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',., , '. ABSTRACT,

, ..

ra te. Animal a;ti vity, ,tst imat~d trom \i1 ~eat observ ~tioDs, ~xplaiDed 60% ~r

the varia t io~ ~n ' i ngestioD rate for " subset 01 tb.e data but wu-n~t significantly,

,~'-ti,'.- :.;

AppeDdicu~arian population s were· ~bserved . in Logy B~Y I Newroun(tlaD~

over-a "two year.penod io quantity their feeding heh~vior and ' to elucidate their

r~le "iD' energy now "in -e ~ola oeean e.Dviionmeot. Pcputetlcns Were '~b~e~ved to '

nu'etu ~te rapidly in appeJe~t '.response to wied-lndueed enanges.in wBter, maSs
, - ' . ,~~

cb~r~cter,is tics. Very I~rge. individuals ,o~ OikopleiJrtlvanh o:J/eni dominated.ve~~ . '~~

cold waters « O"oC) .wbile warmer waters o SoC)were characterized by bigb-er

densities ~r~ler_ Oikopleur~ 1~·b,.tldori~n8i8 . . " . , ' . ' .

.. Rad i4 ,tiVOIY lab.lIed algae we;. "ed ,to m~"ur; in .it," i. gesticc 'and

. clearan ce tiles of i nd ividu~l . Oikopleuro oV,er a .wide rang e of animal sbes,

' lemp~ratur~ li.nd a~~ eouceutreuons Multiple regression analysl!I
".' .

indicated that a~marbody size [measured as taillengtb) expl~ined ' 11.3% or tbe

variance . in i?gestioD rate ' a~~ 4~~ or the va~iance , in e~ce rate.

Temperature was .DOt .~ significant ver teble, while the biomass ,cODcentr~:tioD ;;C

~hytoplaDkton . <' 2 11m explained ,an additi~naJ 8% or the variati ?D in~elearance .

i
/

/
Oik~p/eu~~ ~oPulation~ wer~ estimated to clear a maximum. or 2%or ~be ~ate//

, ,
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INTRODUCTIO N

Gel.tlnGa. Zooplankton

"Gelati nous zoopiank ton are a heterogeneous assemblage or Iragile, soft-,

bodied m~i~~macroplankton wlJ,icb includ~ th e ~YdrOmedusae• .SCY~PbOmed':lSae; .
. . ' ', I I '

Heteropode , Pteropoda, Thaliacea (salps , doliolidii and pYJ:osomes),Ctenophora",
' I . . . _. " • . .

Siphonoph ora and Append icularia (Alld!edge 1084). Co~leetivefy these organism:'

represent different phyla and span three trophic levels yet share dist.inct
./ .

" cbaraeterist ics cf. struet ure "and funct ion. Most .lL{e Deu~rally buoyant and the

refractive index of thei r tissue is elceetc tbat of seawat er so' that th e'y ar e Dear\)'

. transpare~i (Alldredge and Madin 1082).

Gelatinou s zooplankto? are.delicate and are orten destroyed w~eD eolleeted

in plankton neta (Hamne r ~~t a1. 1075), a- problem ~h\cb hind ered early

investigationa or-their ecology. and taxonomy . Haraner et al. (1075) not ed that

SCUBA di..~ers could readily _ obser r e aDd capt ure ' several kinds ,of these .

'zooplankton in"cont~i.nen without ~amaging.th~m. Subsequent in ,i~u studies on

appendicularians (AJIdu~., 10.7~~' 1077,1081 ; King 1081 ~ and salps (Madin U174,

Mullin ' 1083)~using ' SCtJBA baV'e resulted in a better understanding of the

abundance and im·porJ.ance or tbeee gelatinous consumers, in neriti c .eed open
. ,r'

ocean communities. .
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r Tbe App,.d,,"I.d..... 01';" or ' t'~PO I"like .~'(".~ 1i'li'·V.'d to b~
evolve?rrom the larvae or bottom dwelling ascid~an~ (~enaJx 1\67). ~6st species

.or tbe 'f~mily Oi~opleuridae U~e~!.tbiD a inucou~ house wi~~ t~o setS'ot fi~te,s: a

~;~~e ~Dcu_r~ent. rut4;r\vbic~ screens out ' large p&rticl~ f > '"": 30 11m) and a n~er

-I ' inner ;'teeding Iilter able ' to re,tain particles . < ,I sm in . diameter (FI?"d

1018.I081;Fig. 1)' . Henc~, ·append icuia~i i..ns are able-to con;~me hi~YiProd~clive : '

uanoplenktcn and I>acterioplankton{Hallegfaet 1~8Icl<i~g 1)81); r~d aOurc~' too

small tor e!'ricient, consumption by setoee ~pend~g~reeding copepOds (Boyd

r
I

.'/ .

. 1076). •
. \ ... . "

It , baa. been hypothesized tbat nencplacktcn-besed -fccd chains 'are less'

emcient tban tbose' based 'o~ n~an~n b:cause 'tbe lorme; req~ire one -or'two:
. . . :.to :

additional trophic level transfers lor energy to 'reach'higber ecnsumera luch .as rlSh. I ' . .. .
(Ry,th:r 1~69), Appen~ular.ians may,,\~~y an imp.~rta,d.t, roie iD, ~:riDe 'food

cbai~ by providing,'a more direct link. between ~b~ lo~er ,and ~!~be,r tropb;~

levels. AppeDdit:u~riaDs aD~ their bou§~ are"an im~rta~t food tor .- variety at

fish: Oikop/~ur4 dioictJ is red upon by luval plaice (Pf;uronulu p/~t,..tI).,. . . , .
~and1~1s . (Amm~dll.te" ~pp.J (S.1i,lbo"rne t06.:. R,i••dIO.'); no!ij,~.~ a.d tb, '

plan~nii: larvae of both eemmeretel and uoa-eommercial fbb in tbe ~or~b Sea

(Laat i07S). .

. ,0, . •

.' .
.... .'... ..
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Figure I : 0 1kopleura 8""p . wit hin ~8 gelatino'us hO U8~ .
- . ( photo. courtesy of R. Hooper'>
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Members 0' the 'amH,o-Oikopleuridae have been observed to re~h 'densities

exceeding 30 animal!! per litre (Seki 1073), with maximum densities 0' 3,565 per.

litre" in parallel surface windrows during spa~ning 0' Oikopleura lon gi~~~da

(A1ldre,dge 1082). The h"ighconcentt at ions and Ieeding ra tes 0' app endicularians.. ''\. .

(Pa"enho'er 1076, Alldredge 1081, King H18l) imply a , significant impact ,on

phytoplaDk~o populations (Alldredge 10SI).

The object of the present study Was to aeter~ine in ,itu elearenee rat es of

cold-ocean appendicularians to examine. both their pOtential feed ing impact 0 0

pbyto~,lankton the ir r~le' in energy~ to higber . trophic levels in coastai­

Newfoundlandlwaters. • . ' .

T he Organism

The appendi cl;llarian body (Fig.2) cOD.sists of a trunk , which contains all

major organs including the reproductive and digestive syst ems, and an elongate

muscular tail (Alldredge HI76a). The tail is thin and nat witb a noto~hord

running longitud inally down i ts center (~ldredge 1076a). The digestive ,tract

cOnsists of ~ mou th, buccal glands, pharyox, cescpbsgu e, stomach (I ,or 2 10J.led),

intestine and a rectum which open~ ~~ntrally (Fras~r 1082) .

A feeding ~urrent ' is mainta ined hy the si,nusoidal beating of the tail, the

action of which draws water and food ~rtiCl~ into the house through' tbe .:,'\.
. ' .

incuruot tilters and internal feeding filters. The action o f ciliated spiracles draws.

~ollected food, particles tbr~ugh th.e mouth and into the pbarynx as -the ani~ai

feeds. The endosty le near tb~ mouth .secretes mucus to form a funnel.s~8ped

pharyngeal eer to which food pariiHes adhere , and ·which extend s post~r iorly
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} FiRure 2: The lhvaeean hody (mo dified ft'o lll Carlisle 1979) !
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Structare and Fundlon or: the Larvacea.n House

' ,1 towards ,the oesophagus (Jorgensen lOBar The heart is lee..ted vent ; ..II)' while

.the large gonad s ire situated posteriorly ,

With the exceptiop 01 the diceelcusOikopl~ura 4io"iC,4, appe ndiculari ans are

reportedly' simultaneo us herm aphrodit es as indicat ed by observati on9 01 O.
. A

longicauda (Alldredge 1082). Animals die 900n atL~r spa"Ming because r;llmele-

release requir es ruptu ring or the body wall (Alldredge 1082), Animal development

is direct. (G ~lt i072) and juveniles bu ild their first ,house witbi,n'12 to 20 hours 01

fertili z~ti~n (Palre~hore! 1973, Fenau x 1076), Body size ineeeeses exponent ially

ih ro'ughout ~09t ot _the animal's lite (King et el. lOBO)-and animAls are sexually

, ma ture' !"nd, ready to spawn' ,within 5 ,to 21. da! s arte' h alehi~g. depending ·upon

spec ies and tempera tu re (Alldredge and Madin 1082)1 Higb fecundity and gro~tb

rat es, a shor t generation t ime end an errieient fiI~riDg system sbould enable

appendi cular ians 'to r~pond rap idly to sudden inAiases hi lood supply (Alldredg~
and Madin 1082),

.)

, ~ .
Members or th e lami lY"Olkopleuridae reed ~ithlD a roughl spherical

m~cou. 'house' (LohmaDn 1800) composed or, proteins eed mucopol saccharidCl

[Kerner 1052, "'Ig, 1) The house LS' secreted around" the animal , pcd ahzed

~ikopll.$t epilbeliu~ loca~ed en the .i runk (AJldredge 1017, Fenau 1071), ThiJ

epitbeUum is· dill erenttmd lute Fcl'e and ' Elicq.', oikoplast w~ eb secrete -tbe

· \
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feediogand incurreD!filten respectively-(LohmanD 1800). Housesize varies with

sped !:! aDd aDlmal JIle (AJldredge 1076b, 1077); Fenaux sa d Hlrel (1972)

suggested that the house volume of Oikopleuro dioica was typ ically 300x th at tit

the d'UBk volume.

rrbehousebas three' maio (unctions: I .
15 . It containl thl ra..sbg tiltan .hich lor. j••••Dt1&1 for-

", ..d111& b.ea.1I IDOT'III.nt. of thl tan dr... .....,..r tllroush
the cOllplez: tiltan wbich CODclntrata phytoplanktoD. for
trulport" to thl laOutb. (Alldredg, 1lI7e.). , ••4111g bah.,ior
baa Dot bUll ob••"ed~ occur olltlid, t.h' hou •• (Calt 1972) .

· 2) . It .Inu. to protlct tb ~1iil· fro. pot-utial pr.doltoor.
nch a. chaatoeilath. an4 _dn••• ·.hich ' CaDDot -..1117
break throulh thl ..11 of thl hon.. (0.110 ,1872) .

3) "I t 10110.. th. aD1...l to . achl,.. D,.tni ".
bu010c1. ADlaal. without h~u,,, an forc,d ' t.o
iliA to aToU liuinS. wbU. tho •• in

. hou••• _iat.aia t.heir podtioD 1• .the w.t.er cOl~
~n" ...h~Q. t.hdr t.il.a~ aot. lIlodal CAlldndg. 19~15.• ) .

. During ~be time tha t an appendicul~ian re~ds within one house, it ,ecretes

:--another which is carried in a ecllepsed rorrn again~t the truD~ '(FeDaux 1976). A

",bouse m....' be discarded when it beecmeeelcgged with par t ic1e9; [Alldredge 1977)

Dr as a eeepcuse to disturban ce or predators (Lohma!lo : lO~k' SilDs_itiYi~Y to. .

physical dlsturbenee varies:widely' (Alldredge 1977, observa ti oDshi thisswd y). ,In,

, ' ni~t spe~ies, the escaping a~ima1 rorceruny breaks ,t illous!. .tbe wall or the house'

IAlldllldge,1976b) rather tban through ea.exlt struetute '(Lo hmanD 1000). H ouse

ab'a~~onment b fo llowed by .rap id sWi~~iDg .towar.d; ~h.e surrace wh'ere t~e,
animal begins a series or complex cartwheel and ~iDusoldal rnctions to i~n~te the. " ,". ' , .

•<1., '

.. ,;.. ...."
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Dew house (Galt 1012, Feneux 10?6). a process which may be completed in less

' than two minutes (this.study).

Discarded houses ar~ rich in carboD; housesof O. dioica bave been observed

to have as many as 40,~50,OOO livi~g pbytopJan\ton cells trapped on the filte,n

and walls (Alldredge and Madia - 1.082). The sink"ing rates of bouse! are higher

tban those of io_dividual oanoplankton ~ls, thus hastening the nux of surface

particulate matter to deeper water (Alldredge end Madin 1082). While many'

houses-der~pelagi~ dePt~s (Silver....&nd Alldredge1081), their slow sicking

, rate (about so m per day) ~Dd eonsumptio~ by organisms}n the....water column

roakes them a. impor••• t ·c..tributo; ~ nutrient reeyell•• i. tr?pieal ,u,..e

waters (Alldredge .&odMadin 1082). . ..
"

... Tb·~ · Filtering Meehulsm

. FUtration in larvaceans is a si ~e-dependeDt proces.s .'b~ed O.Dthe structure of

both , the -ineurrent and feeding ' filters. I~. study of .seven species of

~ppendicularia~~ (Alldredge ~977), minimum pore wi4th of the incurrent filten
. - -~ "

varied from ,13 to 54 em, Particles l,!rger than these ~Gle dimensions (such, as

most diatoms and large dinonagellatesl were trapped on the ineurrent filters'~nd

did not enter the house. The ,incurre~t filters appear to' protect tbe feeding filter. .
from premJture clogging by large or spinous particles, ena~ling the bouse to be

used longer ~efore . abandQ.llm~Dt (Deibel et ~I. 19S?). Transmission electron

m!;rographs of the feeding filter 'of O. dioica (trunk letlS\bs averaging 1.0 mm,
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AJldudCt 1081) reve.l~ a mug pore size of 0.24 x 0.07 11m, enabliDl the animal. .

to rela iD particles ''; 'mall IS 0.1 ,111m iD diame·t.er (Flood lOS1). The filt~r
~ .~

co~~bl~ or • fine and uJUlar netw ork of filameolS 0.01 to 0:04 ,11 m th ick wit h .

90% open area ' lF~ l081~). ,King (l D81) iDdic~ted th at the reedibg filter or o.

dioies can r~teria-~ize partic les, but at • low errlCieocy. Current work

5uglesLs that it is ,tbe pharYDlul mueoua eer which ~ltimatel1 dete rmines. th e _

rd eDtmn erricieDc)' lor aman p~~icles (Jorr;e~D 1084; Deibel ~ prep .].

Oikopitur'o "vanhoe/lcni, a common species in Newfoundland waten , has
. . . ' : .." . ". . ' .

ODe onh~ largest iueurrent filter pore slaeere pcrted reirany oikopleurid (c&. 169 x

88 lIm) and ' is capable or ingesting large part icles sucb as siliconagellat es,

" dinonageliates, a~d ;bol.1¥ uo.i.c~lJu~~r and cbain-formins: diatOms with spines [l.e.

, Chdd()(t~. sp.; 'Deib.el, and Tur ner 1085). The reeding filter of O. IXlnhoel/eni

(t runk length, from i.s io 2.5 miD) 'has mean pore di"ensioDs of 1.04 x 0.22 sm

with 01% open uu. (Fig. 3; Deibel et aI. 1085). Th~ I~ge porosity permits tbis."

olko~l;urid to process 1&11~ volumes or wa~r per ll'D i~i~e, while tbe pbar)'nge~
. filter net (with a ,'maller .surface area; Fil . 2) siel'es only a fraction of the w"ter

taken mto the ' bouse {Jorgensen IV84J and eoD~eDtrates the 'remaminl f~

'5U~pension for subsequent. ingestion (Deibel et aI. 1085):

Filter fiber ~idth iJ import ant wbell~ t;,onsidering tbe ertid ency of .fiIter

re'edi~r. '. Flow patt erns around a fiber may be altered by tb; pr esence of

neigbborinl fibers as well as by particle accumulation, resulting in struct ura l

. cbanges in tbe filter 'and increased resistance to Row due to the reduction in
. ..
. percentase Dr 'Open ,area (Rubenstein and Koebl UI77). Flood (1078) suggested

. S _ ',tha t ,small reet~Dgula~' !'l esbes combined witb a luge percent open area del~y

,..-
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Figure 3:. Tunamhl10n dee;troD lii crograph of feeding filter
----.e,h showing the Ipl,tilt or1enutlon of lllUCOUS

fiber._ (Deibel fit 11'. I 1985-'
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clogging of the feedlng filter because partitles e e- unlikely .to enter-the pores

- - without 'being able to penetrate tbrough them. Wallace and Mal~ (1976) have

shown that rectil inea.r arr;YS--of fine fibers are the most -energy~elfieient way rdr

an org a nism to retain small particles. Tr!J)sm isllion electron microseopi':(TEM)

has reve~d:lbat the fine, ~ueous feeding filter 0-,'0. tJ(Jnhoelfeni iseompcsed of
, .~' , . '

three types , of fibe~: ·smooth fibers- , '-nodulat,:d fibe rs- and .errrall

'mierofibers- . Smooth and nodulaied fibers "measured 40 nm in dia.m eter 'and

microfibers wereaboutll2 nm in diameter [Deibel et el . 1085). 1.:he ultrastructur ! . ~'_

. of t~e feeding filter of C? lJ(Jnhoelleni was similar to tbat of smaller o ikopleur ids
. . .

from warmer waters, althoug~SiZe:s difrered (Deibel et el, 10~1. •

The feeding filter is a complex, three-dimen sional structl1r e (Figs.4 and 5) in

t~e (arm of tw~ curved wings connected alon g one edge (Alld}edge 1(77). Tbe

wings jo~n at a median chann el which~onneds to tb~ moutb by a ho'Bow buccal

tube (Fig , 48.; Alldredge 1977) . Fol (1872) stated tbat append icularia n s direc tly

ingest food·containing water; bu t, Lohmann (1800, 19(0) obser ved that the 'filters

concen t rate food particles before water en ters the mouth . Kor n er (19521

suggest ed that the ree~ing filt~r was composed or a · 'Ven~ral and dorsal layer or

parallel tubes while Fjerdingstad (cited in JorgeDseo Ig88) maint ained that the

reeding filter of Oikopleura sp. consist ed or three ..pera llelmem breees 's a ndwich ed

to for-m two s lit-like chambers with t.be iD~ermeai'te membran e beiog porous ~

water '{pore size of 0.8 x l#,m j Fig. 4b), T hese me.mbrA~es are corrugated,

' increasing the eurreee atea av'ailable .!o r particl e cobeetioD (Flood 1078), Tb~

ecenigated rolds run parallel to each other and ~on tain thick fibres which are
"

perpendic ul,ar to thioDer fibres . ,Fjerd inp tad proposed that particle-laden wa~r ,-
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nowin~ into the dOI'llILI chambei1:ou~d pass.through the porous.central membrane

leavingall burthe smallestparticlestrIPped in ~he dorsal'chamber.

Alldredge (I075.J"p77) has proposed. a?' p.lteniate d~cription of food and '

.water movement basedon a two-membrane feMing"filter. Particle-ladenwater is
. \ ,. "

drawn.through.the i~current filtersand into the houseby sinusoidal. movements of

the tail, which is co~tained within a chamber separate irom the rest of the bouse

(King io~1). .This tail passageconnectsthe incurrent fi~tel'9 with the base of. the

internal feeding"fiIter tAlIdr~dge 1077; Fig. 5). Water nows simultaneously up
, . "

both edgesof tbe archedwingto its apex, then,down the corrugationsof the filter. \ " . . . .
, w~er~ ~ood particl.flS .coll ect ' o~n the muc?uswalls of the membranes..Particles are

~ucked.in~ :th~ ~ediaD channel of the feedingfilter and dOWD the ~uc.cal .tube to

• tb.e ino~th " by the action of cilia in the spiracles ~ithi~ the appendiculariaa 's; :

trunks (A1ldr~dge, I07~). Tb~ animal may exhibit some partlcl~ selectivity and

rejeeL food particles"bY, reversi~g the Cil~'~ .yebeat in :esponse to tactii~ -Stimulation .

of the lower lip (Galt aDd,M~kie urn Once in the mouth, rohd material and.
.~~!-!: :.. , - . . " .

associated mucus afe transported hy the cilia of the epipharynx to the oesophagus

an~ into the stomach, (Alldredge 1077.}. Water~ba"~. ~as passed through the

/ !eeding filter ~ retai~ed within the" inner ho:use membrane and expelled.through

', an excurrent opening I~ate~ at the poeterlcr end ortha medi~n cbannel

(Alldredge10:7 , King 1081j fig. S). ,

, F~ediDg filters tend to ~naps:e .in histological solutions"makiDg it difficult. to

deteemlne the exact Dumber and arrangement of "membr~Des (Flood 1078).

Recent wori with rhodamin~ dyee, finely powdered graphite .end 18ochryai,

gtIlbanllh~;t,.o';"D the feedingfilter to be composed01three layers, (unctioniD;~ ,

. . . ~ .~, - . ,~~' '.
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Figllr'e , S,: SC'~~llIat1C d18gUI/I : 'Of fOO) a~d wster ecvement. t~;OUgh the

boUSe ot 01kopleura lOiJ (Alldr ed ge. 1975 , 1977) .
' . 'J ' .. .

. ~

,
" ~

--'



~

/.

I

I·

I,.
"

---.-to WAlEAII1.0WotI.Y,

(



20

a low velocity sieve. Water is Ioreed through both the doiul and ventral layers

at a low now rate, while the ecneeatreted particles proc;ed to the mouth

suspend~d in the bulk'\ now or the remaining water (Deibel, in prep.). The food'

particles are Dol -trapped- on the feeding Iilter , but "merely concentrated by it.

This highly e~r:~i enl meebaetsm would allow the anim~1 to maintain a high now

per unit time ~'itb redu ced dogging or tb~ ~lters (Deibel et ~1. 108S). '

F~edlDg Rate. of Gelatlno'lie Zoopla~ktoD

oj

. .. . . . ~

The rates at which suspension reedersdear ,the water ot suspended particles

.~'\ have 'been d~teJ'imiDed CDi' many: '~elati~ous ' Z~Pla~ktOD incl~di~g ~tenopbore9
. . '(Reeve 19BO), salps (Harbison and Gilmer lil76~ Deibel 1082, M'ullin 1083, Madin

and CeUa · 1.g8~, Deibel 1085a), doliolids (Dei~el U182) and appendi cularians

(Parrenhoter 1076, King et al. 1080; Alldredge 1081, King HISI) using a varie ty of
c .. t. . . '

techniques ~nd ov~r a wide range ot particle concentrations. Studies of

appe~4icularian feedi~g are complicated by the (act that the delicate gelatinous

houses are easiiy destroyed by traditional zooplankton collection techniques such

as plankton tows. Food particles are concentrated on both the in~ern,al and

exter~· surfaces or the house; thus particles wb~ch are not actually consumed bi

the animal may coiled -al! over the external surfa~e of the house and consequently

still be removed from suspe~~sion (Alldredge lOSf).

In this study, the term ~tal c1earanc~ rat~ -rrCR), will be used to designate'

the rate of labelled food collection by both the animal and the house, wbile."ni!Dal '



/

. .. 21

.d earance rate (ACRI, will represent the rate or eolleeuoa 01.partic les by -the

animal .Ione . Both rates will be expressed as the equivalent v~lllme or water

cleared of labelled part icles per unit t.ime. ' Direct' comparison of feeding data is

dirricul .t . because audio" bave employed various rood,suspensioDs aad procedures

at difrerenf temp~rature$. Furthermore, feeding studi~ oD,:tppendiculariaoshave

bee n limited to two warm water species, O. di?ica (Partenboerer 1976, King et

al. ,198O" Alldredge IDS. , lGog 1981) and Stegluor1l1J magnum (Alldredge 19S1),

mak ing it dirricult to extrapOlat e and compare these dat a to cold ocean

ecnditions.

; Cleerseee rates ~or O. dial'co have been eeleuteted .at .ias-c in' ~be .. , . ,

laboratory using visual estimates or the number or ' appendicularians per
. . . " . ~

experimental chamb.er and a Coult er Count er to deter~ine t~e rate of decrease in

the numb~r of 'cells pei' mi of rood suspension (Parrenborer . lQ76). On the

assumption/bat cell 'breakage and actual cell shape did not bias his cell counts

(which could result in underestimation or· clearing rates) Parrenbo~er (1976)

conclud~ that clearance rate w,as not inhibited by increased rood cpnc,entrati ons

at naturally occurr ing pbytop&'nkton densities in the North Sea. His data appear

Dot to support this concl~sion . h0't'ever. King (lOSl) fed 0, diaico 3H.lab~l1ed

oatural essemblegee or marine bacteria under laboratory condit ions and also

concluded that ingestion and total clearance rales were ~dependent of.

nanoph!~planktoD cODC'entrations ranging from < 40 pg el l to > 100 pg CIt ·

Alldredge (19,~1) cODdticte~ all. in ~ itu warm water study whereby single

appendicularians (0 . diaico and Slega.omamagnum) were captured in lndlvidual

co~tainet8 co~taiDiDg ambient food concentr.ations and inert tracers in ,the form or

/"
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readily .countable plutie ' beads. She coneluded that maximum populat ion

d ensities 01 a~p!DdieqlariaDS exerted significant leediol p~essure ;tl Datunl rood

assemblageSever relatively (,OD5LaD~ part iculate food toncenlr . tioos. Few studies

han concurreolly assessed both reli onal dittUfDces in feeding rates 01

apP~D~iculari&D sp«ia and the ecmplex dyumic:s or eoviroDmenlal u ri.bles

, rredinl both gr~ler and rood populati ons (King 1081)." Severa l studies bave

examined the erred, 01 temperature and rood concenlratio n aD l~e_powth · .nd

. de velopmen t of O. dioictJ (Parrenholer 1978, Gorsky lOgo, King 1081) but Dooe

. bave dealt specifically with the errect! OD ingestion and clearance rates , using a

single technique over a wide range 'or these environmental parameters.

Hence, :the object 01 tb~ ttudy was to. deter£ine in .iJ u ·e1earance r~les or
. ' .

eold-ceeae eppendieuletl eue .using , .a radi oaciive tracer technique . Com.bining

lthese rates ";"ith: properties or the org anbms , environ~enta1 variables and

est i.mates or appendicularian and ambient ~by~plank ton densi ties will provide

insigbt intO both the potent ial feeding impact of then zooplank ton in coutal

Newfoun dland waten and their rC!le i~ energy traosfe r to bigher tr opbic levels,

j
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Methods and' Materials

Field Methods

Stud, Site

In ,illJ ~easurements_ ~r. appendicularian feeding rates were-in'a~e at Logy

'Bay (47° 31'N,52°. 40'W) near St., John's On the AVaJoD,P~niDst1la, Newfoundland

(Fig. 6). ' Dive sites raDg~ in dep~~ Irom'"",.to lo 'meters>~h-~ m~J~rity or

measurements were made at site #1 ..with a bottom depth of ...,..5 mete rs.

Udvardy (IOS4) reported that coastal !It~tiOD' east DC New't~u~~nand
,)'

contained a ' mixed appendicularian launa 01 both OikoplelJftJ ~ii.hoelleni

(Lohmann) and Oikopfeura la6radonen'I" (Lobmano). According to Tbomps;on

and. Frost (1036), O. vanhoef/eni is -an indicator 01 cold water or o"~ pure eeetie­

origin and O. Idbradori.enli. is characteristic or ll1ixed . co ld. temperat~ . waters of

the northern ceeens .. . The majority 01 feediDi experiments were made on O.-wnhoel/eRl' u . it was the most. abundant during 'the sampling seasOD, and e~e 01

observation wee facilitated by its lar~e size 'and the bright .red ~ail . plgmeDtatioD .

"
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DeslgD and Manipulation ot the Experimental C ham ben

Feeding experiments were~nducted in plexiglass chambul (Fig . 7) similar .

in design .tc those 'of Alldredge (lOSt ). Th e chambers were or two sizes with

J dia meters of 11.1 and 1,;J.7 .em and volumes of cueand two. liters respective ly.

T wo d ocks in a water tight ease were att ached to th e interior wall of .the upper

part 01 each chamber to facilitate in 'U n -timing of ' the feeding. period and

observations of animal ~c~iVitY . A tbree-waycvelve permitte d atta~bmeDt of a 5

ml syr inge Iordelivery o~tbe -radioa.e t ivec f09d.suspension to the feeding chamber.

Follo..ying· addition of the food suspensi'~n ; the two 50 ml syringes ~ere alternately"

filled to erred mixing inside th e chamber.----R-tthber stoppers com pletely ' sealed the

ehembe rs during the feeding expeelmeate.

, Preparation and Malnt1man ce orA lgal Food Su spension

. "
Sctn tdtBm UB q.uodn.oudo (MUN st.ock algal euttur e #008) was selected for

the in _ ~ ilu feeding stud i~ because the cells have ~n average"diametei of ... s m,

which Is witb in the ingestible size range of app endlculerla ns (Alldredge 19~1), and

grow well in culture as unicells without clumping. Thecells have a bigh ertic.iency

of rad ioactive label incorporation and did not leach rad.io~ct ivity to the seawater

filtered samples.

during the in sil u incubation as demonstra ted by comparison of.whole water and

.t.
\

Unialgal cUI~rres ~.,e grown in st.oppere~ 500 ml gl&.!l! nub contai ning

Bold's Basal medium~:(Stein 1$73) which produced carbon-limited growt h, thereby
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- - - (to · maintain unicellular growth) on a 12:12 photoperiod under cool white

Ilucresceat illumination at 25~C.

For radioisotope lab!!lIing, algal culture in stationary growth phase (........4 x

106 cells/mit ,was -drewn into a 50 ml plastic syringe and . purged of inorganic

carbon by aci~ification to pH 3.5 'w!tb O.I N HCL -(Holt by and Kuoechel HI81) .

Air' was d~awn into the ~yringe which was tben shaken i .ently to promote release

of dj,solved carbon dioxide. This process was repeated six times. and then the ;

medium 'in the syringe was : estored to it, initial' pH of 10.0.11.0 byaddi~g O.lN

NaOH".Either 20,or ?oo pqI or'd issolved NaJ-I l 4C0 3 were added and the syringe

.wu- placed on a sbaker table and -maintained yder ' the~'I~rae light and

temperature regime as the unlabelled algal cultures. Isotope incorporati on ranged

from 00.05% as determined by comparison of radioactivity 9f acidified and noo-

acidified subsamples.

(

F ield Prceeduree

"
FeedlDI Trial.

.'

For e8ch ~~ediog trial, aSC~A diver gently captur ed a single -animal in its

b ouse"in an open"feeding ch.amb{~ (Fig. 71 ~hich' was then ~toppered and brought

near the 'surface. ~bor~ personnel then handed ~he diver a 5 ml syringe containing

..



1-2 mls of tbe l,bel1ed food !ulpen!ion. The diver added the food throulh the- .
three way valve and alternately filled the two 50 ml. !yrinle$ to effect mixing

• °

within the feeding chamber . . The chamber! were ,uspe~dtd .near the 'bottom fo~

the designat ed incubation time. If the animal ~ettisone.d . its house, the feedi~g.

trial w.as....borted. Fe:din g periods ranged from 5 to 20 minutes althoulh most

were for only 10 minutes. Alldredge (1981) noted that fecal pellets were produeed
/ . \ ( - ". . ~ .

in a minimum of 8 minutes in labOra,tory' feeding studies on O. dioictJ at 2SoC.

Similar studies . ad . O. vtJnhoelleni ~t tempen.tures equiv#al.enl- ,to those .

encountered in this study. (ca. ~ l .Oo C~ indicate that rec~1 pellet produ~tioD takes

~n,er at colder tem~eratures (Deibel, pets . comm.)': Tbu" a 10 minute reJdiol

period should avoid loss 01 ingested 14C tracer in fecal pellets.

T~tal,ehamber was haul~d to tbe :'!ffaee by shore'~ersonnel at '

tbe end of the; feeaing period and placed in a plfXiglaa.s bolder 00 tbe wharf .

.Feeding in tbe chamber was .terminated_by. gently prodding ~i aoimal from 'its .

bouse witp a 5 ml .autt'n'tatic pipette with &Q enlarged bore (approx. O.Sem], T,he

animal and house were then collectedseparately with the pipette- aod ·p la~ed· ioto

pre-weighed scintillation vials: A 4, ml water s.ample'was taken from the Ifaling
- ~o

chamber to determine ~be radioactivity of the food suspension in the cbamber.

Hence, after each feeding trial, three sample vials were collected: the aD.im~1 and

essoeieted nu~ drawn up into the ~iPette " wit~ the animal; the houae and

accompanying nuid in the pipette; and tbe <I ml rood sample. Acid Lugol', iodine

W1s used to preserve the samples because this preservative has been' l~uDd to

mlmmiee 'loss of r:dioactivity from .zooplankton fed 14C labelled algae (Holthy

0 · 0

'.

and Kaoeebel Iast]. ~ .o

o, f
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Animal Aetl~lty ObH"atloDI

31 •

. \
T~e possible err~cts cf c~pture an~ enelcsure ~ . th~ animal in the grazing

- J . -
chamber were .ev~uattd by,moniteriDg animal activity prior to ~nd during the

. reeding iDterval. Animal ~ctivity was determined b.y tile number or sinuttridaJ

~~ats 0; the tail per minute' using·the tl ocks arrtX'ed . to .t~'e. chambers. A

nonparametr ic multiple c~mparisons · test (n=34) indicated DO . signiricanJ;

, diUertnces (p' > 0,05) ,hi anilfolal activity_before and ~ter enclosure within ~he

chamber; and before a\! a~ter addition o\th~ algaiau spensioD (p .> 0.05), In

.il., ·observations ind}cated. a hig~ degr.e~ or var iation ,in acti\1ity level between

animals and (or a sin~le animal over time. Movement of the tail drives the wa~e~

into the'h~~e througb the filters, thus varill:~oD in.activ ity' would be expected to

affect reeding ·rates. Hence, (rom March to July '1083, an~al activity .WBs

\ ~qualitatively ranked as being; very .slow(l), slow(2), medium(3), rast(4) and very

-) rut.{S) ror ruture correlation ,,:,ith-reeding rates. .

. (

J
(, .

' ;"



3' I -
Zooplankton ColledlOD

.-
Zooplankton were collected (rom oblique.and horizontal haub using a 30.0 x

30.5 em, 125 sm mesh Nitex net, and preserved with ethanol for laborat:o~y

analys is. ColI~tioDs werenet performed on sampling days when appendicula,ians

were extremely rare (i.e; 4: 11m3 ), a situation which also bamper~d experimental

work. Tempera;ur~ readiog5 and water sa~ples were .taken at depths at .which

anim".1s';ere colJected : 'The water samples were ~reserved with Lugorslodind for

. . subse~ueDt determination' ~r~ambient·Ph~to;lankto~iomass and 0( ' backgrou~d
. ra~ ioactiv ity.

Laboratory Methode

Sample Proctselng

In the 18~ralory r ,each cli'ped ,dntillB:tion vialwu weighed to the nearest
\ ',' " ' " " ' . .

tenth of a gram~ obtain the nuid volume. These 'n~ id volumes ror b:ot~' t.~e ..

a~i. m'\Dll their bouses were used to evalu.ate vari 'l.bilit.y in the radioaet'iV.,. \_ . . ,
' COU~t5 r t.be, labelled rood suspension,and' use,d iD sui?~equent~i)g rate '

calculatiODS (see page 38). Animals were removed Ircm ,the v~~1s and the" vial

contaiDin~ the remaining .nuid' was weighed. Anima\,dimeo.ioDs(FiS. 8) 'were ,,
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