develop in low tempera~ure8, and 

wi th resi stento resting eggs (Hutchinson 1967). Marine ) 

/'S.alanolds have not been conclusi vely shovm to overwint~~ti' 
any of these ways, although a resting egg has been indirectly 

cited for Temora (in Conover 1964). Fish and Johnson (1937) 

suggest that Centropages typicus may overwinter in the Gulf 

of Maine with a resting egg, and Conover (19~~) proposed a 
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resting egg for Acartia clausi and A. tonsa in Long Island 

Sound. Hecently Grice (pers. comm.) has found a resting 

egg ln Labldocera aesti~a, but the detalls~f this Btudy 

h~ve not yet been glven. 

The eggs of ~. opalus ~re described in Sect~on VII; 

tho0e examined did not appear to -have 3peclal membranes 

typlcal of re~tlng eggs. Eggs of Anomalocera were never 

ldentlflec1 from the plankton and, since they are shed freely 

Into the water, It is not certain tlmt they do not produce 

3pecial egg.3 in the fall. The normal. egg (.128 - . 177 mm) 

is more dense than cold :::mrface water and el ther !Jinks or 

become'.::; gencro.lly dispersed thro..lghout the water colunm. 

As notel1 above, the flrst nauplIUS wac rarely found at the 

surface. 

lIo effort ic made here to explain the raechanism for the 

awakening of a resting egg. Such an 0gg could be encased'in 

special membranes and equipped wlth <.- blologlcal clock, or It 

could be keyed to !Jllght changes in bottom temperatures if it 

were overwint~rlng in the sedIments. Figure 18 shows the 

surface and bottom temperatures during 1966 and 1968 at 

several stations off Grande-RivIère including station 112 

used during the life cycle st~dl. The inner station at the 

30 fathom contour shows a definite temperature change around 

early June which could stimula te ,the hatching of eggs in 

<, 

/ 
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Surface and bottom.sea temperatures at 

station,. 112 , Grande-Rivière, 1966 and 1968. 

stations HP23 and HP 24 are inshore from 
, 

Station 112', at abo'ut the 30 fathom contour. 
, '. 

"(From Weinstein 1973). 
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, 
superficial sediments. Possibly the ordinary eggs produced 

too late in the season to hatc~ sink to the bottom and await 

the spring warming to continue their development (for fresh 

water exa.:nples of this phenomenon, see Hutchinson 1967). 

It is also possible that the eggs of Anomalocera continue 

to drift '~ the water column kept afloat by turbulent 

mixing. 

lt is possible that a resting egg is used by A. opalu3 . -
in the Gulf of Malne where the specles disappear$ in the 

winter. A. paterconi might also use this method of over-

winterlng in the northern parts of its range, for instance, 

ln the llorth Sea and off the Norweglan coast. 

+ 1 

l~ 

\ 



Section VII .. 

Description of the developmental stages 

of Anomalocera opalus 
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The naupliar stages of A. opalus. 

Johnson (1935) noted the scarcity of studies of copepod 

naupliar stages. Faber (1966) produged a key to identi­

fication of corumon nauplii in Naragansett Bay and other 

studies appearing periodically have further increased the 

number of species with described developmental stages. 

Bj3rnberg (1972), hm'lever, notes that only about 8f/o of the 

known 800 species of planktonic copepods have had their 

naupliar otages identified. The developmental stages of 

!. opalus were ldentlfied so that the life cycle could be 

followed in greater detail, but the nature of the population 

set limits 'on the precision that could be brought to the 

life cycle study. The descriptions given in this chapter 

may be useful to future work, especially' laboratory 

studies of development and growth rates. 

/ 

Specimens of the stages described here were collected 

in 1966 from th~ coastal waters of South Gaspé. The first 

tv/o naupliar stages were" obtained from eggs shed by 

freshly captured copepods. Later stages could not be 

obtained in this way and were identified frOID the surface 

plankton collections. Pontellid nauplii have been 

described for other speci'es (Johnson, 1935) and differ 

markedly from other genera of copepods found in the Gulf 
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of St. Lawrence and in'~he surrounding waters. Labidocera 

aestiva,whlch is found in the Gulf of St. Lawrence'in the 

summer months, has nauplii similar to those of Anomalocera, 

but so much smaller that they did not cause confusion. 

There were no apparent mor,phological contradictlons in the 

usual serles of six nauplii and six copepodite stages. 

The dravllngo of entlre nauplii show the ventral 

surface VIl th the limbs ln the posi tlon rnost easily seen in 

actual speclrnens but tVllsted slightly for clearer display 

of the setae. The flrst antennae are drawn with the 

dorsal surface outward (1aterGl). The second antennae and 

the rnandibleo are drawn with the dorsal surface anterior 

to the ventral surface. The drawings of isolated limbo 

follow, the orientation of the whole drawings. Descriptions 

of each stage often refer to ~ stage previous but never 

to the next stage unless expll~tly stated. AlI of the 
1 

drawings were done with a camera t,ucens. The organization 

of the description 18 based on that of Johnson (1935) in 

his description of Labidocera jol1ae. 

The eggs of ~. opalus are shed directly into the water. 

Those obtained from captive females averaged .188 mm in 

qiarnetBr (mean of 20 rneasurernents), were brown or pale 

green coloured, and possessed no outer membranes. 

( 
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Nauplius Stage 1 (Figure 19a) 

Length .22 mm (three measurements) • 
First antenna - The first two segments are of nearly 

~-

eqQal length, the third or distal is longer and bears two 

long terminal setae and two tiny spines near these but 
.' ( 

do~sàl to them. The second segment bears one bare seta 

aboùt as long as the segment. 

Second antenna - The first basipod bears one small 

masticatory hook. The second basipod bears a smaller hook 

and one very small spine ventrally directed near the 

joining of the endopod. The endopod bears two long setae 

and one shorter seta. The exopod has five distinguishable 

segments, the fixst or proximal i8 larger th an the last 

four combined. Johnson (1935) finds the exopods of the 

fir3t nauplius of Labidocera trispinosa and~. jollae ta 

have six ~egments, the first two being fused. This was 'not 

seen in the specimens examined of A. opalus. Each segment 
, 

bears one seta, and there is a small splne adjacent and 

dorsal to the terminal seta. 

flandi ble - The first basipod bears an irme'r lobe wi th 

one small spine; the second basipod bears two verj small 

inner spines. The endopod bears two small bare ventral 

setae and two longer terminal setae. The exopod has four 

segments with a seta on each of the first three and two 

terminal setae on the fourth. The dorsal of these two setae 



123 

is bare and much smaller than the ventral seta. 

Caudal armature - The nauplius is at this stage more 

rounded in the posterior than in the later stages which 

are more spindle shaped. There are two stO\,lt heavily­

barbed- setae of nearly equal length. 

The labrurn lS bare. 

(i 

Nauplius Stage 2 (Figures 1~b and 21a) 

Length .266 - .32 mm (mean .29 mm of 22 measurements) 

First ant81ma - Flgure 21a. Three segments. The 
1 

first segment is now somewhat shorter than the last two 

wh~ch are nearly equal in length. The first segment bears 

one small spine dorsally near the juncture with the second 

segment. The second segment bears a small dorsal spine 

near its midpolnt and a longer spine, now plumaGe, at the 

juncture of the final segment. The final segment now 
" - , 

bears four long oetae, one of which, the second from-

ventral, is smaller and bare. There are rows of fine 

hairs on the ventral and dorsal margins of this segment; 

the row on the ventral margin is short and in the centre, 

the dorsal row is longer and extends along the distal half 

of the segment. 

Second antenna - The first baslpod has one curved 

masticatory hook, more robust than in Stage 1. The second 

basipod bears one curved mastfcatory hook, larger than 
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that of the previous segment, and two spines on the ventral 

margln, one near the masticatory hook and the other near 

the juncture with the endopod. The end~pod bears a ventral 

seta midway along the ventral margin and three termlnal 

setae which become longer dorsally.~hey are spined rather 

than plumose. The exopod now has Sl~ segments. The 

proxlmate Gegment of Stage 1 hac apparently divided. The 

first segment bears no setae; the second Gégment has added 

one smaller ventral seta and the reot of the exopod is 

unchanged. 

Eandible - The splnatlon and general fOTm of the two 

basipods are as ln Stage 1, but the spines are more robust 

and are plumo~e. The endopod now bears three ventral 

setae which are plumooe and more robust than in Stage 1. 

There are now four terminal setae, the two' most ventral 

belng l'_alf the l'ength of the others. The exopod is nearly 

unchanged but for the addition of one small ventral seta 

midway along the first segment. The dorsal terminal seta 

is noV! larger and plumase. 

Labrum - The postérior margin bears a row of fine 

hairs with a gap in the centre. It does not change in 

later stages. 

Caudal 'armature - The two terminal setae have diverged 

in length, the shorter becoming plumose and the longer 
, 

, remaining spined. Both are relatively longer than in 

/) 
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Stage 1. There are two double rows of fine hairs on the 

ventral surface above the setae. 

Eye - The rf2ye is conspicuollS as a protuberance"" above 

the labrum. It remains so throughout the later naupliar 

stages. 

Nauplius Stage 3 (Figures 19c and 21b) 

Length .34 - .44 mm (mean .40 mm of 37 measurements) 

Firot Antenna - Figure 21b. The first two segments 
• 

remaln unchanged. The third, distal segment retains ,the 

same four terminal setae and has added'one ventral seta 

about two-tlllrds of the way toward the terminus and two 

dorsal marginal setae, a small one at the mid-pOInt of the 

segment and a longer one between this and the termInal 

setae. There are two small spines on the outer lateral 

margIn. 

Second Antenna - On the first basipod there are two 

curved masticatory hooks bearing spinules and, on a common 

base, one small seta. The second basipod is as Stage 2 

except that the two central-marginal spines are now 

plumose. The endopod has added a terminal seta of 

slightly smaller size than the origInal three and a fifth 

very small bare seta. The Iateral seta is joined by 

another SIDall bare seta from the same base. The exopod 

is as the previous stage but with the addition of small 
j 
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setae on the second and terminal segments. 

Mandible - The first basipod is unchanged. The second 

basipod has ~ore pronounced inner lateral protuberance 

and has added a third stout seta. The endopod has added a 

fifth terminal seta. Th~ exopod is unchanged. 

First Maxilla - appears here as a pair of stout spines 

on the ventral surface midway between .the labrum and caudal 

armature. 
, 

Caudal Armature - This conslsts of four termlnal 

setae, of unequal length (from rlght to left) , an outer 

righ~ short splned seta, a slender and longer plumose seta, 

a longer, pare and very slender seta and on the outer left 

a heê~J barbed seta, the longest of the four. Just above 

the terminQl spines are two ventral setae WhlCh are stout 

and splned, an~ nearly equal ln length. Still further 

anterlorly io a pair ofrlateral splnes, ver3 small and 

difficul~ ta' see. 

.. 
1 

Nauplius' Stage "4 (Figures 19d and 21c) 

Length .46 - .53 mm (mean .50 mm of 37 measurements) 

Flrst Anterma - Figure 21c. The first' two segments are 
" 

unchanged. On the dorsal ·margin of the third or distal 

segment, the two small spines of St~ge 3 have dikappeared -.. 
and there are now two setae. On the ventral margin of the 

! 

distal segment proximal to the lateral seta are two stro~g 

curved spines. There are still 'four terminal setae 

s~mllar ta those of Stage 3. 
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Second Antenna - The first basipod is unchanged. On 

the second oasipod a new small seta has appeared from the 

base of the proximal seta on 'the ventral margine The 

endopod is unchanged but for 'the addition of a third small 

lateral ventral seta which shares a common base with the 

other two. Two of these three setae are bare, one is 

plwnose .-. The exopod has added two small bare terminal 

setae. There is a total of ten setae on the exopod. 

Mandible - A chewing process wlth two cusps has 

appeared on the first oasipod. It extends under the labrum. 

The second oasipod has added a fourth inner lateral seta. 

The endopod and the exopod are unchanged. 

Caudal Armature This is nearly the same as. Stage 3 

except that there is a new pair of tiny lat~ral spines at 

the level of the ventral setae. The pair anterlor to 

these has doubled. 

F lrst -}:raxilla This is now a limb bud of two lobes. 

On the inner lobe are two small bare setae growing 

posterlorly. On the outer lobe there are three longer, 

bare setae •. 

r ) 

\' 
Nauplius .Stage 5 (Figures 1ge and 21d) 

Length .)4'~ .70 mm (mean ~62 mm of 35 measurements) 

First Antenna - Figure 21d. The distal segment of the 

first antenna has added two small, bare setae on the dorsal 

. , . 
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---margin and one tiny spine on the lower ~ntral margln. 

There are no further changes. 

Second Antenna - The flrst and second basipods are 

unchanged. The endopod is unchanged except for the 
> 

addition of a fourth small lateral seta. The exopod has 

added a fourth small seta on the second segment. 
~ 

Mandlble - The chevllng process of the firs:t basipod is 

longer and more robust, ~~d bears a row of delicate nairs 

on lts a:1terlor margine The lateral setae is longer. 

The second baGipod is unchanged. The inner lobe of the 

endopod now bearo five setae, the rest of the endopod and 

the exopod are the same as Stage 4. 

Flrot Maxilla - ThlG has now dev~loped a series of 

l~~er lobes bearlng tlny spines and one very small, bare-

oeta. The two larger posterlorly growing lobes are more 

develope_d than in Stage 4. 'rhere are foul" seta:: on the 

inner and fI ve long setae on the outer lobe. (AlI are 

olendsr and bare). What appears ta be the second maxilla 

lS Juot visIble as an inwardly bent hook beneath the first 

maxilla. 

Caudal Armature ..,.J'ilhe four terminal setae are 

similar to those of the previous stage. Of the two inner 

setae, the one to the left io shorter and definitely plu-

mose; the one on the right is longer, bare and more slender. 

The heavy ventral setae are longer and a new pair of short 

lateral splnes has appeared at the site of the very small, 
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,lateral splneo of Stage 4. A.bove these there ,are '~wo palred 
, 

r0\'18 of tIny lateral bplnes, one Cinterlor ta the other. 

Nauplius Stage 6 

(Figuree 20a, 21e, 20c and 20d) 

Length,.74 - .~5 @n (~ean .78 mm of 34 meaeurements) 

FITot antennf:!. - FIgure 21 e. The outer lateral ourfac~s 

of -the 1'Ir;;t anct oecond segmente have cluotero of short oplnes 

, '1 arrangel1 ln OOGe row::>. On the termindl oegment there are 

fOUT ,nIIalar Gpines on the outer lateral ::arrface. On thlO . , 
,~eb'1I].ent there clre now tv/o more Ghort dOI'0~il JIl~'glllal ;..;etae, 

makIne-a tot:tl of elght, tlrree of WhlC.:h -:tre bare;. The two 

'tYIJ'e,J of ;,etac, bQr'e an;l plwno,;e, al ternate wi th edch other, 
1 

()!~ thr. Vf::11tl'é.tl flj,.1l'glTI are; é.trided h:o iJlI!all, bure ;:etae. 

:',E;(;OYl.\.i /,nt'ermu - Figure ;:'Oll. lhffers froIll :~taee 5 only 
1 

l~l t) (: tridI tlO~, of aIle : et<l to tlJ; ,l0cond [;eQllent of the 
• (l, Il 

é:'üllOU. 'l'1üf" Drill/Sc..; 'the nwnber of 0xopod netae ta twc1ve. 

\ 1.. !Â.! .. f;!! .... !tf .. E.:li. 
" 

1,1wI'C :.\.J'c f .. :o ,;pi1!I-::, one 1 urger tlL<J. 
1" 

1 
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other. On the inner posterior lobe there are six setae 

and two spines; on the outer lobe there are seven setae 

and two spines, one very long. AlI setae are bare. 

Second Maxilla - This lS a pronounced, curved bud 

lying beneath the setae of the flrst maxilla. It bears 

flve stout setae which are directed inward., 

The Maxllliped - ThlS 18 a small bud near the mid­

Ilne of the ventral body surface not far posterior to the 

second maxllla .. l t bears two s tou t Îspines. 

There o.re tWü- rem~ining limb bUds whic4, are pre­

curoorc of the firot and second owimming legs. Each 'bears 

several lrregular stoùt .spines cllrected ·'p-o.ai;~riorly . 
...... 

Caudal Armature _. ThiB is unchanged. 

Along the body, three ridges can be clearly seen. 

WhlCh are the precUI?sor~] , the copepodi te segmentation. 

Copepodite Jtages ~f A. opaluo. 

The fo--Dowing notes on the <..:opepodite stages present 

mater' resultine from the J-ife history·study and from the 

C" lparatlve ot\ldy of the udu.lts. It. is not intended as a 

'/comPlete d~scriPtion of aIl the ';\tageG nor ao a d~f1ni tive 

Rey to their ldentification. It will provide information 

" 

1 
.\ 1 \ 



Figure 19. Naupliar stages of A. opalr.s~ 
" 

a) nauplius 1 , ventral 
" ·1.(11 

b) nauplius 2, ventral 

c) nauplius 3, ventral 

d) nauplius 4, ventral 

e) nauplius 5, ventral 
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Figure 29. lJaupliar and copepodite stages of 

A. o};!alus: 

a) nauplius 6, ventral 

'b) copepodite l, dorsal 
'_l_ 

'. c) naupllus 6, mandible 
i 

d) nauplius 6, second anterma 
, ~ 
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Figure 21. 
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Naupliar stages of A. opalus 

a) 

b) 

c) 

d) 

e) 

f) 

nauplius 

nauplius 

nauplius 

nauplius 

naupllus 

nauplius 

" .II 

~ .... -

1 
1.. ••• J 

, " 

2, first antenna 

3, first antenna( 

4, first antenna V 

5, . iïrst antennà 

6, first antenna 

6, maxilla 

r· 

) 

\ 

.. 

,< 
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• 
adequate for the identifieatlon of the stages 1, II, 'and 

III in many situations, sueh as the Gulf of St. Lawrence. 

Stages IV and V are described in detall, with speclal 

reference to the fifth swimmlng legc and sectionG of the 

right flrst antenna. ThiG makes posslble taxonomie 

separatlon from other species and sexual determination 

from stage IV on. 

( 

Copepodite Stage l'(Figure 20b) 

ProGome length .68 - .88 IT@ (mean 

.77 mm of 28 measurements) 

There l;:; one abdomlné:ü segm.e!lt from whieh two 

" symmetrieal cù..udal ram,i extend pocterio,rlY. Eaeh ramus has 

four terminul setae, one short dorsal seta and one short 

outer lateral seta. The in:r'ler three' 'terminal' setae are long 

and plumoè,e, and of nearly equal length; the outer termlnal 

seta is chort and plumose. The prosome has five segme~tp. 

The flrct antennc\' has nlne segments eaeh with oné or two 

setae of di,fferent types. There are two swimming legc. 
1 

Co-pepodi te 3tdge II O'igure 2)i)_ 

ProsomE. length .'9 - 1:09 mm (mean 

1.02 mm of 40 measurements) 

1 , 

There are two abdominal segmente, five prosome seg-
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ments and thrèe swimmlng ~egs. There are no dorsal eye 

'lenses, but masses of tlssue can be seen under the chi tin 

at the sit~p where the eyes will appear. 
J 

Copepodi te Stage' III (Figure 23h) 

Prosome length 1.29 - 1.45 mm (mean 

. 1 .34 mm of 43 measuremen tG) 

/ There &re two abclor:1lnal segments, six -prosome seg-

ments and fou.r ewirnming legs. The dorsal eye lenseG have 

appeared, one palr to each slde of the first prosome 

segment, weIl to the fro,nt. rhese structures resemble 
"j 

slmple convex disks of cIea~ chltin . \ 

. 
Copepodite Stage IV (Fig~res 23g, 

22a, b, g, h) 

Prosome length - male - 1.80 mm 

(mean of 22 measurements) 

Prosome Iength - female - 1.89 mm 
" 

(mean of ).5 rneasurements) 

Both male and female have three abdominal segments 

. and six prosome segments. There are five swimmlng legs. 

Two features were found WhlCh were attrlbuted to 
( 

sexual differentiatlon. Both occurred in ~8nes strongly 

sexually dlmorphic in the ne~t two 'stages. Figures 22a 

and b show the Gixth and seventh.s€gments of the right' 
f 

f 

r 
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flrst antenna (the sixth or most proxirnate uppermost) of 

a stage IV female and male re~pectlvely. FlgmBS 22c ar~d d 
\) 

show the S3lIle fea tures orr' female and male (Stage V). 

The slxth segment of the male antenna bears three 

setae as ·does the corresponding segment in the stage V 

male' (Flgure 22d). Slmllarly, the slxth segment of the 

stage IV female antenna (Figure 22a) bears only two setae 
{ 

3.S does." the srune segment ln the ;:;tage V ~female (Figure 22c). 

Both segments ln Figures 22b and d (male) are more 

eQ.ong3.ted tha.YJ. those in Figures 22a and c (female). 

Other ùlfference:::: were found in the endopodites of 

the fifth swimrrllng legs. In both seyes the fifth swimming 

leg of stage IV is biramous and neal'ly symmetrlcal. The' 

first b3.Slpod bears no setae, the second basipod bears 

a plumose ~eta on its posterior surface. The exopod of . 
one segment bears two strong spines and three fine hairs 

on the lateral margine The outer margin of the right 

exopoli becU':::: tlll'ee fine halrs; tha t ,of the left exopod 

bea.rs four. There is one spined, terminal seta and -one 

strong·terminal spine lateral to this seta. On the 

inner îateral margin is a row of flne hairs and below 

them two small splnes. 

" 

• r, 

", 
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It is ln the endopod that differences were found which 

corresponded with the sexual differences of the anterma. 

In the 51 specimeno eXallllned the endopoda,: of females bear 

a he~vy hooked ,proce3s on the Inner l~terâl "ma~gin 

(FIgure 22h). The endopods of all.,males /Flgure 22g) were-

found not to hrwe thlS hook and to el1S1ler bear a srnall .. 
spine or no structure at aIl. The male stage V loses the . .. 
endopocil te entirely wIllle the fema{e retains l t. 

'1 ~ 

Copepod~te Stage V (Figures 22c, d, e, f) 
f ~ 

il -Prosome "ength - male - 2.26 - 2.66 rrun 

(mean 2.46 ~ of 23 meas~rements) 
~ ... 

Prosome length l fema~e - 2.46 - 2.86 mm 

(me~n 2.G7 IT@ of 13 mea3urement~) 

~hIS stage 18 \trongly sexually dlm6rph~c. The 
, , 

feJIJËüe has th.tee ubdôminal segmente and SlX prosome seg-. ... 
. ments. Th-e flrst abctomlnal segment' 13 enlarged and' wlll 

b~ further enlarged to form the genl t~1' cegrnent of (the' " 
, • ' ... 0' • Il 

ne .. xt '-stage. The .. male -has ... fou!' 
, .' 

q , 
Qbdomln~l segments aIl of 

roug~ùy .equ . .:tl OIZ,Cô .-.. 
. , 

_Figure3 22cl ~(mél1e) o.n,:{ 2'2c (fel'flalt=) show the sixth 

anJ ;]eventh segments of the flrG-t; right ar~~enna where the 
r 

1 

i.3 prorwum:ecl. 
',» 

'l'he ;:;ixth. ~~egment\ of the 

.... ' 

. ' , , 

~ .. .. 
, . 
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female bears two lateral setae; the same segment of the 

male bears one lateral seta 'and another lateral process , 

which lS compound. The ceventh of the" fem3le eegmento has 

three lateral setae, two of the se ure set in a COIIlIDon 

ba::,~e neur the Juncture wi th the elghth segment and one of 

these setae is non-tapered and blunt. The seventh oeg-

ment of the male has one large proceDc about as long a3 

the ~egment itsel!, extendlng and overlapping in the 

eig11lil se~ent. .From i te ba:Jc another much smaller pro-

cess arlces. 

'flle fifth sW1IIlIDlng legs are also strongly dimorphic. 

Those of the female (Figure 22f) are biramous. The flrst 

and second basl)Jods are unchang8cl from stage IV, but the 
~ 

endopods <Are novl irregularly forked, and not strictly 

symrnetrlcal. The outer lateral,m~œgln pf the rlght 

endopod be;l.I'c two rovlS of f Hie heurs. T}1t:: exopodl te hQlc 

tv/o segments; the flrct bears a stout splne on the out~r 
~ 

.latér~l marglll near the Junctlon Wl th. th!;: ·,GecoYJ.d. :::;egrnent, 

and the :Jécond cegment beare two lateral ~:pi!'le~; unJ two 
1 

termulal :~plne~ of unequd.~ length. Tlle long terminC11 

:Jeta of the l'lght exopodi te bG .).l':J a ro\'l of f lne h:.ürs. 
ft " -

'fhe 1l'L"1.8r lateral ruargJ.Yl beé.U'.s. a :,ülghtly lrregular proce~:U. . . 
. , 

'l'}d:; fl.îth :JwlHllln;ng 18g:;' of the In-.l.le (F.lg,u.re '~)2d are 

u.8Y'Y.Uaetrl<.;c.l LÙ1d LilliraIJ1ou::;. 'l'he fir'c;t baslpod and c'econù 
Î 

(' ., 

. , 

'J 
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basipod are similar to the female except that the right 
1 

basipod is smaller tl~.an the left second bas,ipod. The 

exopod is of two seginents; 'those of the right side are 
,\ ~ 

sma1ler than those of the 1eft; Both first basipod 

se~ents bear a hook on the lateral outer margln near 

the jUnction with the second segment. The second right 

segment'bears two hooks on the outer,latert1 margin and 

tv/o -terminal hook~, the i:r;nermost of whi?h is liilrger. 

The second segment of the le~t exopod ie similar but 

bears an €xtra splne on the inner lateral, m~gln and 

l' bears a much larger Inner terrnlnal ho,,ok. 
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Section VIII 

The morphology of the surface attachment structure 

of Anomalocera opalus, and notes on thi q structure 

in· other pontellid copepods 

" 
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'The use of the surface attachment i8 deGcribed in 

Section IX on the behaviour of li. opalus. 'It ie there made 

clear tho.t thle structure le of gre~t importance ta thl0 
~, if· 

anlmo.l. Very sirnllar structuree have been found durlng 
/ 

tI1lG ;:-;tudy on a nu.rnber of other pontel1idc which probably 

olgnlf1ee thut these cpec1ee belong to the pleuston. The 
~ 

;:.,tructure mO,y prove to have t<lXOnOmlc value; not aIl 

pontell1 ds po Gse.Jo 1 t. no ,3irn'11or struc -i., J.re ha[3 been found 

on other cope})Qd:.::;, although l'arker (1901) obcerved 

]Jabidacera aestiva, which' does not have an attachment 

structurc:, to .:lttach 1tself to the s.urface film \'llth the 

tipc of the f1rst antennuc. The structure lG very dlfflcult 

to 3ee a t f1rot Wh1Ch may explain why J. t was misced by GO 
" 

ill<lTIy careful taxonoffi1sts who made otherwise exceedingly 
< 

complete drawings of pontellld copepods (e.g. Sar~ 190), 
'y' 1 

Giesbrecht an~~~~±, 1898). 

Scourf1eld,in 1894, discoVered very similar structures 

on a spe'cies of fresh water cladoceran, Scapholeberis, and 

on a fresh water ostracod, Notodromus. In both ,caseG, the 

structure is a flattened ~ea on the ventral surface 
/' 

cov~red with flne sBtae; both animaIs are "dark pigmented. 
: l' ~ 

Scourfield notes th.!?-'t.. the niche of these animaIs:' i8 'Isss ., , .. 
competitlve and offers a wide variety of food which bath 

species are capable of taking from the interface. In the 



same paper, two specleo of dark plgmentcd cyclopold copep~dc 

(Cyclop::::;) are deccribed WhlCh attach themeelves to the eur-

face wlth the terminal setae of the cecond antennae. 

ln the C::lse of Anomalocera, the attachment structure le 

on the dorsal f]urfClce and 1:3 seen 3.8 El me3JlO of 8avlng 

energy rcLther thal1 a mode of fOOll gatherlng, <11 though tIlle 

may also be: lmport311t (:::; ectlon IX). ~he structure i:: found 

on aIl copepodite 8tagec (Flg. 23), but not on the naupliar 

ctageo ,The ûrawings of the :c;tructure on f3tages I-V were 

maûe \Id th the ald of a camera luc en~J uC:lng opecimene ~Jtalned 

l'Ii th chlorcl:.301 black. A GC::illYUng electron microscope 

'(G.e.m.) VIaC u::::;eù to photbgraph the ::::;tructure on A. opalus 

and Pontella atlanticCl. 

Aùul t female8 of A~. opaluc and Pontella atlantica were 

prepared for eX.arrllnation Wl th the s. e .m. by r,1r. Gareth 

Harding wlth the help of David Walker at the Bedforù 

Instltute of Oceanography, Dartmouth; Nova Scotia. Copepodc 

were placed in distllled water to remove Galts and then 

fixed ln OSID1Uffi tetroxide for fl ve IDulUte3. They were agaln 

plac ed in diotilled vi3.ter in which they ~re frozen solid. 

In this state the speClm~s were freeze-d~~ed, IDounted in a 

copper block and coated Wl th gold (Small and Marszalek 1969)., .. 
Exposures were mane on polaroid fllm four inches square. 

Magnifications given wlth the figures refer to the negative 

and not ta the final print. 
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-1'he surface attachment structure i51 desc:N:,-bed below 

for the copepodites and adults of A. opalus, be~+nnïng with 

stage 1. 

Stage l - Figures 23a and j .. 

The structure l8 a cIllall, nearly circular depres sion in 
-

the c entre of the flr8t pJ;"o'same segment. A ptür of fine 

IlneG ru...'1C from the 'pooterlor of the depression and seemo ta 

reflect a soft utructure under th~~chltln. Although the 

otructure ;'ppears f1.illctlonal, l t io noted ln Section 1.:( 

that thUj le the only c'opepodl te otage not seen ta attach 

ltself ta the surface. 

"t iJ age II - Figures 23b and i 

The structure ln now more elongate and is bounded by 

tv/a cemiclrcular chitinous ridges. The ends of the pooterior 

oemicircle curve abruptly inward and on short horns. 
1 

Between these horns lies a pair of slightly curved ridges 

and from the posterior ends-of these, the faint line of .. 
unG'ierstructure can be seen. Beneath the anterior semi-

circle Iles a Y-shaped sub-chitinous pattern. 

Stage III - Figures 23c and h 

The shape of the semicircle is roughly th~ same as in 

the last stage, but the ends of bath semicircles have 
1 

., 

developed horns. There is now a 
<, 

p~onounced 

~~ 
1id-line in the 
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chitin rUllnlng ,Çorward from the ba3€ of the posterlor seml-" 

circle and branching symmetrlcally wlthin the ~terior 

semlcircle. This mid-line lS continued posterlorly and 

cmteriorly tb the entire attachment structure. At the 
1 

horns 3Jld a'round the borders' of. the posterior semicircle 

there are' Tljlnor r-l,~ges WhlCh disappear into the Chl tin. 

1 
(, 

Stage IV - Figures 25d and g 
, 

Two 8pines have appeared juct Cl.nterior and lateral to 
f 

the forward semiclrcle. The mld-line is strongly present 
f:' 

from the base, of the poct.~rior semlcircle to the horns of 

; the fo,rwar~d semicircle. ~U8t before thls semiclrcle ends, 
\ '1 [i<J 

two cur'v$d linen of sub-clh;tinous structure, brdnch ou iward. , 

The posterlor :.::;emiclrcle is augmented by uccess?ry curves 

/ which go out ln to a shallo\', c aJlCll leading over the surfac e 

chltin from the latéral horns, to the 8ldes of tthe prosome. 

Stage V - Figure 23e 

The structure is very simllar to that of the previous 

stage, but two new spines have been added lateral to the 

posterior semicircle. The lateral canals are now continuous 

with the posterior semicircle, and the lateral horns of both 

semicirc~ès have d~sappeared. The sub-chitinous pattern 

traces an elaborate curve from the mid-line to the beginnings 

of the lateral canals. The mid-1ine runs almost the who1e 
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way dOvJ1l the attachment structure. At high magniflcatlons 

very fine halre can just be ceen covering the surface . 

. In t1u s stage and in the prevlous one, the entire 

structu-re has begun ta acqulre a dic;tinctive vialin Ghape 

due ta a Illnching of the structure at the pOlnt of the 

la teral caTId.ls. TIn S lG ·Rtlll more apparent in the adul t 

structure. 

Stage VI - Figures 3, ?4, ?5 and 26 ',' 

Flgure ~4 shows the entl~e attac~~ent structure of the 

adult.female. It appears ta be ess&ntially llke that of 

stage V \'lÏ th 3. fevl changes which may reprcsent the lmproved 

definltion made posslble by the s.e.m.ls increased dépth of 

fleld. There are twa palred openlng~ or pores inside the 

stru.cture, one palr well to the anterior and the other pair 

near the latera1 edges ln about the rrnddle of the posterior 

'section. On the ffild-line of the structure near the centre of 

the anterior section is a whitish oval spot. Thls is shovm 

at higher magnifications in Figu.re 25. It appears to be 

composed of a mass of filaments OT tendrils, sorne of which 

are a1so found anterior to the spot scattered over the 

attachment structure. These may be the fine halrs described 

for the structure of stage V. 

The outer margin of the surface attachment appears 

raised or crusted (Fig. 24, 110x and Fig. 27, 3000 x). 
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At the highes,t magnlfication, this crust lS ceen to be com-

posea of a mass of tentacles or twisted hairs growlng like a 

hedge around the structure. These tentacles' seem to grow 

inward toward the centre of the attachrnent area. Their 

exact natural str1J.cture might not be weIl portrayed ln the 

s.e.m. photographs' becauee there rnay have been sorne damage 

or dlctortion cauced during the preparation. The functlon of 

these tentaclee is uncertaln. They could directly repel water 

from the edgee of the attaéhment structure, or they may 

.' actu:üly grip the surfac-e film. Possibly the lncreased 

eurface area of the tentacles' border great~y increases the 

surface ten;::;ion here. 'v'Jater on the attachment structure 

could then drain throùgh the lateral canale. The interior 

of the structure is always dry when the anlmal is attached 

to the surface and is apparently 'dater repellent. 

Anterlor to the attacrunent structure is the mid-llne 

cleavage of the prosome (Flg. 25). Seen in detail, 

t~is lS a complicated structure ra~s~~ in a double fold of 

chltin, not quite c1bsed over dorsally. It termlnates ln 

an enl?Iged opening \'Ihich may be a functional pore or the 

remna~~ of a chitinous suture. The functions of the 

several' ''p_ores \. and spines assoc:i.ated Wl th the surface attach-
"1' 

ment s~ructur~/remain obscure. The pores could be used ta 
, 
, 

release water~repellant substances o~er the attachment 

structure. 
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The following specie$ of pontellid copepods were 

. examined for the presence of surface attachment structures 

or similar features: 

Specie3 

Labidocera 
aestiva, Wheeler 

AJ;ea,taken 

Gulf of St. 
St. Lawrence 

Labidocera nerii, Barbados 
Kr6yer 

Pontellina Barbados 
plum{ita, Dana 

Pontellopsi3 Barbados 
perspicax, Dana 

\ 

\" 
1 

\ 
\ 

With 
structure 

x' 

Pontella atlantica ~arbad03, Bermuda X 

Anomalocera 
patersoni, 
Templeton 

Anomalocera 
opalus, Permell 

Anomalocera 
ornata, 
Sutcliffe 

E.N. Atlantic 

Gulf of St. 
LavIT enc e , 
Gulf o,f Maine 

Georges Bank, 
S. of Gulf of 
Maine 

X 

X 

x 

Without 
structure 

x 

x 

x 

" 
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Figure 23. The surface attacbment structure of , 

copepodi te stages of A. o}2alus. 

a) oCopepodite l, attachment structure 
/ 

b) copepodite II, attachment structure 

~, c) copepodlte IIJ, attachment structure 

(i d)'copepodite IV, attachment structure 

e) copepodl te V,'attachment structure 

f) copepodite V, first prosome segment 
ct' 

g) copepodlte IV, first prosome segment 

~ h) copepodite III, flrst prosome segiuent 

l) copepodite II, first prosome segment 

j) copepodlte l, first prasome segment " 
'1 

/ 
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;Figure 24. Surfac'e attacbment structure of !. opalus, " 

stage VI, female. S.E.M. ph9tograph, 

110x magnification. ( 
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Flgure 25.' ~etail of surface attachment structure of 

1::.. opalus, anterior, .,stage VI, female. 

S.E.M. ~hotograph, 3000 x magnification. 
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Figure 26. Surface attachment structure of 

• 

Pontella atlantica, S.E.M. photograph, 

110x magnification. 

\ 
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Figure 27. Detail of surfacé attachment structure of 

Pontella atlantica. Lateral edge. 

S.E.'M. photograph, 3000x magnification. 
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Section IX 
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The colour of Anomalocera opalus 
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1 

General body colour and its variations 

Three pigment systems wcre observed in the copepod 

A. opalus; at least one, and pocsibly aIl of them, are under 

the anlmal's control. Over the dorsal surfQce of the gut, 

on or wlthln cl peritoneal membrane, is Q double row of 
. 

amoebold-shaped melanophores of a dense brovm colour. 

These caver a large proportion of the gut and may be a 

shleld agalnst harmful radiation. Their lack of definite 

shape gives the lmpresslon that they may change their chape 

and become e i ther increased or reduced ln area. No 

observations were made ta clarify this. 

The second plgrnent system to be discuosed is the 

gene~al blue and green colour of the entire copepod. 

Heinrich (1960), Zaitsev (1961) and Davld (1965) have 

suggested that the deep blue of many oceanic pontellid 

copepods rnay be :=t form of camouflage. Herr ing (1965) found 
" . 

that the pigment of Pontella ~ was diffused throughout 

the body in water soluble form as weIl as concentrated in 

the chitln and underlying eplderrnls at speciflc sites. He .. 

. . 

found the pigment to be a type of chromoprotein, also called 

carotenoproteins, a carotenoid with a protein fragment 

attached. The transmission of this pigment from tropical 

pontellids ts very close to the back-scattered calour of 

". 
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the tropical sea; light corresponding to the ambient 

light within the surface waters passed through this pigment 

in solution 18 relatively unchanged, which reinforces the 

hypothesis that the blue colour of pontellids is a form of 

camouflage. 

Other possible reasons for the blue colour of pleuston 

pontellids (as weIl as the ~olour of other surface animaIs) 

are discussed by Herring (1968)... lIe notes that the blue 

colour may be used to disguise accumulated red pigments 

which would otherwise make an1mals conspicuous, and that 

transp~ency even at the surface would perhaps be the best 

camouflage. Another p03S1bility given by Herring is that 

caroteno1do needed by the animaIs could be~estroyed by 

11ght at the surface but are protected by the attached pro­

tein. In ei ther of these cases, the blue colour is the 

lesser of evils and although still an adaptation, one of a 

second order. 

Zaitsev (1961 and pers. comm.) has stated that 

tnomalocera patersoni in the Black Sea changes its colour 

[rom blue to green to match the background colour of the 

surfaoe waters. Herring (1968) notes that this species in 

the North Atlantic varies from deep green to blue and notes 

that the blue is found in specimens from warmer water. He 

cites David that A. patersoni is nearly always deep green ln 

< .. ,f , 
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the northern latitudes, an~ species of Pontella and 

Labidocera were found to be green in areas of cold water 

upwelllng. The effects of food,which might be expected to 

dlffer geographlcally, should not be overlooked. Green 

water usually contains large 'amountG of phytoplankton aG 

well as dissolved GubstanceG. 

\ 

Durlng the present study, b,.. opalus W:JS found to dlffer 

greatIy ln general coloUJ' from a pale somewhat transparent 

blue to a very rlch and dense emerald green. A deep blue 

was alwaYG present localized in the chitin ln large dorsal 

plgment spots (Figs. 3 QTId 28) in the ventral eye, in mOGt 

of the terminal 3etae, on the ventral surface of the female 

genltal segment, and on the male antennae. This pigment does 

not fade apprec;~bly in preserved samples, although the 

diffuGed colour, elther green or Qlue, very rapidly dis-
( 

appears in sea water-fofrnalin Solutlons. Livlng copepod.s 

released soluble blue or green liquld when darnaged. This is 

also noted by Herring for other pontellids and.is taken as a .' -

Slgn that the pigment may be in the blood (Herring 1968). 

The colour variation in A. opalus in the Gulf of St. 
f 

Lawrence seemed to correspond very weIl with water colour. 
~ 

Such observations were always subjectlve but they were never 

contradicted and appeared convlncing. Animals brought into 

the laboratory (see Section X) usually lost their blue or 

green diffused hues (but never the dê'ép blue s in the chi tin 
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descrlbed above) and appeared yellow. Observations of the 

dorsal pigment spots showed that these spots, although 

usually a deep navy blue, could on occasion be green or 

purple. Herring (1968) notes that a partial denaturing of 

blue carotenoproteins could produce a reversible purple 

colour. In .some indi viduale which had turned ye llow, the 

dorsal pigment spots had a blue centre with a 3urrounding 

yellow rlm. There was sometimes a third green area between 
Iv 

the blue and yellow (Fig. 28). It 8eem3 a posslbility that 

the diffused green colour of A. opalus was formed by mixing 

of the blue plgment wlth a yellow carotenoid and that the 
, 

dorsal pigment spots could be the centree of blue pigment 

manufacture and dlspersal or mixing. Herring (1968}'makes 

a slmilar suggestlon, although he does not mention a partl­

cular slte of control. He cltes Keeple and GambIe (1904) 

who explaln the green colouL' of HyPpolite varlans as caused 

by a mlxing of blue and yellow plgments, and Dupraw (1958) 

who flnds that three pigments glve the green colour to 

Cyclop3 eggs. Whatever the mechanism or cause of Anomalocera's 
. 

colour variation, it does appear to vary with the colour of 

the water and would therefore have sorne beneficial camouflage 

value. As noted in Section IX, A. opalus observed at sea 

blended weIl with its surroundings. 



{ 

Figure 28. Schematic drawings of A. opalus 

(adult, female) 

a) dorsal pigment spot 

1) ye llow band . 

2) green band. 
~ 

3). blue spot wi th underlying tubules 

b) animal attached to surface film 

c) lateral view through chi tin of dorsal 

pigment spots and underlying opaline 

collecting tubules 

d) laterla, sub-chitinous opaline tubules 

. , 

, '" 
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The. opaline pigment system 

A third pigment cystem is the ceries of opaline 

organs located benear each of th.e' four dorcal I)lgme~t ' 

cpots and reeponsible for a \'rhl te opaleCcE;nt shee'n sèen 

juet uncler the ,Çiorsa.l and lateral chi tin of the pJ;Gf?IDe 
, 

.(Figs. ) and 28~ in aIl copepodite otages of ~lving~. 

opalus. Thlc'llCtS not been deeçribedc in any detail for 
( 

Anomalocera op. and in thii> study it wac examined in living 

"'"A. t t opaluG only, .sbu l t hi lrkely that i does occur in 

A. })ater[]oni and probably~ othe:[ pontellids. Sare (1903) 

mt;:ntlQnc théÜ !le patersoni chowed Gilvery streaks I:dui-
~ .~ 

atlng outward"1rom the dorsal pigment Gpot and Herring 
, 

(1968) mentlons a grey or white metallic sheen over the 

backe of several dther pon telllds. A de scriptlon of; thi s 

system in A. opalusais given.her~ with sorne speculations on 

its use. 

Examination of the whl te patches on the backs of 

A. opalus revealed that they were composed of many small 

anast;'omosing canals which radiate outward and downward just 
1 ~ 

J bene;:lth the chltin from sL1all sack-like organs attached to 

the undersurface of the ,dorsal pigment spots (Fig. 28). The 

organs are groups of larger tubules râdiàting from the 
" . 

centre of the organ and communicating with the finer canals. 
, 't' \ 

:The outer,canals.of animaIs displaying o:pal~scence were 

l' 

CI 

, 
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fo illld ta contain ID"any slender rads, perhaps crystals 

(approx •• 005 mm in length); the canals of animaIs not 

shovnng the opaline pa tehes 'were empty, but the larger , ( 

l , 

tubules. of the central organs were fille,d wl,th the s ame 

rods. Appllcation Qf pressure ta the central tubules sent 

rads streamlng out lnto the small canale and gave the 
t, 

specimens the characteri~tic opalescent appearance. 

It le not known whether the small,rods are actually 
. 

whi te or whether th'ey produce the pearl] opalescénce through 

Elterfe;rence effects. Attempts \Vere made to preserve them 

for laboratory otudy but they rapidly dissolved in aIl 

solutions tried, for example, formalln and sea water with' 
4 

,and wi thout addi t:Lonal 1JUfferil1g agents, mercuric chloride 
. 
and fresh water, mercur'ic chlorlde wi th sea.'water, varying 

strehgths of alëoliolc, potassiwn dichromate and formalin; L 
and Bouin's solution. They appeared ta dissolve most 

rppidly in 301utions of low ph. 

A samewhat similar system of radiating tubules is , . 
de~cribed by Herring (1968) for the siphonophores Vellela 

sp. and Portîta·sp. Anastomosing canals found in the outer 

layer of the floats have blue granules withln the canal 

walls. v[hen the blue granules are most frequent the float 
, 

appears a rich bIue; when the blue granules are reduced in 

. number the lumen of the canals is apparent Çl.Ild the float 
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appears whitlSh. Herring does not mention that there lS 

anything within the lumen of the canals. 

Most samples of freohly caught Anomalocera opalus,. 

contained sorne lndlvldualo showing varylng degrees of opal 

pigment. Subsequent work wi th anlmals in large outcloor: 

holding tanko revealed that almoct any dlcturbance resulted 

in a contraction of the opal rodo from the outer canals 

(nnd thu0 a disappearunce of vlsible opal colour). The 

time taken to contract the IHgment varieù be1Jween flve and 

Îlfteen minutco, renderlng the usual 15 minute plankton 

samples useless for determining correlations bet\~~~ 

number~ of animaIs showing opal colour and envl.ronmental ) 

variable::.;. 

Several schemes were trled to get captive animaIs to 
, 

expand their plgment but, al though al'llrnalo readily wi thd.rew 

thelr white pigment, it was never possi-ble to get thern to do 

the reverse under controlled conditions. Anlrnals were placed 

in small containers and subjected to varying degrees of ~lght 

and to different colour backgrounds, but to no effect. The 

large outdoor tanks (see Section X) were darkened for various 

periods but this did not seem to affect the number of 
't> -

animaIs with extended opal or the degree of opal extension 

in individuals. During both day and night, there were always 

sorne animaIs in the~nk with extended opal pigment, ~lthough 

,. 

t 

) 
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there was an impression that this was'reduced at night. 

The observations were too few and too imprecise to permit ,an 

accurate stateme~t. 

D~ the oboervations at sea, nearly dll of the 

animals seen had fully extended opal pigment, although the 

few that did no t were very dlfflcul t to see inl tially and 

there rnay have been a bias. These oboervations were made 

~ during brlght and calm weather. Herring suggests th3.t the 

~ silvery patches on the backs of sorne pontellido are a form 

of protection agalnst ultraviolet radiation. If this lS 

true, i t is hard to understand why the fully extended opal 

pigment doec not cover the entire dorsal surface of the 

copepods. Huch of the anterior nervous cytem and parts of 

the gonado are left unprotected~ The area of the surface 

attachmen t structure recei ves the sun' s rays directly wi th-

out being shielded by -:later and i t is \Ulpigmented. 

Despite the apparent conspicuousness of A. opalus with 

. extended opal pigment, there is still a possibility of 

camouflage effect. Zai t'sev (1961) (see David 1965b) des-

cribes a small fish, Mugil auratus, which during rough 

weather expands white chromatophores to~chieve a speckled 

appearance which Zai4sev feels resembles the froth and 

bubbles of breaking waves. When the sea is calm, the fish 

contracts the white colour and becomes blue-green. This 
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, could be the case for A. opalus. Although the observations 

at sea too'k place during very calm wèather, the area was 
1 c \ 

very rich in small bits of floating white detritus and 
.;, 

Anomalocera, when not movin~, was very difficult to distinguish 

from these. 

" 

. , . 
~ .. 
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S~ction X ,. 

The behaviour and vertical distribution 

of Anomalocera opalus 
{. \\ 

\ 
o 
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Vertical dlstrlbution 

Most plankton workers have consldered Anomalocera 
• 

patersoni s.l. to be a surface copepod (Bigelow 1926, 

Russell 1925a, 1925b, 1927, Bainbridge 1961), but there has 

been no detailed otudy of thlG genus using closlng nets 

(and It should be noted that only a'few of the closlng net 

deslgn.] now used avoid contamlnation of surface llfe when 

chot (Harding 1972). Russell'G extensive studies of 

plankton vertlcal distrlbutlons typlfy the problems arlsing 

when the ::mbtracti ve metl10d 18 used Wl th a rare anImal. 

Because Anomalocera lES essentlally a two-dimensional 

population (see Section l'and below in this section), it 

WIll usually appear rare in comparison to other species 

which are more spread out over greater depths in the water 

column. Russell's work made lt probable that Anomalocera 

lS a surface animal, but hlS non-closing ring nets were 
}'------

unsulted to make finer dlstlnctions. l have found no 
'~ 

reference to a subsurface capture of Anomalocera with a 
.. 

closing net, although accidentaI capture by a deeply towed 
;' 

non-closing net has occurred while the net was at th 

surface (Bigelow 1915). 

!, 
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There are now several studies of the vertical distri-
/ 

bution of A. pa terooni and one gl ven l)~ :rôr A. opalus'. 

These studies show that usually over(9C1/a of the population 

wi thin the upper meter will be fmIn in, the upper fi ve to 

ten cm (Zaitsev 1961,' 1970, Ch~npal èrt 1968, Tviete and 

Danielssen 1969). The speciallzatio o~he attachment 

structure descrl bed above ::lJî.d sorne of the behaviourQl 

observations given below combine with 3tudies of micro-

distributlon to indicQte thQt A. opalus and~. patersoni 

are surface forms and proba'bly spend their entire lives 

wi thin the upper few milllmeters of the sea. 

In 1966, durlng the flrst field season ln the Gulf of 

St. Lawrence, several trlals were ma,le with a floatlng 

'" three stage net of the type deGcrlbed by David (1965a). A 

further descrlption of thHl apparatus is found above in the 

materials and methods of Section VI. The net was tao large 

to be used from the small boats available at Grande-Rivière 
; 

stations in 1966, and a temporary system was constructed by 

suspending a Clarke-Bumpus plankton sampler below the 

smaller pleuston net used for the weekly collections 

(Pennell 1967). ~he depth of the sampler was about 45 cm 

below the surface and its mouth area about the same as that 

of the semi-submerged rectangular net above. In 1967, a 

smaller three stage net was constructed to flt the small ~ 

towing frame used by this time for all pleuston collections. 

, 
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, 
It used the same 6 x 8 inches rectangular nets as u3ed on 

aIl of the weekly collections for the entlre ctudy, and it 

prov~d superior to the other two deslgnG. About 50 samplec 

were taken with the Clarke-Bumpus system and about 80 with 

the small three stage net. 

The resul ts fr'om all three systems \'Jere the Game. 

Except for the eggG and first naupliuG (which was rarely 

found at aIl), aIl stageG of~. opaluG were found heavlly 

concen trated Hl the top net. S3JIlplec taken off the Gaspé 

in 1966 showed the came mlcro-dlstributlon ac those taken 

off the J\1agdalen Islands in 1967. There were many nigh t 

sQffiples taken durlng the course of the study, especially 

y durlng the swnmer cruü;es. 
~ 

Ho diu,rnal variation waG found 

and the concentration in the tor net persisted. Sarnples 

with the three Gtage net were taken at aIl stations during 

the "Hudson" cruise over the Gulf in 1967, all of them 

showing the same pattern. Table 14 gives the recuIts of 11 

representative plankton samples taken with the three stage 

nets. They were chosen because they contained large numbers 

of Anomalocera as weIl as a sampling of the developmental 

stages. Moderate to heavy sea~ and steady rainfall did not 

affect the vertical distribution within limits of accuracy 

of the nets. Only one first nauplius was found in the 

plankton dur1llg the study and no eggs. The female sheds 

the eggs directly into the water and observatious i~ the 

laboratory indicate that the eggs are not buoyant; they must 
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Ta bl e 14 
1 • Micro-Distribution - 3 Stagc Net 

Copepoch tes N.l\lp1~~ Copepocll t.es 
No. Date E.S.T. adults (l-6) t-v 1\dults 1\11qllot ---

T. - 790 0 6 784 
1. 15.8.67 0030 M. - 311 0 0 38 \ 

B. 16 0 0 16 

T. - 224 0 52 172 
2. 11.8.67 2124 M. - 6 2 2 4 

B. - 2 2 :'~ 2 

T. - 830 0 250 580 
3. 12.8.67 2153 ~I. - 30 0 ]0 10 1/10 

B. - 10 0 0 10 

T. - 2120 0 380 1740 
4. 12.8.67 M. - 40 0 0 40 1/10 

B. - 20 0 0 20 -----
T. - 776 0 692 84 

5. 16.8.67 2227 H. - 30 0 30 0 1/10 
B. - 10 0 10 0 

f> T. 270 4 170 100 Toléll 
fi. 10.8.67 2:>75 1-1- - Ü 0 0 0 Sill'!"l e 

IL - /0 0 10 10 ---------
T. - 13B 56 128 10 Toled 

7. 26.7.67 ll45 H. - 26 4 2r. Cl S,lInp 1 p 

n. - /(; 10 ')(, 0 ----- ------------- - --- ~--------------

~ 
T. - 911 207 55 43 T0t .\ 1 

8. 6.9.66 1.200 B. - 7 24 2 5 S.H.pl c 
M. - 3 5 3 0 

" 
\ T. - 6472 0 Not Not avall-

9. 20.8.66 1300 H. - 940 0 1\vailablc 1\blc. Total 
B. - 440 0 More than 80% 

adults. ---------------- ----- - -----
T. - 381') 0 " 

10. 20.0.66 1100 M. - 413 0 .. 
B .. - 448 0 .. 
T. - 977 0 

11. 20.7.66 1500 M. - 162 0 ft ft J. 
B. - 66 0 
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either sink or become dispersed through the water colurnn. 

The first nauplius does not feed and probably is a stage of 

short dura tian; l t may swim immediately toward8 the mrrface. 

The second naupllus whenever found was concentrated at the 

surface. 

Behaviour 

Observations on the behaviour of A. opal~~.were m~de 

on a nurnber of occasions bath at sea and ashore"ln . the 

laboratory or in large outdoor tanks. A.opalus is present 

ln the Gulf of St. Lawrence in large numbers for only a few 

weeks of the year and its patchiness makes it impossible ta 

plan definltely when ta make SUl table collections. 

Limttatlon of bOat time was a problem during aIl of the 

study but was especially aggravating ta the study of 

behaviour. In 1966, sorne observations were made using SIDall 

nurnbers of live animaIs kept in small containers. In 1967, 

more live animaIs were available which could be kept for 

several ddyS at a time in large wooden tanks set up out-

doors. Most of the observations at the tanks were made on 

groups of about 50 adults and a few younger stages. 

During one day of very calm and sunny weather (September 

1967), observations at sea of adult copepods were madeofor 

several hours. The account given below derives from aIl of 
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these observatlons and lS concerned with adults unless 

otherwise stated. 

The surface attachment structure described above in 

Sectlon VIII was found on aIl of the copepodites and seen 

in use by aIl but stage I. Th3 observations, although , 

Ilmlted, sugge~t"that thlG structure is part of an important 

adaptatlon to surface Ilfe for ~. opalus. By extenslon, it 

lS probably of equal lmportance for ~. paterconi and several 

other pontellids which also posse83 very simllar structures 

as noteu ln Sectlon VIII. 

To attach ltself to the surface film, ~. opalus 

appears to bump upward against the fllm wlth its dorsal 

surfaces. There are five pOlnts of attachment, the first 

antennae, the flrst prosome segment (at the attachment 

structure) and the ends of the setae of bath caudal furcae 

(Flg. 28). AlI of these points cause a slight dlmpling of 

the surface fllm. At tlmes lndivlduals were seen ta swim 

with Just the tlpS of the first antennae in contact with the 

surface film as descrlbed for Labidocera aestiva by Parker 

(1901). A. opalus is quite flexlble through the cephalosome 

and on each of the dorsal lateral surfaces of the fourth 

prosome-segment there is a slngle long but very fine haire 

These mlght be used for making very fine adjustments to the 

surface film. When the attachment spot touches the surface 

film, it becomes dry, either because it is hydrofuge as is 
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the chitin of hyperlid amphipods and cladocerans or because 

the borders of the structure are composed of hairs or 

related structures which in ~~~~' The 

setae of the first antennaè and caudal furcae seem to 

attach to the surface by means of fine halrs. ~ 

The attachment of young stages was seen.only occasion-

ally and usually in small containers. The ad~lts, which 

were better observed, appeared to 'depend on surface sus-

pension and probably cpend much of their time so attached. " 

In the outdoor tanks, most of-the animaIs were always to be 

found in the attached position, sorne resting motionless and 

others swimmlng both slowly and very energetlcally. 11. full 

range of activities, including feeding attempts, copulation 

and escape, was seen wlth animaIs suspended from the fllm. 

The same observations were made at sea, but there the only 

animaIs seen were attached and no estimate of the 

proportions of those not attached could be made. 

The most obvious value of the surface attachment 

behaviour is the saving of energy in place keeping. 

A. opalus is a large and dense copepod and will sink rapidly 

if not swimming or attached. It has no means of appreciably 

slowing descent such as wide or plumose antennae (see 

discussion ln Kovalev 1970). At night in the large outdoor 

holding tanks, adults could often be seen lying motionless 

suspended from the interface, thereby exerting no effort for 
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what rnay be long periods of time. Most of the swimming 

seen (elther with anirnals attached or not attached to the 

surface) was done with rhythmic strokes of the second 
" 

antennae which propel the animal forward in a seq~ence of 

tiny Je~ks (see Gauld 1966, LukJanova 1940). Very often 

female adulto, sWlmming without the terminal' setae attached 

to the surface film, showed a pronoun~ed vertical movement 

of the uros,orne arlslng from lts junction with the prosome'. 
-

This may propel the anlmal forward or may simply resul t from 

thrusts of the second antennae. Kovalev (1_970) con~nders 

the farmer to be the case and calls the ponteiild~rosome a 

"motor" • Rapid escp.pe lS effected wi th the four païred 

sWlmming legs. Swimmlng in this manner can be extremely 

rapld and can tak~ the animal over quite long distances (up . 

to half a ~eter) in a fraction of a second: In both the 

tanks and at sea, attached copepods were seen to investigate 

bits of floating matter, ~ornetimes taking a bit in the 
, 

feeding limbs. On encountering another !. opalus, both 

animals frequently executed a rapid whirl about each other 

and then sprang apart still suspended, or at other times 

began to mate. A sudden shadow often caused a protean type 

of behaviour lasting several seconds in which the animaIs, 
,'-

remaining in contact with the surface, made irregular high 

speed circlea covering several feet in a very short time. 

At other times, shadoW8 caused diving to several inches depth. 

The leaps o~~ of the water for distances up to six inches 
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described for A. patersoni by Zaitsev (pers. comm.) and by 

David (1965) 'fbr other pontellids were not seen. VerYq 

small jurn'ps clear of the water could be induQ,e_d by pursuing 

the co~epods with an eye dropper, and under these con­

ditlon.s the jurnps were very effectlve. Often'copepods WhlCh 

had been left for the night in small containers were found 

sorne distance outslde the containers in the morning. 

'The observatlons, at sea we,re made durlllg early after-

noon sunllght as were many of those at the tanks, and it 

would seem that insolation does not lnh.;iblt attachment to 
. 

the surface. In the ~anks, animaIs deflnitely ~oided 

swirnrning over areas illumlnated from below by reflections 
, 

from sunlight on the tiJ..Ylk flo'or. They nei ther avoided nor " 

sought those sunlit areas which were ,shaded on the bottom. 

In"\ small glass ç>r white porcelain containers in which there 

was a high degree of reÎlection from below, copepods were 
<1 

often confused an~ reversed their positions at the surfacB, 

swimming up~~e) dovm wi th just the first àntennae. touching 
, 

the surface .. film or lying dorsal surface dovf.b, .. ,~:m the bottom 

of the container. 

~ 

It was not possible to adcquately study the response 

of A. opalus to wind or surface d~turbance, to the wind 

rows or to heavy concentrations of ~ng matter. In 

smaJ.I tanks, considerable waves would not dislodge an '-
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attached animal, and in the larger outdo~r :~k1 a steady 

breezB with resulting ri~ples did not seem to~nhibit 
'. 

surface attachment. Such a breeze dld generate a surface 

current against which the copepods~usually swam. When they 

did not G~lffi against the current, they were quickly blown 

along Wl th a thin surface layer. This may explain the ver.y . 

noticeable lack of specimens found under a weather shore as 

'_desçribed in ..,.the section on the life cycle. During the 

observations at sea, aIl copepods seen were in the vicinlty 

of floating detritus which occurred in patches, possibly 

the remains of wind row convergences. 

Copulatlon was observed on a number of occastons, 

usually with anlmals attached ta the surface. It appearc 

very similar to that of the calanoid copepod Eudlaptomus 

gracllis described by Wolf (1905') (in Hutch.rnson 1967). 

The male AI'_omalocera opalus pursues and graDpo the female 

from 'behind with hls geniculate rlght antenna at about the 

point of her caudal .setae or furcae. He is, then pulled 

behind her in traln (dorsal surface of both copepods up­

ward). Thi~~se may last from one to two minutes. Next 

the male twists and swings around so that he is still dorsal 

surface up but heading in the 'iPnO~31 te directi_on from the 

female. He now clasps her about tne genital s€gment with 
. , 

the right fifth pleopod which is modified into a si·:!kle-

shaped hook. This. differs somewhat from ·the behaviour of 
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Eudiaptomus gracllls which during this second phase does 

not orient wlth both sexes ln the sarne vertlcal plane, the 

male being twisted slightly along his long aX1S relative to 

that of the female. For both sexes of Anomalocera to remain 

ln contact with the surface fllm as they usually are durlng 

thlS phase of copulatlon, it 18 necessary for them to have 

the ~ame alignment. The Eudlaptomus male uses his abdomen 

ag:unst the dorsal surface of jhe female "s urosome to get 

leverage. This may also be the case with Anomaloc8~a, since 

the males have a very flexlble abdomen. ThlS was not seen 

however. 

The second phase may last "from 5 to 8 mlnutea. The 

female contlnues to aWlm uSlng the second a~ennae and the 

male, o!ten aWlmmlng agalnst the stronger femàle, is pulled 

backwards behlnd her. Occaslonally when the female stops 

sWlffiffilng, the male makes some temporary headway. It is 
, 

presumably during this second phase that the male lS 

extracting the spermatophore and placing it over the genltal 

pore of the female. The left fifth pleopod of the male is 
~ l 

equippeQd wi th an articulated claw which grasps and positions 

the sperm~tophore (details of the positionlng were not 

observed). That this claw or pincer lS used to posltion the 

spermatophore' is' inferred from frequently finding spermato­

phores grasped in the claw of preserveQ ma~e copepods. On 
t 

one occasion two males were seen to approach each other, 
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both attached to the surface, and immediately begin copu­

lation which proceeded ta the second phase. After 2 or 3 

minutes they broke apart. Anomalocera is extremely 

vulnerable during its lengthy copulation. It is both easy 
p' 

to capture and to see. ThlS is probably an indication that 

the process has a bearing on inter-speclfic variation of 

the genltal segments (Section II) (see Lee 1973). After 
1 • 

1 copulation, females frequently were seen-to rest qUletly 

for several 'mlnutes suspended from the surface tensioll. 

Actual feeding of A. opalus was never observed: 

Dissection of the gut of adulto revealed occaslonal remains 
, 

of small crustaceans but no whole, recognizable specimens. 

Thls may indicate a rapid dlgestlon. Not enough dissections 

were made to permit generalizatlons. Lebour (1925) describes 

A. patersoni from Britlsh waters attacking and eatlng small 

fish larvae ln laboratory aquaria, and Lillelund, Kurt and 

Lasker (1971), in a laboratory study, report that the 

pontellids Labidocera jollae, L. trisplnosa and Pontellopsis 

occidentalis killed and ate large numbers'of anchovy larvae. 

Zaitsev (1970 dnd pers. comm.) considers A. patersoni in the 

Black Sea to be chiefly a carnivorous copepod but notes that 

the gut may contain plant matter as weIl as occasional 

remains of insects which have been blown out to see from the 

land (see Section 1). Lèbour (1922) noted that guts of 

A. patersoni contained crustacean remains (including 
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harpacticoid copepods) and at times diatoms such as 

Rhizosolenia. Gauld (1964) considers A. patersoni carni-

vorous. 

- During the observations of A. opalus at sea (Section 

IX), it was noted that copepods often examined bits of 

detritus at the surface interface. The bits were held and 

manipulated wlth the feeding appendages and then rejected. 

It is possible that floating detritus constitutes a major 

food source for this copepod. 

. , 

, . 

, , 
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In imost pleuston samples taken in the course of this 
1 

study, there were rnany individuals of plankton species 
~ 

generally known from surface plankton. Sorne of these were 

at times conspicuously concentrated at the very surface 

showlng a mlcro-dlstribution much like that of A. opalus. 

Plankton counts from t~e three stage nets revealed many 

variations of micro-dlstribution with different degrees of 

accQ~ulation at the .surface (the top net) or avoidance of 

the surface, but detailed studies of other organisms were 

not made. Organisrns wlth very strong surface concentrations 

are described below. In Section l the absence of con-

SplCUOUS pleuston animaIs in the higher latltudes is dis-

cussed. It can be seen here that there may be a very 

signlficant amount of pleuston ln the Gulf of St. Lawrence, 

at least in the summer months, but that most of it may be 

quite temporary. Larval forms may predominate. 

Phytoplankton was common in samples during the spring 

and fall increases. One species which appeared to have a 

surface distribution is Halosphaera sp (BruneI 1962), found 

in large numbers in 1966 in the months of April and May. 

It was taken'in the top net but was absent from samples in 

the suspended Clarke-Bumpus net then used. 'In jars, freshly 

caught, unpreserved Halosphaera floated upwards to the top. 

They were found in smaller numbers in the 1967 series in the 
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top net but rarely in the Iower "'tWQ nets. 

In both 1966 and 1967, very large numbers of spring cod 

eggs were found highly concentrated in the top net and 

nearly absent in the lower nets. At .;ea on calm days they 

were seen forming vast clouds at the interface. Plaice eggs 

were also present at the interface but in les8er numbers. 

In May and June 1967, a bloom of an unidentified 

planktonlc rotifer appeared and per8lsted for several 

weeks. In all samples the animals were concentrated by the 
'--' 

thousands (up to 99%) in the upper net. Thls dlstribution 

perslsted in rnoderate waves and during bright sun. 

A larval holothu~ian, posslbly a Cucumaria s~., of 

bright orange colour was frequently captured in the top net 

but in numbers too srnall for micro-di8tribution estimates. 

Live animals showed a pronounced positive buoyancy and 

appeared to make contact with the surface film with their 

podia. 

The larvae of the four-beard,~d rock1ing, Enchelyopus 

cimbrius, has been reported to have the same micro-distribution 

as Anomalocera (Pennell 1967). This work was not followed up 

in detail, but many more rockling were caught in 1967 in the 

upper net. Sorne observations were made at sea in calm 

conditions as well as in the large tanks. The rockling 

-' 

( 
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larvae were seen to swim at the interface in small sChools, 
, 

often just rippling the film with the dorsal fin. None 

were seen deeper. When allve, they are speckled metallic 

green colour on top; the sides and under-surface are white 

or pale. 

Larval Urophycis sp. (Hake) were also found in pleuston 

samples but were not studied ln detail. They occurred in 

large numbers in high speed pleuston samples taken by the 

Fisheries Research Board in' late summer over the Magdalen 

Shallows, but were not well represented in the pleuston 

samplec taken wlth the 6 x 12 inch net used infuis stùdy. 

As noted in Section VIllon the life cycle of ~. opalus, 

wind rows composed 'of seaweeds and coastal grasses were a 

general feature of the surface waters in the Gulf of St. 

Lawrence. There were a number of animaIs associated wlth , 

these seaweeds and grasses throughout the summer months. 

Several speCles of harpactlcold copepods and isopods 

(Idotea cp.), apparently 

in the pleuston samples 
~ 

seaweeds (usually Fucus 

reproducing themselves, were found 

and were ~bsjrved ta èling to 
, --...1 

sp.). It is doubtful that these 

cauld have maintained themselves without the refuge 

provided by the weeds. 

Larvae of the lumpfish, Cyclopterus lumpus, were 

common in pleuston samples, although usually in SIDall 
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numbers. They appeared to be correlated with seaweed 

abundance and, although they possessed well developed 

suckers, observations in aquarla indicated that they often 

swam near the surface \<li thout attachment to floatlng 

objects (see Cox and Anderson 1922). 

Two species of sticklebacks, the two-spined 

Gasterœ-œus wheatlandi, and the three-spined G. aculeatus, 
~ 

were frequently encountered in the southern Gulf and in 

Northumberland Strait. In. the small pleuston net used ln 

this study, they occurred regularly but in very small 

numbers, presumably because the y could escape the smaller 

net. In the large, high speed pleuston samples made by the 

Fisherles Research Board from the "A.T. Cameron", they were 

much more numerous and were perhaps the most important small 

fish at the very surface in the Magdalen Shallows. They 

appeared to be associated wlth floatlng grasses but were 

found wlth seaweed as weIl. 

Sticklebacks, isopods and harpacticoid copepods were 
). 

also found in the large lagoons on the Magdalen Islands 

(Anomalocera and many other common Gulf copepods were not 

found in the lagoons). It is not known to what extent this 

seaweed - eel grass fauna is distinct from other members of 

the pleuston in the Gulf of St. Lawrence; it is a little 

reminiscent of the Sargasso community, although it is' not 
"' 

certain thât there are any specifie adaptations to floating 
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life in this group of animaIs. It may just be an extension 

of shore fauna into the pelagie zone during the months when 

the Gulf surface water is both warmest and most brackish. 

o 

. , 
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Summary of Results 

1. Pleuston samples were collected for three seasons in 

the Gulf of St. Lawrence: March to November 1966, off 

,Grande-Rlvlère, on the south Gaspé Peninsula; May to 

September 1967, at the Magdalen Islands; June to October 

1968, off Grande-Rlvlère. Vertical plankton hauls and 

environmental observatlons were also made. Three summer 

cruises were ffiélde to different parts of the Gulf and 

pleuston samples taken. Plankton samples from other cruises 

were made avallable to the study. Three winter cruises were 

made to collect plankton from aIl ùepths in the Gulf. This 
, . 

, 
ma terial was used primarlly ta determine the life cycle' of 

Anomalocera opalus in the Gulf of St. Lawrence. 

2. A new species, Anomalocera opalus, lS described from the 

Gulf of St. La\~ence. Material from both the east and west 

IJorth Atlant~ow~ that A. opalus is found in the Gulf of 

Maine, scorCan ~helf and the shelf waters south of Cape Cod. 

The range probably extends as far south as Cape Hatter~. 

!. patersoni i8 found in European 8helf waters north alo~g the 

Norwegian coast and occasionally south of Iceland. It is also 

found in the Black Sea, the Mediterranean Sea and off the 

coast of west Afric~ ta latitude 20. A rèview of the 

literature suggests that both species are very rare in the open 

'7 

\ 



182 

ocean and that A. patersoni is not Iikely to breed near 

Iceland. Anomalocera spp does not breed in west Greenlruld. 

The two species are unIlkely ta have signifioant contact and 

the fuorphologlcal differences described are not extremes of 

clinal varlation. 

3. The deveIopmental stages of A. opalus are described. 

4. It is Guggested that srcciatlon of !. opaluG and 

!. patersonl has froceeded allopatrlèally as a result of 

separatlon of pr~~lously united stocks. The separation is 

suggested to have been caused by cllmatic fluctuations in 

the Pleistocene. 

5. The terminology of special surface life is discusGed as 

weIl as the nature of the interface environment and the kinds' 

of anlmals and plants which may be found there. An abbrevi­

ated terminology for interfacial'life is suggested and, 

througho~t the work, the term pleuston is used to refer to 

aIl such life. 

/" 
6. Studies of the micro-vertical distribution of A. opalus 

showed that this species ic found ln t~e upper two inches of 

the sea. and probably is usuaIIy found in the top mm. A 

review of the literature suggests that neither A. patersoni 
r: 

, 
nor !. opalus has been found far below the surface. 
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A. opalus is<a pleuston copepod. 

7. A new structure, used for attachment to the surface 

interface, is descrl bed for aIl co_pepodl te stages; i t is 

located on the dorsal surface of the first prosomal segment. 

Scanning electron microscope photographs of-this~structurè 

are presenteû. The structure was found in,thls study on 

several other pontellid copepods. Simllar structures are 

not known for other copepod families. 

8. Observations on the behaviour of A. opalus were made 

both ln thelaboratory and at sea. The use of the surface 

attachment structure WaG observed. This appears to be a , 
very important aspect 'of the biology of Â. opalus; surface 

attachment seems to be the normal condltion of life for this 

copepod. Other behavlour of A. opalus in relation to the 

interface is described. The copulation is described in sorne 

detall. 

, 
9. Three pigment systems in the copepodite stages of 

A. opalus are described. Brown melanophores form a" layer, 

possibly protective, over the gut wall. A new pigment system 

called the-opal gland is described, and observations made 'on 

rte use. Its functio~ is obscure, but, it may be related to 

camouflage. The third system is t~e blue-green colour of the 

... 
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copepod which aPRears to match the water, c~lour in which 

the anlmals are caught. Dorsal pigment spotsmay supply both 

the yellow and blue dlffuse pigments which are mlxed in the 

anlmal'c body to produce the correct adaptive shades. 

10. The life cycle of h:.. opalu5 waG determinerl in the Gulf 

of St. La\\Tence and was the main focus of the study. 

A. opaluG iG found from June to Hovember ln the Gulf and 

exhl bl t[; continuous breedlng over the summer. Its population 

is extremely patchy and fine details of t6e cycle could not 

be determ.lne Li. ' The popul3. tl on ro se from small numbers in aIl . 
three 'year:..; ta a p~ak p0I-ulation size of. approximutely ten 

!! 
copepoùs per square meter in mid- to late August. It 

~ 

decllned through the fall ta extinctlon. It \Vas not found ln 

any of the \'linter samp"J-eG nor in the many early spring 

plankton camples. Its flrst appearance was ln early ta mid-

June in each of the three years, ln the forro of nauplii and 

early copepodites. 

• 

,11. To account for the apparently regular June appearance of 
"', ... -'" 

young forms, 'a resting egg stage is postulated for the over-
• 0 

winterlng of ~. opalus in the Gulf of St. L~wrence. It is 
~ , 

suggested that asimilar method 

in the Gulf of.Maine, and by ~. 

" 
,..; 

of over-W±ntering may be used 
) , 

pateFé6ni in the northern 

'part of i ts N Qrth A tlamtlc range. 
ù , 
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12. Several other species of plankton animaIs were found 

in the pleuston samples with micro-dlstributions which 

suggest that they are pleuston organisms. Larvae of the 

four-bearded r.ockl~ng, Enchelyopus clmbrius, were often , 

found in the surface samples and were observed at sea to 

swim at the interface. Larvae of the hake, Urophysis sp 
., 

were also common ln pleuston samples. A larval echinoderm, 

'j Cucurn~ sp, \'las freq\lently found in interfacial samples and 

o b8ervations were made on l ts behaviour. The eggs of" two 

important fish, cod and plaice, were found highly concen­

trated at the surface. An unidentified rotlfer formed large 

~ooms at the interface in 1967 with a distribution similar 

to that of the cod eggs and of A. opalas. 

There is the sugg~stion of a pelagic seawee'd-eelgrass 

community in the Gulf of St. ,Lawrence, including two species 

of sticklebacks, Gasterosteus wheatlandi and G. aculeatus, 

the Iar~ae of the lumpfish, Cyclopterus lumpus, and several 
~ 

small crustaceans. These species were not studied in 
1 

getail and their relations to th~ pleuston species are 

unlmown. 
\ 

) \ 
.' , 
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Appendix l ' 

Means of measuremento of various body parts of !. opalus 

and A. patersoni and selected ratios of these means. 

N = 30 unless otherwise noted. 
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A. MALES 

No. RI 

No. R2 

No. R3 

No. R4 

No. RS 
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Legend for Tables 

Description of Ratios given in Tables 

Length of lst urosome segment/Width of lst urosome. 
segment. 
Length of lst urosome segment/Depth of lst urosome. 
segment. 
Width of Ist urosome segment/Depth of Ist urosome. 
segment 
Length of lst prosome segment/Length of last prosome. 
segment. 
Length of Ist prosome segment/Length of urosome. 

Length of Ist prosome segment refers to lenqth along 
the dorsal midl~ne. 1 

Length of last cephalothorax segment refers ta the 
right lateral length to the tip of the process. 

width of lst urosome segment - at the posteriôr 
base. 

Depth of ls~ urosome segment - at the posterior 
base. 

Length of urosome - from anterior margin to tip 
of caudal rami. 

B. FEMALES , 

No. RI Genital segment length/Genital segment width. 

No. R2 Genital segment length/Genital segment depth. 

No. R3 Gen~ tal'~ segment length/posterior process. 

No. R4 Length lst prosome segment/Genita+ segment dep~h. 

Genital segment, depth and length as in male lst 
urosome segment .. 

Genital segment wid~h' refers to widest measurement 
of the segment on line perpendicular to longitudinal 
body axis. 

-posterior process refers to length of the process 
on the genital segment from its base to the tip. 

f 
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Legend for Table and (Male and Female) 

Key to Measurements Code, Tables 

Pro. Pro sorne 

Sl Prosome segment 1 
• --

CL Cephalothorax, last segment 

U Urosorne 

GL Length, genital segment 

GD Depth, genita~ segment 

GW Width, gential segment 

GP Length, genital process (posterior process) 
\';-

.. 

1 --, 
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Males - measurements (means) and 
ratl0s of means, ~. opalus and A. patersonl 

Measurements 

No. 
pro. SI CL U Gl Gd GW RI R2 R3 R4 R5 

1. 3.44 1.44 .43 1.41 .52 .33 .50 1.04 1.58 1.52 3.35 1.01 

2. 3.42 1.43 .42 L44 .48 .33 .49 .98 1.45 1.48 3.48 1.01 

3. 3.32 1.42 .44 1.44 .53 .35 .54 .98 1.54 1.57 3.23 .98 

4 . 2 . 97 1. 27 . 38 1. 26 . 44 . 29 . 4 7 . 94 1. 52 1. 62 3 . 3'4 1. 01 

5. 2.96 1.28 .35 1.31 .44 .30 .43 1.02 1.47 1.43 3.66 .98 

6. 2.91 1.23 .39 1.27 .45 .29 .45 1.00 1.55 1.55 3.15 .97 

7. 2.83 1.21 .38 1.2] .44 .28 .45 .98 1.57 1.61 ].18 .98 
,. 
8. 2.79 1.20 .]6 1.22 .45 .28 .43 1.05 1.61 1.54 3.33 .98 

9. 3.42 1.47 .39 1.30 .28 .32 .37 .76 

.B4 

.90 

.69 

.8B 1.16 3.77 1.13 

10. 3.22 1.40 .37 1.22 .26 .]1 .31 

11. 3.12 

12. 3.06 

13. 3.05 

1. 38 

1. 39 

1. 34 

.36 1.20 

.3] 1.19 

.36 1.15 

.26 .35 .29 

.25 ·.31 .,)6 

.27 .38 .29 .93 

.84 1.00 3.78 1.15 

.74 

.81 

.71 

.83 

1.16 

.76 

3.83 

4.21 

3.72 

1.15 

1.17 

1.17 

~I 14. 2.96 1.2] .35 1.10 .26 .25 .34 .76 1.04 1.36 3.51 1.12 

III 
,c 
~ 
~ 

u 
~ 
Ul 

15. 2.88 1.27 .33 1.16 .25 .34 .iB 

16. 2.72 1.20 .32 1.10 .24 .26 .33 

17. 2.52 1.11 .28 1.02 .22 .24 .30 

\ 

.89 

.73 

.73 

o 

, 

.74 .82 3.85 1.09 

.92 1.27 3.75 1.09 

.92 1.25 3.96 1.09 
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e Females - measurements (means) 
and ratios of means, ~. °Ealus 
and A. Eatersoni 

easurements 

1 2 3 4 5 6 
No. Pr SI GL GP GD GW RI R2 R3 R4 

1. 3.91 1.63 .63 .32 .60 .61 1. 03 1. 05 1. 97 2.72 

~. 
2. 3.72 1. 54 .60 .30 .60 .52 1.15 1. 03 2.00 2.66" 

3 . 3.64 1 56 .62 .30 .58 .59 1. 05 1. 06 2.06 2.69 

4 • 3.27 1. o . .53 .29 .56 .53 1. 00 .95 1. 83 2.50 
~I 

, 5. 3.36 1.43 .57 .27 .57 .50 1.14 1.00 2.11 2.51 
III \ c 

\51 Q) 6. 3.09 1. 32 .28 .52 .44 1.16 .98 1. 82 2.54 f-E .... 
.~ 

, 
li 7.' 3.05 1.;34 .29 .53' .49 1. 02 .94 1.72 2.53 Q) 

CL 
Ul 8. 2.99 1.31 .51\ .27 .51 .47 1. 09 1. 00 1. 89 2.57 

.. 
9 • 3.78 1.~4 .45 . l .39 .45 1. 06 1.15 4.09 4.20 

. ~ 10. 3.~0 :).56 ~42 .13 .~8 .46 .1)1 1.11 3.23 4.10 

11. 3.46 1.48 .40 .11 36 .43 .93 1.11 3.64 4.11 

12. 3.37 1. 51 .40 .13 '] .44 .91 1. 08 3.08 4. 08 

~I 
13. 3.31 1.45 .40 .13 .33 .42 .95 1. 21 3.07 4.39 

i 14. 3.09 1. 29 .35 .13 .34 \(9 .90 1. 03 2.69 3.79 

..... \ 15. 3.16 1.40 .37 .13 .36 .41 .90 1.03 2.85 3.89 

~\ 16. 3.02 1.32 .36 .13 .30 .37 .97 1. 20 2.77 4.40 

17. 2.73 1. 20 .34 .12 .30 .36 
( 

.94 1.13 2.83 4.00 J 
" 

<. 
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Appendix II 

Stage composition of !. opalus in the pleuston samples 

1966, 1967 and 1968. 

, . 

. ' 
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This appendix provides a further breakdown of the life 

cycle data than lS found in Section VIII. Ac in that 

sectlon nurnbero of A. opalus are the lll.eans, of occurrence in 
-

the pleuston samples taken on Q day of sampling. The number 

of samples varleo from one to four~ee tables?, 'l, and(;). 

The stage composition has been broken down to naupliar 

st~ges 2 to 6 and copepodite stages l ta VI (adults). The 

sexes were determlned for otage IV ln 1967 and 1968 but not 

in 1966. When the 1966 samples were ané:ilysed, the morphology 
r 

of' 'sexual dlfferentlation was not lmown ;ror this stage. The 

sexes were determiJ)ed for stages V and VI for __ aIl three years. 

In three of the six tabie s the -IIlSaYl nurnbers have been 

converted ta percent~ges of th~ mean total number of 
~ - \} 

~. opalus for ,eaqh day uf sampllng. 
o 

" ~ 

" 

a' 

. , 
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r, .,. ~'ate 2 7 .! 

-
'::; , 

: , .. ~ .. ~ ~2 

:: A:-.è :0 ~ 

.: .... lJ~ 1° 

;'~g.,lst 
. 
, " • c 
~ . / 

..q-
:.. ..... b.Àst 2 t..J 75.C 

C\J 
r.~g~:: t 1 1 

C\J 

: . ...:g ... :::t lE: 
1 

;' .. lg.l~t 20 22.0 20.5 "1" ::-. .) 
.. J.g'lst 30 275.0 289.0 262.0 

September 6 87.0 159.5 150.5 

September 20 212.0 46.0 24.'0 

Cc tocer 12 6.0 2.0 

CJctober 18 

Cctober 26 1.0 

j;oveJ:lber 17 2.0 1.0 G.8 

e 

-"tJË>? ,:mpQ~.LtlO"~ of !.=._ .Jpalu.'s 2..!":. ...,3...":"l='~e ... \~r:,.rL':'(-t\lv~èret 13' ! ... -:f...1.!~" ~"~E:!". 
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I~i 1ft ;~ ~i p ~ t, .;~ ':t 
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: .'~ • .r 

l'.' IJ. 1 

:-4'.0:: \ -......... ,',.) 11.1) '': .. 
f .... 

74.0 eé.5 • r C 1 ~ :. v 
. 

, tJ • ~ ..... -
b.t; " l • C = -. ~ 
6.0 -... 0 b.C' " ~ ,.0 ':" • <J 

4.5 ?) -' .0 f}. : 1 t Z t:. 
~ - ..... 

24.0 ,--_ ... II _'_ • C' .!c 
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~ 

<> 

4.0 :.. 5.0 1.Cl ~.J ~J.!. ~ 
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~~tagE- C 8'"1.;081. t.:OY. 01. !,;;.. JFal~c lT •• ....t..:";.le .• jrl,J.!~..!"'-·~ l·ll~r(. f j--f;_~ .. 

. . l t_'1' _. t':1 tdgt.· ~ 0 f ~ _ + \ _ :-.J.r: t f· r ... 
'. 
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.:: ~ 

l 4 =- t 2 Il 111 l':t" .~,.. ,T'- ,.~ ..... ) .. ~~ •• t ". , .~ 
_. __ !..... 

t ... ~ 
~a~ ! ! 1 .::~ .... . . -

J A~lt= 15 ). : 1~ .. 27 lf.·.27 5.S ore .. .J .. 

-t 
J .An~ 22 14. êf .., 1.:: . , 

" .. ", 
}1"A..Y~E:. 3C (o.C~) 14.3 1.8 o..! ... 0 '7 .'1 1). ~ ," t .4 .-, -.v ç . 

, 
;- ~ 1 .... 1 ") u wA. ....... ,) "- o. ~ , .1 '::..5 '5.4 1 ~ ... ..; ,,, 'i .. ~ ~ ..~~ .e '1 1.~ .'. .; .. ~ .. 

J • ..4g1.....et ~.4 1 ~ 0.e3 1.-;' . ./ 4:.1 7.1 ; .B .,... c- :: .' • 1 . 2':1.7 , -. ... -. 
r ;.g "" t 2 

l.f"\ 
1.: 2"3.9 :,2.5 ,.-,. :1 • E:. 4 1. ;: 2. ,: , , 

.';1 ., r- .!. d 'lt ~.C -. " . ... '-
(\J 

!· ...... b~['t 11 
C\J 

0.1 . C.:= F • E: 2.5 1.5 . . ; " .. ." ! -' .. ~ ." ~.e ...... 
r, 

1; ...c.g~Et 1E '.-
('J. 04) O.: . \: , 

l.~C 4 .. \.· "(",b :M.t! 

t~g,"st 20 1.E 1.5 G.9 • O. 1 '"' , _ v. L 

;; 
o.~ r v. _ (.1 . < , . .5 J.') ~ 

.. 
~.~ r • ... } . '. -... 

~ 

'" August 30 23.8 ô.O 24.4 18.9 4.9' ~ 1.2 L.v " , 

September E: 12.4 22.7 2,.7 20.8 11.6 o ;) C.2 0.1 O.tO 0.4 "';'.1 
". , C -~ C? .. ~ ) .. ( 

Septemèer 20 56.1 12.2 6.3 E.9 2.E 1 • -: 1 • 1 1.1 ." 0. C) .. ". :2 1 (~ '.1 C- 11 l' r..3 . ~ 
\ 

October 12 16.7 5.5 
.. 

lr'\ '.! .7 , 1 • 77.cl 

Cctober 18 

October 26 53.; f < , 
f ' ... 

, . 
!!ovember 17 52.G 26.3 21. 1 

~ 
Cl 

"~ ., , ... 
t> . .... 

e " 

<P 

.J) e 
~. , . 



') 

" 

Q 

~ .. 
Stage compos~ t~or, of !!" opalus ~n sampleE:, ,Magdalen Islands, 1967. Me~numbers. " 

',' 

'" 
n c 

Date 2 ." 4 5 ~ T II III I..V~ IV~ IVt V~ V~ V1t VI~ VI~ VIt -' -

J .;.ne 19 1.2 G.25 ::'.45 0.0 0.5 

J .Àne 27 2.5 3.9 ;.0 '.5 ".8 

] .).:"y 5 0.5 1 • 5 6.0 21.2 9.8 4.5 6.2 5.8 8.8 14.6 5.2 4.2 9.4 0.25 0.25 

:.J.ly 10 0.8 0.25 11.5 13.5 8.8 0.8 0.8 1.0 2.2 3.2'- 5.0 5.2 10.2 

\.0 July 26 20.0 43.0 9.0 6.6 4.3 C.6 0.3 ~ ?3 1.0 3.3 0J 
0J 

'" ------~ 
AlAgè.st 1. 1.5 5.4 €.5 " 11.0 4.0 • 11.8 123.0 20.2 0.5 0.5 0.9 0.9 5.9 2.0 7.9 

August 9 0.5 1.0 , 2.5 1.5 2.0 3.5 10.5 7.0 '7.5 10.0 10.0 20.0 

A.Àgust 10 2.0 135.0 34.0 8.0 2.0 2.0 4.0 1,5.0 4.0 9.0 14.0 19~ 0 ; 33.0 

A1.lg.lst 16 
~ 

54.0 
J 

234.0 328.0 6.0 4.0 10.0 16.0 10.0 26.0 52.0 14.0 ' 66.0 

August 30 0.5 0.5 0.5 2.0 24.2 38.3 16.8 3.5 10.8 14.3 . 4.0 2.0 6.0 2.2" 4.5 6.7 

September 8 0.2 0.2 3.0 19.8 18.5 5.2 2.2 2.2 4.4 1.2 1.0 2.2 0.5 0.5 1.0 

• , 
September 13 2.8 15.8 10.0 9.2 19.2 '17.8 17 .8 35.6 37.8 23.6 60.'8 

1 ., 

.' " 

'" 
'0 

,. 

e e 
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Stage CO":l'0SltlOr.. of !:.. opalus 1Y. samples, '1agdaler.. Islands, 196"'. 

Percentages of total numbers. 
\ 

"----
, 

il 
c 

~ ~'ate 2 5 4- 5 6 
,. II !II IV~ l~.r~ IVt V~ V~ Vt VI~ VI~ VIt 
.J. 

J ... Yle 19, 60.0 8.3 15.0 1~.7 

.:. ) 
J .<r.e 27 21.2 25.4 25.4 T2.7 15.3 

"-

~Tul:.t 'i 
-, ~ ". , 2.0 e.CJ c?; 13. 1 6.0 8.3 7.5 11. B 19.5 f .9 '5. E. 12.6 3.3 3.3 

t-- :; ~ly 10 Lé ~.é. 2:::.4 27.5 17 .9 -1 .6 , .f 2.0 4.5 6- 6.5 '~.2 10.6 20.8 

(\J 

(\J 
J lly 2ft 22.9 49.3 10.3 7.6 4.9 0.7 0.3 2.6 1 • 1 3.0 

August 1 0.8 3.0 3.4 6.7 2.1 6.1 63.7 10.5 0.3 0.3 0.4- 0.4- 3.0 1.0 4.0 

A.;.gust 9 ., 1 • 1 2.2 5.6 3.3 4.4,'7.8 23.3 15.6 38.9 22.2 22.2 44.4 

August 10 0.9 60.0 15.1 3.6 0.9 0.9 1.8 2.2 1.8 4.0 6.2 8.4 14.7 

August 16 7.5 32.6 45.7 0.8 0.6 1.4 2.2 1.4 3.6 7.2 1.9 9.2 

" \ 

August 30 .j" 
0.5 0.5 0.5 1.8 21.8 34.6 15.2 3.2 9.7 12.9 3.7 1.8 5.4 2.0 4.2 6.0 

September 8 0.4 0.4 5.5 36.2 33.8 9.5 4.0 4.0 8.0 2.2 1.8 4.0 0.9 0.9 1.8 

3eptember 13- 2. 1 11. :3 7.5 6.9 14.3 13.3 13.3 26.6 28.2 17.2 45.4-

Q 

.J 

e r- e 
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3~agE CO~00~lt:O~ of A. opal~c lL samDle~, Gr~~de-Rlvlère, 1968. :'-lean r.:unbers. 
~. - j' , 

~ ~ 
~ 

r, c 

/ .:)3. te 2 " 4 C; é II l=r l':6' IV~ rVt ' V~ \T~ 'lt .:::! ':I~ VIt 

1 - -
- ._ .. _-_._-_._-~ 

• , 
J .l.r1e 5 2 ') 

:; .1:.1:: 1; ::.: 
-;; 14- 2~ '. 3 

' . 2 é 
-..~ 

.- .- c-
I 

J .lY_e 19 ~ 22 16 12 ::' ~ " ~ 

.r ly:e 28 ... c-;- 142 ZOO 12': 79 22 21 -:; 12 18 1<: c: 18 .-

~ ..4:y 5 t. 3t. 28 ;9 65 43.5 47 .70 4:; 68 111 30 :;::.5 118.5 -- 47 69 

00 J ,üy 17 3 42 53 18 ~ 4- c:: 4 9é 97 
/ 

1 
-

C\J 
,1 

C\J J .11y Z3 2 72 10 14 ~ 2, 2 90 40 130 
~ 

, 

J'lly 51 
<: ,. 28 8 

2 , 
~ 

ç 

~ 

A'.lgust 14 16 15E> 192 188 400 36 12 85 88 

August 22 2 6 14 108 38 J 12 2 2 134 134 

September 3 4 12 40 124. 80 52 ' 252 384 636 436 440 876 • 260' 92 352 

September 11 . 4 4 4 12 16 176 38 214 

September 19 
11 6 9 15 12 10 22 114 51 165 

September 20 8 8 5E 32 336 368 704 496 624 1120 456 256 712 

'Septem't,er 24- 5 45 190 220 410 795 ~70 15E.5 1140 935 2075 

October 15 
.-i 10 30 40 1210 780 1990 

~. 

Q 

e 
~ e 
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,Appendix III ~ 

'. 1 

Posltions and, sa.rnpling data for .. the "A.T. Camerçn" 
\. Q 

crUIBe, 

May 26 - June 6, ~ 1966. -85 ~ta.tions, one :rileuston sarÎlple', 

per Gtati~#6 ;~sh, s~e/ed iknO:t~8/duratlon 15 ffilnûtes). 

The statlons are shawn on ,Figure. 14. 
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"A.T. Cameron" cruise 
"'\. 

." 'May 26 - June 6, 1966 
, , , 

(l 
" 

" Station 
~ S1ll'face 

-, 1 
Nurnber ~ Lat. 'N. Long. VI. Date Temp .• Oc 

- , 

1 • 46°20 t 59°56' May 26 5.6 

'î 46034 ' 59°34' 
. 

May 26 4.7 
l'_ 

3 ;46° 45 ' 590~2' May 26 . 4.7 

4'- 46°5 .... 2 ' 60°01' M'~7 4.7 

, 5 - 47°03' 60°09' M, 27 5.6 
~ 

f' 
.' t 6 47° 17' J59° 58' May 27 3.4 

'. 
7 47°30 ' 5904b' May 27 3.4 
. 

47° 42' 59~1' 8 , May 27 
- -. 

9 47°55 59°3"/' May 27 
". 

10 4'7° 48' 59°54' May 27 3.6 

11 47? 44' 60°16' May 27 4.0 

12 -47°35 ' 60° 11' May 28 3.2 

13 47°24 ' -60° 17' May 28 3.2 

14 47° 14' 60°31' May 28 5.4 

15 47°03 ' 60°45' Nay 28 5.8 

16' 46°51 ' 60°58' - May 28 6.5 

17 46°39' 61°10' May 28 7.2 -
18 46°26 ' 61°21 ' May 28 6.7 

19 46° 22' 61°39' May 29 " 6.4 

20 46° 36 ' 61°42' May 29 

46°50 ' 61°34' 
, 

21 May 29 5.2 .# 

47°04 ' 61°27' J 
\ 

22 May 29 4.7 

23 47° 13' 61°15' May 29 
\ 24 4.7° 23' 60°55' May 29 5.6 

, 
4 7~34' 60°47' 25 [ May 29 5. 1 

" 

e 47° 44' 60°39' 26 May 29 4.3 

27 47°39 ' 60°53' May 29 4.2 

~'''"'~ 
, , 
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/ 
Station ) Surface 
Numb~r Lat. 'N. Long.W~ Date . Temp.oC 

) \. 

28 47~55' 61°10" May 30- .,. 4.6 
r ' j 

, 
29 48~OLO ' 61°30' May 30 5.7 

30 " 1t~004' 6'1°50' fl1ay 30 5.8 / 

31 /48°09 ,. 61°10' May 30 6.0 
;1 

.' 

32- 48° 13' 62°30' May 30 5.7 
#-

48°18' 62°50'. 5,0 , -
33 May .5.4' 

-, 

34 1 48°22' 65009'v May 30 5.3 ,1 

(, 480~3' 63°19' 35 MaY,30 5.8 

>56 4~27' (-;,° 20 , u;; , May 30 6.7 

37; 4'3.° 29' 63°'41' May 3.1 5.5 

3.8 48° 3 2' 63°55' May 3-1 6.6 
i 

39 48°1.4' 63°58' May 31 6.~ ·f 
40 " 48°,20' 61+ 0 19 i NaY'31 

'41 48~15' 64°35' rJIay 31 7.0 'Ir 

\ ",1 

4$°05' 64 °38 ,. 42 tJ!ay 31 9.7 ~ , 

43 48°09' ° 64 32' ,May 3,1 7.8 

44 48~05 ' 64°02' May 5.1 7.4 
/- 45 48°07' 63° 41 ' May 31 5 "7 • .J 

46 48°19' 6'3°38 ' June 1 7.2 

47 48°16' 63°22' June 1 7.7 

48 48° 12' 63°06' June 1 5.5 
'. 

49 48°01' 6:D°09' June 1 6.4 

50 47°58' 63°26' June 1 6.2 

51 47°56' 63°44' June 1 7.6 
( \ 

52 47°52' 64004 r June 1 7.4 

53 47° 41' 64°21' June 1 8.5 

, 51 47°.23 ' 64 ° 11 ' June 1 8.7 
, 

47° 11' 64° 25 ' 55 June 2 10.3 

56 46°53' 64°25' June 2 10.3 

57 47°02' 64°09' June 2 9.4 

58 47°15' 63°56' #kme 21 8.5 t-

e J 

59 47°28' 63°52' June 2 7.8 
, 

47°32' 63°47' 60 June 2 7.5 
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------- -- ------- ----

-Station Surface 
Nwnber Lat. N. Long. W,. Date Temp. Oc 

61 470 47' 63°30-' June 2 _ 7.7 
-.:: .. ' 

62 49°52' 63°12' June 2 7 .'~ 

: ,>63 47°38' . 63°15' June f~ 7.8 

64 47° 25' 63°18' J un ri '')- '-- --~ 7 ~7 -

65 47°10' 63°20' June 3 7.9 

66 46°55' 63°25' June 3 8.8 
(. 67 46° 41 ' 63°29 ' June 3 

~' 68 46,Q 36 f 6-)°08 ' June 3 10.7 

46° 46' -- 63°05' 69 June 3 9. 1 

70 46°58' 63°01 ' June 3 9.3 

71 47°09' 62°56' June 3 7.9 

72 47° 21 ' 62°51 ' June 3 7.3 ... 
73 47° 32' 62°47' June 4 ,7.4 

74 47°44 ï ' 62°42' June 4 

75 47P55' 62°37 ' June 4 7.7 

76 48°04' 62°35 ' 'June 4 7.0 

77 47°59' 62°20 ' June 4 7.5 

78 47°52' 62°03' June 4 7.7 

79 47° 48' 61°49' June 4 7.5 

80 47°37' 62°00' - June 4 7.5 

81 47028 ' 62°09' June 4 7.0 

82 47°.17' 62°20' June 5 8. 1 

83 47°07' 62°20 ' June 5 7.3 

84 47C?SO' 62° 20' June 5 8.5 
- \ 85 46°35' 62° J 9 ' June 5 8.8 
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