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lJ.be loi)ate eteno.!}hore ~olinopsis_ ~E..f1.~'.].~~ (o.r. Euller) is a ctominc.~Ti;

prer'l.ator in 3. S80ttish see.. loch beh/een ..:~pril and rJ~c, July each year. The maximum
itens:Uy recorclecl over a. three ;year ;1eriocl Has 28 !.1-.). It ,fe,eds on q wide
unsfJlectec1. ro.nge of herbivo:ous zooplankton at '-" constant rate over -:;he na-cural
ro.nge of prey densities. Although 301inopsis are capable of producin~ egßs
throu.':J. out their E;roui 16' se,J,son, field:"-evI1el1ce suggests tlht, in 1977 two
~enerat·ans l.-lere. produced, one in j pril/ =ay al1.e. -Lhe other in Junc/Ju1y out of vlhich
a very fffil indivi uals will ove~~ilter.

Introduetio~
..... .-.-......---...---

The ten"cacu1ate ctenophores are importa::1.t pelagi.c preL~a'~,ors \'lhose ntl!'"lerical
ab1.1j1Clance 'l,:;;.s frequently resu1ted, in an o'lJserved inverse relationship betvl'een
their clensi"~:i a~1.cl that of "cheir herbivore prc;r (I~anshilov 1960i I:'raser, 1962.;
JJurre11 c"'; Vc.21 :81':.·,·e1, 1976). Hecer.:cly specific ,\'Or~~ has beel'! done on -che predation
e 010& of Pleurobrachia spp, (IIirota, 1974i Greve, 1911, 1972) ancl 011 the lobate
ge~1Us ~~iöp:sJ~'rDa,tör~o. Heeve, 1974i lJc:.Her, 1)76; KrelJ1eT, 19762-). ri'his
paper su..!1lJarises observa'i;iOl1S raa e on a populatiOi1. of p_o.J.:..i.2.0psis. ~~l.':'bt'..J.:..i..:':2
occurri21G' in a s;'.1all see. loch, L. Thurnaig; on "~he west voast cf ScotlancL

~.JjB9.P..s.2E is one pf the 1:Jost d.elicate macropla:n:::'cers. It cannot wi'chs"Cal1d
any hemdlinc; in ail~. i t is broken up by conventiol1al plan::ton nets ancl i t dis,in eg-rf\tes
on contact ,,,i eh preservatives such as for:19.1clehycle. COl'1,sequen'~l,y tHO special
,,1ethods .,ere acloptecl -(;0 Sl.lrvey the populc.tion. First:'.,:,' "in--situ" counts "Tere
me.de usin(;' chving gear and. seconc.llJT 2. new ne "i; ,'las devise::' for collection of li' e
in'~act, il1ciYic.1.~also r."·he cliving saT,l.!}ling 1;ras carriec'. out at a single si te ar..cl
consistecl of horisol1Gal traverses c."~ four dept.s, 0-2 n, j-11 8,1)'-21 L1 al1Cl '
29-30 m (bott on) • Ctenophores which passecl 'i;hrou[,h a 50 cm x 50 C'!l square fraDe
pushed. a1 on:::: e20ch 'craverse ,,!ere counte".

The :S~1i~~.l?~~" pop1.üation, 1ü:e ~'~~:i.~:>_~~ ~~~Si2:. in Narragansett &.y (Krenel~
2. Nixo::1.. 19'7D) is pu:,sed; ie i'i; blooms for a short period each year (17ig', 1b).
Durin~ this period nw~bers rise to a maximllill in JUlle only -(;0 crash drrunatically
Ül July. Diving observations t-/ere continued throughout the Hinter of 1915-:[6
cluring which occ2.sional si.;-htings -.ere i.!1aJ.e of single inchv' :1..ua1s in the 40 m3
sa~"1pled. ~::'ol:i.l1opsis shO\'!'ed a. distind csoidance of the surface 'YJaters emd Cl.
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preference for mid.rl<:::Ger (Fig. 1a). Dense concentrations at the surface Vlere only
seen at ti;-les of hiGh abundance; eg mid-June 1916; or whe.! the sea state I-Jas
e""ceptionally cal::1 01' into July whe.: isolated lobes 01' senile; ::l..ecaying
inc1..i-,'!.,1.uals 1 ecame ver;,T cormnon. Ho diurnal ver-Gical •.1i6r'ation 'i/as noted during
a 24 hour observation period in June 197'( while a vertic2..1 "drop-dive" surve;)'
throughout the loch revealed. a horizol1.-eall;y '..mifor; \ population l"1ith a densit:'
1"la.~~i,_ um be-eween 10-15 Ll.

A :;'1.et survey of 'che 1911 population pulse H s car!"iecl. o'Ut \li-eh a 1 :l ~iarneter

950 jU net fi--;~ed "Tith a 25 1 detachable cod.-end. buc:;:et. J.l'his net vlhen ·i;ovJeC'..
ver'Jr sloHlY (0.2 r.1 sec-1 ) collecte t 1e BolülOusis i~1. sufficienn" intact cO~1ditio:1.

v '~)~-J!..~ v

for ;·~easurel.!e11.t alo.1g the oral-aboral (gut aJ:is. :-:>uplica-i;e vertical hauls l,-/ere
J11"1.de at foul' sto.tions _ three \Vi thi11. L. Thurnc.,i~ ;;\11'" one o.t the ent1'9.nce, iu L. :':::;He,
at t\'TO week i:;'Ttervals froLl mi 1 r:arch until -che e11.-1 of 3u1;) • .-~S \'lTi-~h ihe flclrop--
civinG" s'....rvey the population vTas seen -'-0 "0e u:;"ü :0:::-i:11y sp:;.~eaC. throughou-~; -ehe loch.

71'he grmvth of the popula:cio11. is shm-m in Fig. '2 vlhich represents the S\El of •
the collediol1 of il1.c1.ivicluals from 2,11 stations. The abunclance curve (PiC. 2a)
follm-rs rmch -ehe s~ '-le forE: D.S 'i;he 1911 di-iTing o~)servation: a gradual increase
ur,-~il la-ee June/earl;)r J1..1.1y follo~!ecl by a rapid clecline befol'e the end of Ju1;y.
Over 200 :Bolinopsis were c011ected. on July 8 but onl;,.' one Oll July '27. The
absolute a1Junci:a.iiceve.lues have not been fitted to rigG 2a sL'lce -ehe net fiLration
efficienc:" is s-cill bei 16' cleteITlil1.ed (the slo"T speed of -~.mvi·l~ l'leCessar;:T to
coHect il1-~c:.ct ~}~~~.E~~ is at the limit of T.S.~C. current me'eer acctU''l.cy).

The populatiol1 size structure changes (Fig. 2b) suggest that a si.!gle
generation of c-i;enophores: pres1..~j1ably procluced fl~O!_l ovenl'inte: ing indivicluals
developed fro~l April until e&r~y June after ~hich a second infl~x of s8a11
L"l i vicluals becel:le appare:;'lt. '1.111.e unifor'-:l abuncl.ance (I'ig. 2a) from rla;y- until
.,äi-.Jv.:.."le t02,-ether Hith the steady increase in -ehe ewerage populD:cion size is 2,lso
ev;dence for ~ sil161e generation of c~enopho1'es ßTowin~ ste~dily ~uring the
::;>e:tiod. Houever _ despi te the late June influ=: of small indivicluals -ehe entire
population clisappears in nid-Jul;y e:ccept for the fel'" , ver~c sparsely dis'i;ri bute<:!.,
oven-ülyeerÜ1.::, indivic.1..1als.

•
;e_~~:l,~si~~ ~:t!.~}?~~ like o-uher tentacuL?:ce ctenophores is a voracious

preda,c or on herbi vorons zoopla11kton. The fee :'in.::; :L'esponse curves of three
differe:;.y~ sizes of ;So~.~ip5?P.~.~~ are illustra';;ec. in Pi.;.;. 3, ·cog'ether wi'Gh tlle
ca1cuJ.G:ced filteri;:}ß' rates. 8 ho l' fe ectirlf,- experi,.lents l<Tere carried out a-~

9-11 0C in const ~;; dG~~ness, for the two larger size ~TOUPS, in 5 1 beo.~ers

containing 4.15 1 of 68/u filtered sea wate~. The snallest group "Tere co~tD.ined in
1 1 of lrlß'cer in proportionately smaller vessels. Each point represents the r:lean
of five ülflepen .en-;; obsel~vatiol1s. The food :l.....terial Nas 250/u Elesh ret2,inec'.
organ~sDs consisting priJ.lari1y of the copepocls ':t:eT.lora longicornis Ac",rtia clausi
and Pseudocalcmus el'on[~atus. Cladocerans "fere 'e::Zcl-;;clecr---be'cause-ö'r the(r--:Cendency-
to st1cltt;·~wc:.rer·"Sl.~rfuce. Feeding rate, as e,.phasized in Fig. 3a, is
li:i."lea1'ly l'elatec1, 'co prey cl._ensit;n a slope 0: mü t;y bes-;; descrihes -;;he 10[;: log
relationship. This is corrobo:::,atecl oy the fil-i;ration rates vr11.ic:h ßre more 01'

less sonsta.:i.1t ovel~ the range of fish .ensi-~ies me2.surecl. '1'he onl~r su.;g-estion_1
of ai1Y non~lü:ear:Uy is at the hi;;hest :fooel. concen'i;ration 1-'.sec:., 160 copepods 1
(Fig. 3b), ou-c in this situa.tion i-i:; is feH that the c'i;enophore will SGill filter
at -ehe same rate; although the gut i-cself c<:mnot cape. At these high concentrations
boluses of live copepods e:1.!'leshe(l in ctenophore m.ucus are frequently produce •
'l'his bellaviour fur-i;hel~~_ore occurs at concentrations il'l_ excess of aatural levels.
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Preeis

~ ~obate ctenophareBolm0J.2sis Üi.t\U;.dibUlum. (O~F. MÜller) est
UI1 predateur dominan-t dans un bras d.e mer ~cos8a.is. cha.que 8.lmEe. entre
avril et.Ja mi-juillet. La den8it~. maximale e~"t~e au COU1:'S d'une
pfri.ode de trois ans Gtait de 28 Jll-3•.I~ SI!! nourrit d'uae grand.e
vari'tE. non ~'J.ectiOIUlee, de ltOQl.uancton herbivore i un rythme COl18tant
sw :La plage naturelle de deD.sit6 des proiee. Bien que leB ·l}Ol,i.J10;Q!!!.
80ient capables de produire des oeuts pendant toute .leur S&1S0n da
croisssnce" lee 'tw1es ef':fect~es sur place laissent penser qu' en 19'n
de~ gEnErations ont 'te l?1"duites, une en. a.vril.l1ai et 1.' e.ut.re eu
juin-juillet et q~ sur la quantit~. tres peu d'entre eux survivront
1 1 'hive:r.
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Prey capture by Bp)jpoEsis, depends largely on -ehe sti~lulation of the
sensi tive il1..ner. surface of -ehe erlenc1..ed lobes l1hich causos their rapid contraetion
to trap the pre;)" in a pouch eround '(;he i:J.outh and iJuccal tentacles. It woulc1..
see);} therefore that '~he rate of inte.lce is a function of lobe area which,
considering 'che average gut lengths of the size g-.coups measured. (7.3. 16 1 e.nc..
32.1 Düll) shouId. :nean '~hat their respective feeding rates HilI ii.1crease by a factor
of "1. 1t can e seen hOHever in Fig. 3a that onl: r the tvw S~.l ,ller groups have
-Chis re12,tioYlship (;11e 11 ratio 1 :_~.• 37) lt!hüe :i.~atio of inter!~1ediate largest size g;rou:p
is onl~" 1: 1 •64. Since there ..laS a proportional incree,se in experimento.l vessel
size be';~1;{een the hlO snaller size groups only. 'chis result coul. be an effect of
t 00 s'ilalJ. a vessel inhi 'oi ting the feedil1g of the 32.1 mrll si ze grm.'..p. Perhaps
;:leasurer eut of their feedinb re:.te L1 20 1 vessels. insteao. of 5 l; is requirecl.

ObservC\:i;ions have also been rnade on the gut con'cents of freshl;;r caut,ht
incli';ic1..ue-ls in ol'(1..e l' . primarily. -Go see \-'Jhether the ctenaphores shm",- arW si{;11S
of fooc1.. selectivit;y. These data have ye'i; to be fvJ.l·'" evaluated but an ini'cial
assess:cle:,:~ sugges'cs that there W2-S 110 obvio1.ls selection. Specific laboratory
tests ",i-:;h the -ewo species of copepod ~~c:-~ c..ncl !e:.1.o.~~~ and T;;ith 68/1.1. Vc.
250/u mesh zooplanlcton showed no distinct choice ('I'able 1). 'l'his result j.s
in accorcl v,i eh the observations on natural gui; content ane.. indicates the catliolic
choice of BolillOpsiz. All the COITII;1on neri tic nlankters '!'Jere recorcl.eo. in the gut
including fiSl;·:re.;';a'e. E::peri;:'.ents ioTith the l;'-ttcr sh'oHed the usual densi'~Y
:lependent feeding on 4.5 I1lH hactdock larvae. that 7.00 ::'lU plai ce lc::,::,vae i'lere
-eaken .J;/ 12 mm gut 1ent-th Bolinopsis but that 11.5 ,;!:·1 herrin§,' larvae "lere too
stronG aneL e .ade . capture bY-Do·iil-i'önsis up to 35 ::1::1 in lengti:. InterestL'lgl;;r__.._~_ r ..._~

plaice eggs loJere ingested bu.t e.jected ULcligested f:co,.a -ehe gut after same hours.

A routj.ne rJonthl;y 6.':})eri:neni; v:as car:c·ieC'. out -Go ;11e8.SUre the egg production
by ~~~~~?~~j~_. IndiviQuals; after beine e~~lilibrated overniGut. were isolated
in 5 1 be8,kers conte..il1ing 100 copepocls. '. he~r Here then lef'i; for 12 hours in
clar~;:l1ess. The res1..'.lts. in I'ig. 4a; show a Hell marked clirec"i; relationship
be'c\Jeen si?e allel.. eGs production. the,t cmL:1a!.s d9Fn ·co 3 HF: 10il;?; cal1 produce eggs

nd. that there i,ere 110 overt c.i fferei:ces bet"Jeen IJonthly saL'lples. 'r~le ;"aximuEle rate i'!l.easurecl representecl. c.. o.ail;y :?roduc-Lio:1 of 5000 eggs.

',.'he effe ~t of fooe. cOllsumption on egg production is illus'l;::~atec in rigg L].b.
In -Chis experinelYG apprOXi!;latel:r equal si zed incli vic.~uc;.ls ivere kept for e. vl'eek
in 5 1 ~)eC1lcers containing di fferent concentr8.tions of '2.50LU copepods. ~J2.;i;er

Has exchan<-:ed cl..ail;:r o.nd fresh prey ac1.ded at -'ehe o::iginal concentration. The
detail8 istec1.. in 'i'ab1e 2. shO\\" "chat claLly egg praeluction was ::l2.intaineo.. 01' even
il1(~::-ease.. at the higner faod concent::-ations vlhi1c i.i; declined 5:[; the 1011er
levels. HO\'lever' i tappears tha-i; thore is a _a'cent perioc1.. af about 1]. c1..a;ys befare
the D.j,e·~arf regiu8 takes effect.

Discussion._-....-_ .......- .... __ .

Unlike '~he pulsecl. Narrag2.nse·c·i; :Ja<" populn.ti.. on of ~~:-:~~?2:E.p.s~!3..l.~~~~ described..
0y 1(re)'ler anel ITixon (19'75). the Bolinop,sis inf1.U1clibuh1l·l population pulse does
not clecl::.'1e at -the el1C~ of -the au:i;~mm ;:fhen~thetemp~erc:c'ure is dropping anel..
seasoi1al chanc;es occur. Ins"l;ead -ehe popule.tion e.brupt1::· crashed in uid··..July on
three consecutive years. rrhis ro.ises 011e j .. ntriG,uing quesoGion. 1:. second is 1l11;)'
is 'i;here apparently 0nly 0116 generation of ~.~1~.112J2..~.i.s. cluril1ß -ehe bloom periocL?
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'..'he eti;, le.;yin; experi::aelT;;S (.d.g. LI.:,.) i:'l ,ice;~e the g;reat reproduc'~ive Gap,-.' :'.li·C~r

of ';;l!ese al"ä: .als ·;;11rot.ghou:;; 'cheil' Se2.80:1. ye'~ the popule..tio~1 a:ne.lyses (:7ig. 2b),
S110vl art:,'e ~11.1.i..,l'eTs of s!.:cül illO.iv:i. 1..1111s on1y in earl~.· ~ '..l;)' ane. lc.te JI.U1.e/e r.r1:;'
J"LÜJ", 1',1 -Gi is respeet the fecundi t;'l :.lec,suTenen·;;s coulcl oe i:1isles.(lil1G since thcy
,:.::.=.. esse:yi;5.allj" ShOvl an ii.1:J."L'.ce\.i. respo:'lse ":'0 I12.:1cUing an:. enclosure Ul1c:er
c:""}Jeri. '8n';;.o'.1 cOj,l....i "Gions. 'l'he=.. are ::lOre E~:ely~o be a ~.!e2.SUI'e of reproc.1.uc·cive
_ 0·::e:1ti.::.J. ra'dler 'i;hL~1 repr:::>0.uctive c..c·'·1.12.1i-l..y. I'~ 1:2-S ver-:/ nO':;iceablc .!."\2ril1g
1"0 '.-;;5.:18 ':lo:1thl~r ß'Ll';; con:Gel1ts aj,13.1~rses ';;l_:~t 0::;' June 15t:1 105: of the potenti2.11
f eCl.lnr'. 30li::J.opsis ,'1ere 1a;yin:, 01" c2..rr;{il1f, egGB I'Jhi 1 e on .Tuly 12th 5 I ~~ H8re in ·(;h2.s
c,,:>·.:c1j.-;;i·0;1.' .. Cye·ärl~~ th8 su,:ges'i;j.on is ·ch,;i;. as ,vi'~h S0ne o'l~her . teno,hores
(Pic.:i1:a, 1~7f:·): ';;he:ce is sO.:e s;)"nchro:"lisc.;i;ion of the spe.iV'i1.::.nc; ~.)ehi.wiour of
~ ... -I· . S
..,0 .L:L'..OY.S.~. ,"

'.i.'he other ~,-lesJcioll v.S to 1:11c.-:; cc.uses the ~ec·I.Lle 0-:: 'i;h" p:"pU13;ciol1. is less
e::-.s-.- ·~o u..llc.e:cst2.i1C"'.. 7,00~')12.::::::;;0 1. collec'~iol1s su' ,:,;:)s-;; t:12..·· in 197'7 par·;;icu~3.rl~r

when t11.e c veno~hores d.~,d not re~·.c 1 L'.. h5.;:;h _..ensi-::y. 'chere ..:e1'2 cc.le~3.te •
:?opulC1;:~io:"'.s of fooe: or6a:üsL~s. Cer·:;a.:i.nJ,Jr (l1...'.:cÜi~· 'eIlis perioc':. ';;he pre:1.stor;);·
sC~'phOjleclus~1.n C.l~!.~2... ..~E,,).?i,l~~ ..t~ l!:::'S present iil '~he Loch 01..'.t i';;s de;:1s:i.. -:.-~r 1laS too
1.0\! t 0 lave such ~ r2..,it.1• 3.;.lPi.1C·~. 1..0"\;,J~i:1e: '.o::-~·;;:'.l:r 0i.)servc.ti ons hO'ileVer have
s ....:ci:;es·ce" tha';; "'c e :-~olinops:i.s :.)eCOT'.e se lile, ·.llhe obseTvec1. n2.t'.l:ce.l er;c
"l)T'''''' :~+~on h-s -l~e~'L-l~;r ;~e'e~'- ;;e---;'1·01e t'le ~~,.;. co·"'·en+s 1· ... J1. .- T.Te~e les<"' ~"l'''' 1·__ ..J~~_--'~ ..... _~.~.J.. c;.~-v l.J .L_ ......... v _. _ ..... 1". .. V 1_ u _~ .... rf.L _ Q ....~c. ....:..L _

prcvious ilO:1.";;:1S (::-.lt11.oug11. this 112.S to be co"~rec·;·e for pre..)- ej,1si-L,·) 'me'. the
l<:"r€!cr i:1C1.i ,it::luo.ls perforL',e, ~-clC__ J.:;ss .,ell L"'. a l~out~ 11.e .:o:,.lthly :::ee:li:1.,S
c_ neri ..,enc. :::'urti1er;',:ore 5.:1c:':·02,,8e('"'. nar2.sitis.j (~)Otli endo ;>,.nd. the ecio'·pc:.rasi·cic
h:rPeri:'.ltS) 2.nrl c:, large proportion o"!:" cl.eforne,'., e:L'oclin:; Ll~j, ,Ti '.ua1s 1-le:L'e evir.len-:;
Ll Jul3', Kre.le::' (19760) si;.'.il~rly rOt·"'.:. i'~ 0.ifficuH to e:.:pJ.ain ·'·he c'e:-:üse ol'
t ..8 :>le "üo"l)sis popu1atioCl C:lc'c Ol1S . :i.:,ht SUß'" est th......t a .. ~tur:J.l senescence of H1C

....... -- ~ ..,.. ... --- ..
POP1.L2. \;:'0:1. ':;a:-:es pJ.<'..ce.

Cteno'~lOres c..re::ostly si::1.'..1-:;'..ne01.1S e:l',o:2..pho.:'.iies (pü',,::l'.ca 197<-) 1-.rhich
l rpUes '~hr~t '~here \Jil1 e ler~' J.~.·CtJ.e C:i.~OSS f8r-cili3atio::. Speculative1~r

J'his "liC::'c res1.ü·i; L" -the Si".iUJ.·:,2..1100US Üec:'..i:1e ?.nd ageing of :lifferent s:i.~e-i.

'.ac:.::" ....-Ü:.,zJ.S ll::..-~h the feu 'Gut:\; s1.:rvivecl '~ho ovenlilYl; erin..:.; for:s. "0ein::, tI1e
of :rare 0ross,--fe:...·~ilizc- ...-~:i.O:10 •
::;urre1::" V.G. J:i.~.

va~ -':l'l:.:,el. i.: .;~o

rr2..ser J.:1.

-.,. 1
_l.ol. 0 1):'74 Laborc..-i;or~· cuHure cf the 10:.)['.te eteno)hore

'::1'1e")io)ns~'" 'lccrac;"i "~"'ll "1.otes "1. feec:1'n,o:>''.:: ~'..::.._:.;.~. /:.1;)_ . _. -. .. . ..::_ iI __ .J J. -11 _;,:)
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Preda'cio:l ::::- ['.'.'lC: (Ustl.'i:)U'CiOH of :::. cteno ho:ce.
j~~:,1j..oJ2.s.i.s. ~.~~.C;~.j.. i .... J.&,'2.ss~.z. iü t~lC Yor:;:
l~iver' F.s·\;uar~-. :,_,s'cua:L'ine <:'.nd C01.\st;:.l E"..!'i:1e
Science t .. 23:-;' ....:~:.~.
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TAB.L.E 1 SUNHA.RY OI:' CHOICE EXPERD'.El-.'TS

Choice Acartia us. T~ 68 /u us. 250 / u- .
Total O;fi'ereci 550 550 700 700

Total &J.ten 255 290 ~36 41.1

N° observations 14 1'.

• TAIlLE 2 m-G PRODUCTION AT DIFFERM'T 1t~ING REGIMES

Reeirne (Copepods
da;r-1 ) 25 .50 100 200 400 800

Total Copepods

cO!lsumed after

7 days 157 308 515 802 1370 1303

. Total Eggs Produced

after? days 667 .591 769 840 2140 10118

Size (Gut leneth) mal 20 ..8 18.1 19 ..0 20.5 22.3 20.8

•
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