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‘e . ] - ABSTRACT.

Appendiculsl-iu populations were’observed in Logy Bn‘y, Nevivl'oun'dlaml

over a two year penod to quanuly their l'eedmg belmwor and to elucidate their

role in energy flow in-a cold ocean envnronment Populations were observed to

fluet rapidly m pp irer respanse to d

changes.in water, mass
chamcunsucs Very large mdﬁldnsls of Olkopleura urmhu/ feni dominated v;ry
cold waters (< 0°C) while warmer waters (> 8°C) were charactemed by higher
densmas of' asmsller Oukoyleura labrudomnm

Radl actively labelled algae were used to mensuu in_ sily ingestion and
v

* clearance rates of mdlwdu‘nLOtkayleura over a wnde range of animal sizes,

concenlrnuons Multiple regressian.'annly‘sis

indicated that animal body sxze

variance, in ingestion rate and 48% of the variance in ecleardpce rate.

Tempe;nhue was nol a slgmﬁcant varmble, while the lnomass eoncentrsuon of

phytoplankton <2 um plained an additional 8% of the variation in clearunce

rate. Animal activity, estimated from Qil beat abservslions. explained 80% of

the variation in “ingestion rate for a subset of the data but was not significantly

- correlated »}llith temperature, bpdy slze "or ambient food concelnlrgtloni.

Oikopleura populations were estimated to clear a' maximum of 3% of the water

d as tail length) lained 11.3% of the

/




" nearby Coneeption Bay yielded .;feuing‘gstim-m up to 4% per day.

day at observed densities, while literaiufe estimates of densities for
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- INTRODUCTION

Gelatinous Zooplankton &

"Gelati are 8 h ge of [ragile, soft-.

< en : ] . !
bodied maring macyoplankwn which include the Hydromedusae, Scyphomedusne;

Heteropoda, Pteropodn, Thahacea (salps, doliolids and pyrosomes), Ctenophou,

. Siph hy lnd Appéndi (Alldredge 1984). Co]leeuvefy these orgsmsms’

represent dll‘lerenl phyla and span three tropblc levels yet share distinct
-

. characteristics of .structure and function. Most are neulnlly buoyant and the
. refractive index of thelr tissue is close to that of seawater so’that they are nearly

) tnnspnent (Alldredge and Mndm 1982). .

. Gelatinous zooplmkwgn are delicate and are often de;troyed .when collected
in plankton nets (Hamner set al. 1075), N problem which .hindered early
investigations ol":heir ecology‘ and taxonomy. A}hmne_r et al. (1975) noted that
S‘CUBA di_‘./en could readily _ observe and capture several kinds of these

lankton in containers without damaging them. Sub in sity studies on

lppendwulanus (Alld.gedy 1976b, 1977, 1981; King 1981) lnd salps (Msdm 1074

Mulhn 1983) -using' SCUBA hsve resnlted in a better understanding of the

bund. Tati

and i , oI these_

in neritic .and open

ocean communities.




L, 1976).

The Appendicularia are a class 6! tadpole-like nnlsnb belleved to ha'
evolved from the larvae of bottom dwellmg ucldlans (Fena X l(ﬂ) Mésl speclu

of the Iauuly Oxkopleundu hve wnhm a mucous house with two sets or filters: a

coarse incurrent ﬁlur whu:h screens out large particles (> ~ 30 ym) and a nner N

inner fecdmg ﬁlter nble to retum pamclu < .1 pm in dnmetcr (Flood

1078 1981;) an 1). Hence, appendlcu]arnns are nble-m consume hxwy producuve .

lnd‘ toplank

(Hu'lleghef loskj(mg lﬁsl), food sourcu l.oo

small lor‘e‘!'ﬁcient, consumption by setose sf)penddgefeedmg copepods (Boyd

It  has. teen h,v d that lank based 'l‘ood chums are lm

efficient than those based on netpl nnkkm beuuse the former reqmre one or two

addlhonal trophic level transfers for energy to uv:h higher ¢ consumers such as ﬁ:h
(Ryther 1969) Appen&:ulamns may phy an unporgaAt role in mtnne Iood
chaifis by providing ‘s more direct link between u:e lower lnd hlgher trophlc

levels. Appendicularians and thelr honau are an |mportant food for a variety or

fish: O«koplzum dioica is fed upon by lawval plaice (Pleurqnnlu plaleuu),.

plan! nic INVE‘G of both commercial and non’-commercinl fish in ‘the North S?l

(Last 1078). © . 0 - A ;

smdzz (Ammodytes spp.) (Shelb'ourne 19062, Ryiand 1084); flounder and the
3 ek 3

.
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bers of the family-Oikopleuridae have been observed to reach densities

exceeding 30 animals per litre (Seki 1973), with maximum densltm of 3,565 per}

litre in parallel surface wind during spay of Oikopl longica ,J
(Alldredge 1982). The h‘igh concentrations and leeding‘ rates of appcnqicularilns
(Paffenhofer 1976, Alldredge 1981, King 1981) imply \a significant impact on
phywplnnkfon p(‘;p\l]!;ﬁons (Alldredge 1981). L )
The object of the present study was to aeterpine c';n situ clearance rates of
cold-ocean |p|')endiculari‘ays to examine, both their potential feeding impact on
phytoplankton their role in emergy flow to higher trophic levels in coutni/

Newfoundland| waters. * - .

The Organism

The appendicularian body (Fig.2) consists of & trunk;, which contajns all

major organs including the reproductive and digestive systems, and an elongate
muscular tail (Alldredge 1976a). The tail is thin and flat with a not.oflmrd
running longitudinally down ‘its center (Alldredge 1976a). The dig&tive tnct.~
consists of a mouth, buccal glsnds, pharynx, oesophagus, swmnch (Lor2 lobed),
|nl.estme and a reclum which opens ventrally (Fraser 1982).

A feeding current is maintained by the sinusoidal beating of the tail, the
action of which draws water and food Brtii:le; into the house through' the
incur;gnt filters and intermi feeding ﬁlters“ The action of ciliated spiracles draws
.coliected food particles lhréugh the mouth and into the pI;uynx as the animnl‘ )
feeds. The endostyle near t‘h'e mouth secretes muc.u_s to form a funne‘Lsh’sped

pharyngeal net to which food ﬁnr;iéles adhere and ‘which extends posteriorly
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towards the oesophagus (Jorgensen 1966). The heart is located venlr‘nlly while
the large gonads are situated posteriorly.

With the exceptiop of the dicecious Oikopleura digica,

ppendi ians are

reportedly: simull h phrodites as indicated by -observations of O.
longicauda (Alldredge 1982). Animals die soon safter spu\'ﬁ"ing because gamete-
release requires rupturing of the body wall (Alldredge 1982). Animal development

is direct (Galt 1072) and juveniles build their first house within' 12 to 20 hours of

. fertilization (Paffenhofer 1973, Fenaux 1076). Body size increases exponentially.

. t‘hw‘ughout most of the animal’s life (King et al. 1980) and animals are sexually
mature and reudy bo spawn within 5 fo 21 days n{le? hntchmg, depending upon

species md tempernnre (Alldredge and Mndm 1082){ High fecundity and growth

rates, a short generation time And.nn efl’iuent filtering system should _enable. :

appendicuhrims-m‘respond rapidly to sudden in‘euses in food supply (Alldredge/
- and Madin 1082). :

F "

" Structure and Function of' the Larvicgqn House

1 P ~ .
Members of the family Oikopleuridae feed within a roughly spherical
mucous 'house’ (Lobmann 1890) composed of proteins and mucopol saccharides
(K;nncr 1952, Fig. 1). The house issecreted around” the animal specialized

& . .
oikoplast epithelium located on the .trunk (Alldredge 1977, Fenauy 1977). This

epithelium is- differentiated into Fol's and 'Eisen's oikoplast which secrete the -

/

-
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feeding and incurrent filters respectively- (Lohmann 180.9). House size varies with
species and animal size (Alldredge 1976b, 1977); Fenaux and Hirel ('1072)‘

suggested that the house volume of Oikopleura dioica was typically 300 x that bf

the trunk volume. .

\The house has three main functions:

1) . It contains the feeding filters which a
feeding because movement of the tail dras
_the complex filters which concentrate phytoplankton for
transport to the mouth (Alldredge 1976a). Feeding behavior
bas mot been observed to occur outside the house (Galt 1972).

2) ‘It serves.to protect the anisgl fron potential predators
such as chaetogiaths and medu which' cannot - easily
break through the wall of the house (0-1\’.‘“72).

3) ‘It allows the apimal to schieve neutral - 5 -
buoyancy. Animals without houses are forced to
svim to avoid sinking, while “thoss in
- houses maintain their position in the water column
Qeven when their tails are not moving (Alldredge 1976a).

During the time that an appendicularian feeds within one house, it gecretes

~another whick; is carried-in a8 coi]apsed ‘OI"Ii:I sgainst the trunk (Fenaux 1976). A

- house may be discardéd when it becomes clo;ge\‘i with particles (Alldredge 1977)

or as a response to disturbance or predators (Lohmann 1909) : Sensitivity to
physlell dlshlrbnnce varies widely (Alldredge 1077, obuervanons in this study). In
most species, the escaping animal forcefully breaks thmugh the wall of the house.
(Alldrsdge 1076b) rather than through an.exit structute (Lobmann 1909). House

abaudonment is followed by rapid swimming towards tile surface wh‘ere the

_ animal begins a seriés of complex cartwheel and sinusoidal motions to inflate the




’
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.
new house (Galt 1972, Fenaux 19’[6). a process which may be completed in less

‘than two minutes (this study). -

Discarded houses are rich in carbon; houses of O. dioica have been observed
to have as many as 40,000-50,000 living phytoplankton cells trapped on the filters
and walls (Alldredge and Madin. 1982). The sinking rates of houses are higher

than those of individual lank cells thus h ing the flux of surface

particulate matter to deepex water (A]ldred;e and Mldln 1982). While many.
houses'do ram}opehgc depths (Sr.lver and Mldredge 1981), their slow smkmg

rate (nbout 50 m per day) and eons\lmphun by orglmsms in the Water column

makes ‘them an important ct)nmbuuir to nutrient recycling in tropncnl su‘sce

waters (All‘dredgevand Madin 1082).
’ ;
LA

The Fllcerlng' Mechanism

" Filtration in larvaceans is a size-dependent procm“bﬁed on the structure of

.both the -incurrent and feeding.ﬁ]ters In a study of seven species of

nppendlcnlnmns (Alldredge 1977), minimum pore wxdth of the incurrent filters
varied from 13 to 54 pm.. Particles larger than these pote dlmenslous (such ns.
most diatoms and large dinoflagellates) were tnpped on the incurrent filters'; lnd
did pot enter the house. The. mcurrent filters appear to protect the feeding ﬁlter
from premature clogging by large or spinous particles, enabling the house to be
used longer l?e[ore»ahsndqnmgnt (Deibel et lllx 198§), Transmission electron

-
micrographs of the feeding filter of O. dioica (trunk lengths averaging 1.0 mm,




N

Alldredge 1981) revealed a mean pore size of 0.24 x 0.07 ym, ennbﬁni the animal

to retain particles ‘as small as 0.1 ym in diameter (Flood ‘1‘081). The filter
:om‘islell_ Of‘l fine and regular network of filaments 0.01 to 6.04 pm thick with -
90% open area (Flood lﬂsl) ,Ki‘" (1981) indicated that the feeding filter of O.
dioica can retain bacteria-size particles, but at s low ;frmiency. Current work
suggests that it is vthe pharyngeal mucous net which _ultimtuly determines. the 2
retention efficiency for small particles (Jorgensen 1984; Deibel in prep.). -
) Oikopleura banhqe!/eni. l common species in Newfoundland w;ﬂur.u, h;a
oﬁe of-the largest -incu:rnnl'ﬁlter pore siz‘u‘repo'md for any uiképlellrid (ca. 169 x

88 um) and is cnpnl;le of ingesting large particles such as sﬂiéoﬂngellnt,

dinoflageliates, and-botly unicellular and chain-forming diatoms with spines (i.c.
Chd’eloceru sp., .Deibgl and Tm;ner. 1085-). The feeding filter of O. wnl;ae [ feni
(uun.k lengths from 1.5 to 2.5 mm) has mean pore dimensions of 1.04 x 0.22 sm
with 91% open area (Fig. 3; Deibel et al. 1985). Thl‘s\nlgp porosiiy permits th'vm;'
oi.kople‘nrid To process large volumes of vuter per unit\ﬁn.w. while the pharyngeal
filter net (with a smaller surface area; Fig.'z) sieves only a fraction of the water
taken into the house (J 1984) and ce the ining food

for sub i ion (Deibel et al. 1985)." 5 4 .

Filler fiber width is imp whem considering the efficiency of filter
feeding. | Flow ;umrns around a fiber may be altered by the presence of
neighboring fibers as well as by particle accumulation, resulting in structural
changes in the filter 'and increased resistance to flow due to the reduction in
percentage n{-open .area (Rubenstein and Koehl 1977). Flood (1978) su;iuﬁed

5- that small rectangular meshes combined with a large percent open area delay
. .
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a
clogging of the feeding filter because particles are unlikely to enterthe pores
without Iheing able to penetrate through themn. Wallace snd Malss (1976) have

shown that rectilinear m‘a;s\ of fine fibers are the most energy-efficient way for

an orgn.msm to retain smnll particles.  Tra) _psmlssmn electron micioscopy (TEM)

has reve‘ﬂe 'that the ﬁn! mucous feeding filter of O. wanhoeffeni is composed of

PR *
three typu of ﬁbers *smooth fibers®, “*nodulated fibers® and .small .

*microfibers®. Smpot[z and nodulated fibers ‘messured 40 nm in diameter \and .

microfibers were sbout?12 bm in dismeter (Deibel et al. 1085). The ultrastructure

* of the feeéing filter of O. vanihoeffeni was similar to that of smaller oikopleurids

from warmer wate‘rs, althoigh hsizs differed (Deibel el nl.v 1985).

‘The feeding filter is a complex, tl;reedimensional structyre (‘Fig:“.d and 5) in
the form of two curved wings connected along one e‘dge (Alld‘redge 1977). The
wings join at a median channel which:fonnects to thé mouth by a h(;llow buceal

tube (Fig. 4a; Alldredge 1977). Fol (1872) stated that appendicularians directly

ingest food ining water; but, Loh (1899, 1909) observed that the filters
concentrate food particles before water enters the mouth. Korner (1952)

suggested that the feeding filter was composed of a-ventral and dorsal layer of

parallel tubes while Fjerdi ad (cited in Jorg 1966) intained that the
feeding filter of Oikopleura sp. consisted of three parallel membranes ‘sandwiched
to form two slit-like chambers with the intermediste membrane being porous to

water ‘(pore size of 0.8 x lum; Fig. db). These membranes sre corrugated,

‘increasing the surface area availsble for particle collection (Flood 1978). The

corrigated f’o!ds run parallel to each other and ¢ontain thick fibres which are

perpendicular to thinmer fibres. Fjerdingstad proposed that particle-laden water







»
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flowm; into the dorsal chambe?would pass through the porous.central membrane
leaving all but'the smsllmt pnhcles Lr;pped in the dorsal-chamber.

Alldredge (1975,1977) bas proposed an alternate description of food and’

leéding’ﬁlter lsnnicl&luden water is

_water e lmed onat
drawn tl‘uough the |ncurrent ﬁlters and into the house by sinusoidal movemenu of

the tail, wlneh is contained w:thm a chamber sepnrate from the rest of the house

(King 1081). This tail passage connects the incurrent filters with the base ol the

'internnl feeding filter (Alldredge 1977; Fig. 5). Water flows iilnlgltanéously up

both edges 'ol the mchegl. wing to its apex, then,down the corrugations of the filter $
'Lwhexe food particles ‘c\éllzct’op the mucous walls of the membranes. -Prticles are Fow v /
‘u'cked,iny.o:tix‘.e median channel of the feeding filter and down the Pucca[ tube to s '
dthe mouth. by th‘e action of cilia in the spiracles within the appendicularian’s »

trunks (Alldredge, 1975). The animal may exhibit some particle selectivity and

reject food’pnrticlaﬂby rever;ing the eili‘fy‘lieat m response to tactile ‘s‘timnlnti’on'

\

of the lower lip (Galt and. Mackie 1971), Once in the mouth, fobd material and.
: . -

associated mucus afe trms‘ported by the cilia of the epipharynx to the o’esophnms‘
and into the stomach, (Alldredge 1077). Water that hu passed through the
feedmg filter is retained within the inner house membrme and expelled through

’~ an-_excurrent opeqmg lo_catet.l at the postg:nor end of -the median channel |
'.(Alldredge ld?7, King 1981; Fig. 5) i ‘

Feeding filters tend to collapse in histological solutions making it difficult to 2 g

determine the exact numbér and arrangement of membranes (Flood 1978).

hod 1

Recent work with dyes, finely p d graphite and Tsochrysis " g

galbana has shown the feeding filter to be composed of three layers, l‘unclionin; as .
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Figure 5: ::hgnetg: diagram of food| and water movement through the

se of Oikopleura dioica (Alldredge 1975, 1977).
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a low velocity sieve. Water is forced through both the dorssl and ventral layers

at a low flow rate, while the concentrated particles pmc;ed to the mouth
suspended in the bulk‘ flow of the remaining water (Deibel, in prep.). The food’
particles are not *trapped® on the feeding filter, but merely concentrated by it.
This highly elfnent mechanism would allow the animal to maintain a high flow

per unit time wnh reduced clogging of the filters (Deibel et nl 1085). 4

" Feeding Rates of Gelatinofis Zooplankton

The rates at which suspengion feeders clear the water of suspended particles

d Tatinoius lank i oludi b

d for many:
{Reeve 1980), salps (Harbison and Gilmer lé;lﬂ. Deibel 1982, Mullin 1983, Madin
and Cetta ‘1984, Deibel {9853), doliolids (Deib}el 1982) and lppendicnlarim;s
(Paffenhofer 1976, King et al. 1980, Alidredge 1981, King 1981) using a vnrievty of ‘

<
techniques and over a wide range of particle concentrations. Studies of

feeding are licated by the fact that the delicate gelatinous

ditional 1ank oot 4

houses are euiiy di yed by } i such

as plankton tows. Food particles are concentrated on both the in,ern,al and
externél‘ surfnc of the house; thus particles which are not actually consumed by
the animal may collect all over the exlernnl surhce of the house and consequently
still be removed from suspenuon (Alldredge 1081).

In this study, the term total clearance rate (TCR), will be used to dwgnale

the rate of labelled food collection by both the animal and the house, while animal *
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clearance rate (AC];), will represent the rate gf collection of .particles by -the
nnimnl.'nlone. Both rates will be expressed as the equivalent volume of Water
cleared of ‘lnbelled particles per unit l.)im& Direz:l.J comparison of feeding data is
difficult because authors have employed various food suspensions and pr’ocedures
at different’ tempentur‘es. Furthermore, feeding stndie? o‘n-‘;ppendi\cularians have
‘been limited to two war‘m water species, O. d(?icu (Pa(fenl’loe!er 1976, King et
al.,1980, Alldredge 1981, King 1981) and Stegasoma magnum (Alldredge 1981),
making it difficult to extnpo‘late and compare these data to ;old ocean
conditions. ‘ . i
* Clearance rates for IO. dioica have been calculated at 13.5°C in' l:he )
labonu;ry using visual esti‘;r‘latu ui the number of “appendicularians per
‘ exﬁerimentnl cha}nb_er and a Coﬁl;:r’ Counter to determine tl}é rate of decrease in
the number of “eells her mi of food suspension (Paﬂenhoferv 1976). On the
nssumption/tlnt cell breakage and actual ce]l shape did not bias his cell counts
(which could result in underestimation of clearing rates) Paf!enhofer (1976)
conclud;! that clearance rate was not inhibited by increased food cpnc_entrati.ons
at paturally occurring phywp\‘ankwn densities in the North Sea. His data appear
not to support this conclﬁsion, hoyvever. King (1981) 'Ed 0. dioica ®H-labelled
patural nssémbhgu/ of marine bacteria under laboratory conditions ln.vd also
concluded that .ingution and total clearance mé w:xe independent of
nanoph!':opllnkbon con¢entrations ranging from < 40 4g C/! to > 100 ug C/I. *
Alldredge (1081) COI'IdIiCQei an in sifu warm water study whereby single

appendicularians (O. dioica and Slegisoma magnum) were captured in individual

ambient food ions and inert tracers in the form of

\




readily -countable plastic beads. She Juded that i p lati

densities of lépendiculnians exerted significant feeding meure on natural food

3 over ively constant i food i Few studies
bave concurrently assessed both regional differences in feeding rates of
appén.diculniln species and the complex dynamics of environmental variables

affecting both grazer and food populations (King I08|): Several studies have

d the effects of

p and food ion on tllepowth'lnd
.develophlent of O. dioica (Paffenhofer 1976, Gorsky 1980, King 1081) but none
. have dealt specifically with the effects on ingestion and clearance rafes, using a

single techniqu,e over a wide range of these envimn_mantal parameters. '

Hence, ‘the object of tlii.s study was w»deterﬁine in silu.clearance r;ta of

- diculart T

tracer techni Combini

.using, 8

‘these rates with :pmptniu of the organisms, environmental variables and

of app ian and ambient ph yto

densities will provnie
msl;ht into both the pounlul leedmg impact of these zooplankton in conul
Newfoundland waters and their role in energy transfer to higher trophic levels.

-
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Methods and“Malt'erials '

Field Methods
Study Site

In situ mepsurements (;f appendicularian feeding rates we‘re—in’ad_e at Logy

Bay (47°'37'N,52° 40'W) near St, John’s on the Avdon  Peninsula, Newfoundladd

(Fig. 8). * Dive sites ranged in depth from 4 to 10 melers The muonty of

measurements were made at site #1, with a bottom depth of ~5 meters.

Udvardy (1954) reported that coastal stations east of Ne@v\{;un&lnnd
4

d a rmxed diculari fauna of both Oikopleura v&nhoejfem

(Lohmann) -nd O:kapleuvh labradoriensis (Lohmann) Accordmg to Thompson

* and Frost (1936), O. vanhoeffeni is an mdxcawr of cold water ofpure arctic-

origin and O. labradoriensis is ch istic of mixed cold te waters of

the northern oceans.-  The ml]onty of feeding expenmenu were made on O.
vanhoeffeni as it was the most Abundm during the sampling season, and ease of
observation was facilitated by its large size and the bright red .mlAplgmentahom




Figure 6: Study site, Logy Bay, Newfowndland:
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Design and Manipulation of the E: 1 | Chamb

Feeding experiments were ﬂnducted in plexiglass chambers (Fig. 7) similar

* in design .to those ‘of Alldredge (1981). The chambers were of two sizes with
diameters of 11.7 and 13.7 em and volumes of one and two liters respectively.
’.l‘v'vu clocks in a watertight case were attached to the interior wall of the upper

part of each chamber to facilitate in situ timing of ‘the feeding period and

observations of animal n‘cl.ivity. A thr yeval itted hment of a §
ml syringe for-delivery c:l the radioactive: l’o_od‘suspension to the feeding chamber.
Following’ addition of the food suspensf&n, the two 50 ml syringes were ﬂlernntely"
filled to effect mixing inside the chamber,—Ritbber stoppers completely sealed the )

chambers during the feedmg experiments.

| Preparation and Malntenance of Algal Food Suspension
ok '
Scenzdeam:n quadrigauda (MUN sto;k algal culture #008) was selected for
the in situ feeding studii‘s' because the cells have an nveuge‘diametert of 4 um,

which is within the i "f size range of dicularians (Alldredge 1081), and

grow well in culture as umcelh without clumping. The cells have a lngh efficiency

of radioactive label mcorpoutxon and did not leach ndloactlvnly the seawater

during the in situ incubation as di d by ison of-whole water and
filtered samples.
Unialgal cultrra were grown in stoppered 500 ml glass flasks containing

Bold's Basal medium’ (Stem 1973) which prodllczd carbon-limited growth, thereby
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50 ML
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enhancing ndiocnlrbon uptn?e. The cultures were maintained on a shaker table
e - --—{to-maintain unicellular growth) on a 12:12 photoperiod under cool white
fluorescent illumination at 25°C.

For rndioisobope‘labglling, algal culture in stationary growth phase (~4 x

10° cells/mly was drawn into a 50 m! plastic syringe and‘p\lrged of inorganic

N carbon by acidification to pH 3.5 ‘with 0.IN HCL (Holtby and Knoechel 1981).

Air was d‘n‘;wn into the syringe which was then shaken gently to promote release
of djssolved carbon dioxide. This process was repeated six ‘timu and then the/'

medium in the syringe was restored to it.s initial pH of 10.0-11.0 by .nddi;ng 0.IN

NaOH. Either 20 or 200 4Ci of dissolved NaH!4CO, were added and the syringe
‘was placed on a shaker table and ‘msintained vder-the“l‘ame light and

temperature regime as the unlabelled algal cultures. Isotope incorporation ranged

from 90-95% as di ined by ison of radioactivity of acidified and non-
acidified \;mbssmpla.
= ’ Field Procedures
= L d
o - ) 3 ’
Feeding Trials h ¥ ¢
i -

For each feeding trial, a SCUBA divér gently captured a single dnimal in its

_hou:e‘in an open feeding cilpmbg"s‘ (Fig. 7) whici: was then ;wppered and brought
near the'surface. Shore personnel then handed ?he diver a 5 ml syringe containing

, OE g ) Zch

¥
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1-2 mis of the lahelled food supension. The dlver added the food through the

three way valve and alternately filled the two 50 ml. syringes lo eﬂect mixiog’

within the feeding chamber. , The chambers were supend}d Dear the 'bouom lnr

the designated incubation time. If the animal jettisoned. its house, the feeding:

trial wu;borted. Feeding periods ranged from § to 20 mjnutes although most

.
were for only 10 minutes. Alldredge (1081) noted that fecal pellets were produted
- \ .

in a minimum of 8 minutes in l-l;;ra!my‘ feeding studiés on O. dioica at 25°C.

Similar studies on O. vanhoeffeni at temperatures equivalent to those .

encountered in this study. (ca. -1.0° C)‘ indicate that feca'l bellet production takés

longer at colder temperatures (Deil;el, pers. comm.) Thus-a 10 minute fe§ding

period should avoid loss'of ingested 14C tracer in fecal pellets,

Twul\ehamber was hauled to the surface by shore personnel at )

. X Pl :
the end of the feeding period and placed in a pl¢xiglass holder on the wharf.

.Feeding in the chamber was terminated by, gently prodding 117 animal from 'iu.

bouse with  § ml sutoniatic pipete with an enlarged bore (aprfrox. 0.8 em): The

animal and house were then collected separately with the pipette- and plaged into

pre-weighed scintillation vials. A 4 ml Water sample ‘was taken from the grazing
. <

chamber to d i }he di ivity of the food jon in the chamber.

Hence, after each feeding trial, three sample vials were collected: the lnimll an‘d
adsociated ﬂll_lg drawn up into the plpene wnth the animal; the house and

accompanying fluid in the pipette; and the 4 ml food nmple Acid Lugol's iodine

wis used to preserve the samples because this pmervauve bas been found to .

loss of radioactivity fron 1 fed MC labelled algae (Holtby

’ )

and Knoechel 1081). o~
. )
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Animal Activity Observations

w R . : -y
The yo‘uible effects of c;i)ture an:l enclosure ﬁ\,th; animal in the grazing
v g chamber were evgluated by. monitoring animal activity prior to and during t;e
_feeding interval. Animal activity was determined by the number of sinusvidal
bea!s o{ the tail per” mlnute using ‘the clocks dﬁxed to the chambers. A
nonparametric multiple comparisons test (n=34) mdxcated no slgmhcant
* differences (p' > 0.05) in animal activity before and after enclosure within the
clnmber, and before nncf nmr addition o&the algal suspension (p > 0.05), In
situ ‘observations md:caud a hlgh degree of variation in actmty Ievel between
animals and for a smgle animal over time. Movement of the tail drives the water
into the hqu_se through the ﬁll.ers. thus variation in:activity would be expected to
#  affect feeding -rates. lienee. from March to July 1983, animal activity was

5 qualitatively ruied as being; very slow(1), slow(2), medium(3), fa.s_t(l') and very

fast(5) for future correlation with feeding rates.
. ' + '
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!
Zooplankton Collection

e
Zooplankton were collected from oblique and horizontal hauls using a 30.0 x
30.5 cm, 125 uym mesh Nitex net, and preserved wiih ethanol for laboratory

analysis. Collections were not on ing days when diculari

were extremely rare (i.e, € 1/m°), a situation which also hampered experimental

work. Temperntuu readings and water nmplu were taken at depths at Whlchv

lmmsl.s were collected The water nmples were preserved wnh Lugol's iodiné for
" subsequent determination ol‘ ambient’ phywplunkwlﬂlomm nnd of blckground

_rsdlouchvny. w . o

Laboratory Methods

»

Sample Processing

In the lab y, each capped
\

tenth of a gnm\\p obtain the fluid volume. These 'ﬂgid volumes for both the.
snimnbxand their hbl\xsu were used to evaluste varisbility in the radioactive:
: \

counts Qf the labelled\fof;d suspension, -and " used in :subsequent feedi}é rate -

calc;xlnl.ions (see page 38). Animals were removed from the vials and the vial

containing the remaining fluid- was weig}ied. Animal, dimensions (Fig. 8) were
4 F

vial was weighed to the nearest
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measured to'the ne’ln’l;t 0.01 mm using a Bausch-Lomb projection microscope and
Zeiss MOP-3 digitizer, then were placed on unipore polycarbonate membranes
(Bio-Rad laboratories) and weighed (wet) to. the nearest 0.1ug using a Cahn-21
electro-balance. Animals and membrane filters were then placed in loosely capped
vials, dried for s minimum of 24 hours at 80°C and re-weighed. Prior to
determination of radionctivity, animals were moistened with 1 ml of distilled
water and 1 ml of Protosol (l\’lew England Nuclear) and left to dissolve overnight
beuuse tissue dlgesuon increases the counting efficiency of the low energy Mg
pamclu Sodium thiosulphate (20%) was added (0.02 ‘mls/vial of ﬂmd) to

decolorize the liquid samples because the colouring effect of the- Lugol's

preservative d d the detection effici of the sp (Wang et’al.
L —
1975).
Ten mis of Aquassure liquid scintillation solution (New England Nuclear)
were added as ﬂuol" to all vials except the one containing the d\gested ang.l to
whmh 10 mis of PGS (Phase Combmm; System, Amersham) and § mls of OCS

(Organlc Counting Scintillation Solution, Amtrslnm) were agd. To minimize

sample chemoluminescence, all samples were kept in the dark for at least 24 hours
‘ .

p?ior to . d ination of radioactivity in a Beck LS-3150T Liquid
Scintillation Spectrometer adjusted to count C. Counts per. minute (cpm) were

~
determined for ten minutes or 1% precision, and corrections for counting

. efficiency and quenching were made using the external standards ratio method

d- by internal dardization with C. labeled toluene (Wang e; al.

10.7,5)‘ Counting' efficiency wh highest during trials three to five. of repetitive

sample counts, hence an average cpm value from these trials was used in




Figure 8: Body measurements of appendicularian specimens.
lengths in mm as: A= trunk, B= tnll C= tail uidl’.h

(
D= total length).
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rate

(4
Water samples collected at the sample gjtes were analyzed to determine the

available biomass.and size sp of ambient phytoplank Repli 10 ml

watbr samples were settled onw slldes using. 5.08 ‘em tall settling columns
. (Knoechel and Kulﬂ 1976).- Cells greater than 2 umi dlameter were counted at 480 .
X magmﬁcauon over a | em by 150 sm wide ‘transect using a Leitz Diavert phase
contrast microscope. Cell ;izu‘ were determined using an eyepiece micrometer.
‘ After the initial lransect was counted, one-ﬁ!t of this area was scanned for cells
less than 2 um in diameter. Three ‘addmonal transects were also scanned for
larger, rare cells (e.g. diatoms), followed by a full slide count of the largest
coloni¢s and dinoflagellates. Phytoplankton volume was calculated from formulae

for simple geometric solids, converted to wet weight biomass usinéT sp’zciﬁé

é gravity of 10, and then ized in categories ding to cells with
maximum dimensions of < 2 um, '2-5 um, 5-10 pm, 10-30 um, grenfer than 30 um\'
T *and cylinders greater tm‘so um. - : -

i 3
Zooplankton Samples \f/ ; ,// :

were d under a di
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group{‘ present during the study: copepods, nauplii, fish larvae, gastropods,

d: d hausiids, decapod larvae, siphonophores, medusae and

oikopleurids (Fn"ll'llarin sp.; and Oikopleura spp.). Densities were calculated
assuming 100% net colléction efficiency and no predation after capture.

Cumulative feeding rates were calculated using size-d d g

equations (see Results) and the size-abundance distribution of Oikapleun? Spp.
populations per Pll?’lplin; day. "The number of appendicularians per guhic meter
in each size class wi.slmultiplied by the mean feeding rate of that sizemlass and
then s\u"nmed to obtain the total populu‘tion feeding volun;e; Population /fgeding .
‘ratu were expressed .as 8 percentage of unit water column/swept clear on a daily,
basis. ' For example, a population feedingnte; of 100% would indicate that the !
appendicularian populnﬁonr in ‘one cubic 'mehter of water was clearing.the food

\ Particles from one cubic meter of water each di’y4

“~ -

) ... Rate Calculations

Cl rates were calculated- using hat rected d

per minute (DPM)‘lor'the animal, house and food suspension. Count per minute '

(epm) data from the p “were _" to disintegrati per minute

(dpm) ds follows: i

W pPu =cPM - B Eq. 1

where CPM is the measured radioactivity of the sample in counts pér l‘ninute, Bis

e
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the background CPM and E is the standard counting efficiency of the sample and
fluor solutioh determined by internal standardization (refer to *Sample . .
Processing® above). ’

Net food dpm/ml (Eq. 2, 3 and 4) was determmed as the mean value for the

4 ml food water and the water collected with the animal (aner removal of the

animsl) in order to reduce sampling error. The ratio of food dpm/ml to animal

-
fluid dpm/ml should be 1.0 if the added food suspension was homogeneously

distributed within the xperi chamber. Exsminati of this ratio revealed
large deviations from 1.0 in several instances (range 0.8 to 2.0). 'Very high and

low values for this ratio were d dye to h ; distribution of food

% -
in the feeding chamber; only those feeding trials with ratios in the range from 0.9
to 1.1 were included in the final data analysis, thereby reducing variance due to
sampling error.

Animal clearance rates (ACR) were calculated as: X

ACR (m1/d) = animsl dpm X 1440 min/day. .2

net food dpm/ml incubition time (min)
) -

Net bouse dpm was calculated asi ~

Net house din = (house + fluid dpm) -(mls fluid x food dpm/ml) Eq. 3

Net house dpm thus represents the residual’ activity dpms due 4o particle
collection on or in the animal houses after correcting for the activity of the food
in the water that was unavoidably collected along with the house.

Total clenrance rates (TCR) were calculated as:

. ; .
TCR (m1/d) =animal dpm + net hous X 1440 ‘min/da) Eq. 4
net food dpm/ml incubation time n) -
‘ L &,
[ =
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Inberent in the ption of ing the d feeding rates to a

* daily value is that there is no diurnal variation, a factor which has not been
examined in previous studies. '

In the analysis of feeding rates as a !nn::tion of tail length, some

obser‘va!ions bad unusually high or negative dpm values on the houses, and were

not included in the final data nnnlysus for the following reasons: negative net

house dpms reﬂecud babl distribution of the food susp
~

in the chamber be¢ause the fluid correction value in Equation 3Ym greater than

. 4 4
the total observed rndiuactiv&; very high dpms on\h\ousa might have resulted

_when’the animal was near the three-way valve during injection of the algal

suspension resulting in immediate’coverage of the house with labelled a.lgné.
\

\
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RESULTS

Plankton Populations % 7 ~

7
‘ ,Oikoplel;rids were often noted to appear and disappear quickly following a
sudden and ‘sustained change in wind direct\ion which caused variable water
. temperatures LBllggeln 1980) and alteration of water masses within' Logy Bay.

VOx'kophura spp. were observed by divers in late November 1082, but not from
: . A

December 1982 thru February 1983. Populations were present in March bvit were
. ¥ -~

“absent, for the month of April, lel?ppearing again from May to late July 1983. In
Janusr}' 1984, red-tailed oikopleurids we{e’l;resent at <1 /ma, but ice conditions
precluded'regulur sampling procedures. Popplx;tions 'renp.penud in April then
disappeared from late May to late June, with sporadic Sccurrences in July.

The density of appendicularian po]‘)ulgtions at the sample sites was variablé
on a seasonal and even daily basis (Table 1). For example, in Logy Bsy gut on
May 13, 1084, density was 2 lnin|;ls/m3, which increased dramatically to 53/!}13
on May 15 (Table 1) accompanied by a temperature change from -1.5 to 1.0°C.
Mshoney (1081) observed that appendicularian densities went from 5-30 /ms to
>30 m® and then back down to 0.1-5 ./m® in Logy Bay during a three day period
in Miy 1980, accompanied by a temperature chnnge from 3.0 to 3.5°C.

) Oikopleurid densities ranged from 0 to ga[m’ in the present study. In July

1983, animal density cflculatdd from net hauls ranged from 25-03/m®, while in

R
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Table 1-Demsity of aet gooplankton (ausber/a’)at Logy Bay samplisg site

1903 1984
ALy uy e JuLy
. o7 08 13 13 15 19 20 ® n 7 06 18
“TAXON
COPEFIDS  163.176 760 107 342630 454 §90 1420 22 6 260 70
WAUPLIT 3 74 0 00 0 0 00 0 00
mm . 1t o o0 1t 1.2 0o 00 0 30
‘GASTROPODS 1w o 19 20 1 (ﬂ‘ 4 ° 23 1 0 o 1
APHTODS S 8§ 1 33 0 1 10 0 10
” 1
PTERGPODS 10 2 1152 6 5 00 0 00
|
EUPHAUSIIDS 0 0 14 2 11 2 1 v o o 11 1
DECAPOD ‘
LARVAE 00 o 2.1 2 o o 9 0 0 o 0
~ BIPHOX-
(GPHORES
0o 0o o o 189 2 1 1 o o 12
OIXCPLEVRIDS: =
PRITILARIA 0 0 © 0 247 13 18 19 11 o o 0
opp-
o 25 128 2 8025 10 3’ 15 9 2 o 5
oPp.
[
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July 1984 the range was much lower, from 0-5/m® (Table l)r—-h.@oney (1081)

»
also found sporadic fl i in oik id abund Logy Bay; in M:
2200 pol gy Bay; in May

1980, animals ranged from 5 to > 30/m3 while in late Jul;' densities dropped to

\0—5 /m3 *Davis (1982) noted oikopleurid density varied from 0.8 to 448/m? ffom

early July to mid-August in C: ption Bay, Newloundland, and Mshoney (1981)
recorded densities of > 2000/m for the same area.
Vertical plankton hauls—were made in two coasts] bays in July 1983 to

determine if oikopleurids were present in deeper waters when they were shsent

-from warmer surface waters during su months WVertical -hauls were made
ooy

from 10 t0 70 m in 10 m depth increments, Olkoplmnds were absenl from 0 to

40 m at wnter temperatures rnngmg from 12.5°C (surface) down to‘l 5°C. Tows

to 50, 60 snd 70 o (temperntnru of 15°C, 00°C apd -0.5°C respectively)

P pp ian pop i of _ncreasing denslty, with the greatest

abundance at 70 m. Egsenberg (1022) noted that mcreuu in :ppendlculnrmn
numbers during summer months were related to the upwelling of cold Zn}ers.
Vertical haul .res,u]u tend to.support her suggestion that populations dwell in
deeper, -colder waters during &he simmer months ;lvhen surface lemperatures

increase. b

In the current study, animal size (tsil length) was strongly correlated with /

temperature (r= "-0.738), reflecting a restmicted size range st amny given

temperature (Fig. 9). Below 2.0°C, dicularians were large (maxi 19.0.

mm tail length) Vith red tail colouration as opposed to smaller colourless forms

(maximum 8.0 mm tail length) at warmertemperstures (80 to 11.5°C). The

" b

ibution of the e data was

with only one
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\: Figure 9: The relationship between animl tail length (m) and
temperature (%0), (r = =0.738).




44 R - 2 7z
M \
)
L I

15
. %
> 3
‘ SR I
O
‘o
X « 5 °
BAN -
2
a
2 o}
@
e
: -10, T = . T ~
-0 s o 5, .20
- B Tail length (mm) :
. : . - o
Falls o
» -
. P
; = - 7
: ) A B
g * i
i ; . 9 ks
« . /
i
(o '



. 5
o~ -
between 4.0 and ;.8.0"0. The relationship between tail length and temperature

may reflect a species shift; Oikopleura vanhoe/Jeni has been described as having

€ “ared tail ion £nd ing at ranging from -1.7 to 11.7°C
while O. IaQ_radan'cmia has been found at temperatures from -1.3 to 20.1°C and
has not been déiribed as having a coloured tail (Forneris 1957). There is
disagreement among workers regarding the significance of tail colouration as a

o i u‘l z 1081), however, the pnuem of luminescent

) and . of subchordal cells suggest that the red-tuleil
' specimens are O. vanhoeffeni (Duhel pers.comm). ’

N thlaplmkfon populations in Logy Bay were sllmlnnly variable with
tygic;ﬂy a twp-:!old or greater variation in total phytoplnnkwn con}:entntxo_n on
subsequent ampiing +days (I‘Ab!e. 2) For eimmple, total concentration
npproximlulyanbled !rom 106 mg Wet weight[ms. on July- 13, 1983 to 202 mg

wet wellht/m on the 14th ol July. T pe was pot signil 1 lated

with phyhoplnnkum blomlu ® S o 05) over the entlre sampling penod

3 v
3 o -
Analysis of Feeding lhm
; 4 . -
" T L L4 ’

- _‘Rellliufuhipa between feeding rates, parameters of the 'orgn‘nism, and

) <. i al varisbl were ined Ilsing‘ multiple regression analysis
: C~ (’Suﬁstlcll Package for the Social Seiene‘, Ni; 1083) on the VAX 1170 system at '
ﬁ 4 . M ial University. The relationship between individual feeding rates and body

= »
lengthsisa pt;we.r function which was linearized by log t\nns?ormation of the data

“E . F .
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% Table 2 :“Datly sumary of
oize class (a). meas datly clearaace rates /Ir)

seaa tail lengths (m). (cyls cylindes oaraace
ate;TCI= total clearaace Tate;cyle cylisder; n,- tatl leaged) J

-
PHYTOPLANKTON CONCENTRATIONS (ag/a®
¥ ’
. <2 26 B0 >0 b0 tetal ¢ @ T T
[ T
1983
¥ 0. 92. 740
362 024 130 a2 7.
7. 108 14 73 10
n 107. 8.7 323 8
208, 48 123 9
= 82, s s 904 11
2.7 L 1. 223 1
L 5.3 137 1.1 188 7 |
2 5. [ 9.2 28 3 |
= .1 1258 3.3 180 3. g
72.1 108, [ERETE I
139 202. 3.0 81 8.
| : b 147, Ao Oftoplesrs epp.
28 . - CE—
b 0 ..
e 8! 7 .
85. 72 o .
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for entry into the: multiple regrqsit:n models (Knoechel and Holtby 1085).
Residual and scatter ‘ploh for both animal clearance and wm-elche rate
models were examined to determine unde’rlying trends in the data and relationship
strengths (Hartwig and Dearing 1979). ’
~r
Animal Clearance Rates
o . o
/. |

lndividn;L in situ animal clearance rates ;anged from a minimum of 2
ml/animal/d to a maximum of 1560 ml/animal/d for animals ranging from 2 to
1':4 mm in tail length over a ghree-four fold vuiaﬁon in -ambient food
co;centrnion  (Table 2). The relationship between lo} animal clearance rate and
log tail length was highly significant (p < 0.005) but explained only 11.3% of the
overall \trilnce (Fig.ld).' ll{clusion of témperature and phytoplankton biomass

concentrations (mg wet weight/m’) in the multiple regression model did not

significantly .increase d variance and ination of ,./' residuals

versus and phytoplank i revealed no obvious non-

" e .
linear patterns. The regression equation for animal clearance rate presented as a
AN
.
power function was:

1.088 : . .
ACR = 11,736 L~ ‘Eq. 6
;

/

) / s
where ACR is"the indiv,iéud animal clearance rate ( ) and L is the tail length
in mm. The exyonénl is the slope of the log:log rekrmion (Fig.10) and the

. -




Figure 10: The relationship betweén animal clearance rate (ml/
animal/d) and tail length (mm) for Oikopleura
. sppys Log Y =1. osaf 1.086 log x5 T2 = 0.113)
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coefficient is the antilog of the Y-i Py and is the

d animal cl
rate of a 1 mm individual (because log 1=0). The observed coefficient of 11.738

is nearly identical to that of 11.7 noted for clad feeding on similar-sized

food particles in fresh water (Knoechel and Holtby 1986).

Total Clearance Rates ‘
'

-, * Observed in situ total ‘clearance rates ranged fropf a mi;imum of 38
ml/'ammll/d toa mnxlmnm of 4382 ml/animal/d over th same range of animal °
sizes and nmblent food condmons and were strongly correlnted with tail length
(r’= 0.460, Fig.11). Totnl Te . rate was negatively lated with

f temperature (r= -0.502, p < 0.005);however, multiple

d that

this' trend resulted from the previously noted inverse correlation between
temperature and animal length becayse temperaturg was not a significant factor
in the multiple regression once tail length had entered the model. The power
equntion‘vu:

, 1.678
. y . TCR= 22.608 L - Eq. 6

with TdR in ml/m L representing tail length.in mm. The biomass of the E 2
~ um phytoplankton category also entered in the regression model as'a significant

. ! var'nblei\p < 0.002) and resulted in 3 final explained variance of 54%.
RS i 2 3 :

.




Fxgure 11: The ul-tiouhip between total clnunca rate (ml/
animal/d) and tail length (mm) for Oikopleura
spp.; Log Y = 1.3544 1.58 log X (xZ = 5 %60) .
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‘The power equation was:

x..no -0.044 (pbytoplankton 0-2 sm) Eq. 7
TCR= 32.880 L *+ 10 %

)

N - //

Vidaal inspection of residual plots of log total clearance rate snd log tail

length versus all other phytoplank ies and ‘revuled no
& =

obvious non-linear patterns in the data.

Animal Activity and Feeding Rates .

Animal activity, in terms of the number of tail beats per minute, was
observed to vary greatly between snimals both within and between s..;pun;
days. Tail beat frequency was highest at warmer temperatures (i.e. > lo"C‘kbnt
Was very inconsistent over time. Counts were made on a few animals of the.
actual number of tail beats each minute for the entire feediag period within-the
chamber. The results showed that animal activity was highly unpredictable from

5 i
one minute to the next; even animals outside of the chambers were observed to

i cease movement for as lmig as 3 minutes, often followed by tail beat activity too

rapid to count ucu}ltely. However, contrary to Alldredge (1976), the amplitude
of the sinusoidal WI\I;N\ varied also; nmml.lx wo'uld abruptly halt tail activity and
then sometimes slowly restart with shallow wnv; pulses, which gradually increased
in height until a relatively constant pattern was estgblished. t
Qlfnliulive A;ﬁvity rankings (refer to Meth% were determined, at
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temperatures between -1.2 and 0'1}"0 and over a range of total ?hytoyh;:klon-
biomass concentrations from 82.6 to 12388 mg/m’. Ammal tail lengths ranged
from 2.21 mm to an uausually large aifal of 15,40 mm, with the majority being
less than 9.0 mm. Activity ranking explained m of the variation in animal
clearance rate (Fig.12) when ldde_d 8s an ifterval variable to I.h_e stepwise multiple
regression model (Kim snd Kc;ho&t lﬁs). T&e significant ‘in‘clnsion of log tail
length ‘m’twh‘g' multiple regression model resulted in a finabexplained variance of

70‘.2{% (n=25, p <.0.02). Recent laboratory and in

tu O. vanhoef) [éril‘ feeding
studies using latex beads have also revealed erratic and unyﬁcnble tail
undulations subsequently reflected 'in variable feeding rates (Deibel, pe‘n. comm).

_ Phytoplankton bioml.;s. categories m\d temperature  did not contribute
significantly to explaining further _v;rintion in animal clearance rate and residual
plots revealed no additional trends in the data.

The animal cl rate model i ing activity and tail length was:

e 1.342 (0.4510)
ACR £0.240L - + 10 Eq. 8

where ACR represents animal clearance rate (ml}d), L represents tail length in
‘mm, and A, the qualitative ut)nty ranking on 4 scale from 1 to 5. i

‘A mmhr analysis of total clearance ntu for the activity dm set revealed
that log,tail length explained 83% of the vmltw (Fig.13), and the statistically
significant mcluubn of activity ranking to the regression model resulted in a final
explained variance of 72% (p < 0.02). Activity ranking thus did not expl _'n as

large a proportion of variance in'rwul clearance rate as it did for animal clesrance




?xgure 12: The relgpi between relati level (1-5)

and animal clearance rate (nl/nninl/d) for Oikopleura

}lpp (o =25, 2 = 0.600)
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Figure 12 :
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Figure 13: The relationship between total clearance rate (ml/
animal/d) and tail length (mm) for the activity
data subset ; (n = 25, r2 = 0.630).
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rate. A stron, }er correlation with animal clnnnce Jate tlnn with wlg‘clnrml.‘e

rate might, he exped:d because activity of the tnl dnvs the wnter thruu;h the
feeding filters, whereas the external surface of the house can cleu particles

* \
= passively regardless of tai] movement. Addition of temperatifé: and

b lank biomass categori did not s lliuntly increase the amount of

, Pphytop

‘ \ o — explained vsrmlon and residual plou showed no-further trends i in the data. Th;

*  total clearance rate model incorporating tail length Md activity was:

~ ¥ ‘ -
I 1.966  (0.126) . C 4 L.
= 0= a7+ to- ) K. 9 .

A

where TCR répresents iotul clearance rate (mi/d). = - _

o An attempt was mnde to quantify utmly level more precisely #countmg

.
** the actual uil_t“ )/ te for twor itive minutes llowing .élhol_l of ‘the

labelled food t6 the feeding chmbe{. Average tsil beats per minute were,
T ﬁnexp;éhdly, not limiﬁcutly correlated with either animal’ or to’t\.l clearance

'rntu (r=-0.022 and r=0.010 respectively, n=34). Neverthelm, the actual tail ’

ot ¢ but coun].l dld lupport. the qua.hhhve observation thnt tail beat utmty varied t
considerably lrom one mmule to the next. The luk of correlnhon u\l.ggab that

tha two minute oburvntlon period was not indicative of average tail activity over

' __permif ute were recorded for 5 animals over the :ﬁ?e 10 minute feeding period:
Cémpnhon of the lveilge uil bem per minute for !’e first two minutes with
erm. of from 0.9 to 92.7%

the lurhe for, the entire !eedlﬁg penod ing
\ith s mesn error ul 33.2% (lelg 3). The eoemcxenh of vnmnon for tnl{ benta

“‘per minute g( individual ummh nn;ed rrom 9 to 112% (Table 3). Thi

the full 10 minute feeding period. On on; lmling day (M" 18, 1084), tailbeats #
i€

A
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confirmed the suspicion that'a two min\ute observational period was inadequate to

charscterize utiﬁty during the 10 minute feeding trial.

In both qul.hlnnve and qnmtltmve analyses, ulmty was not signifi clntly

rel! 4 with the envi 1 d in thu study.

(1084) and Madin nd Cetta (1984) suggest that variation in animal behnvnor may

be due to mhrt:;-\ ically d ined ities of water P ing
Collecttofi of itative tail beat data for various sized animals over .
longer ﬁme pe'riods'is required before their theory can be properly evaluated.
= - = Sy

Population Feeding Rates
D
Y .

The unpnct ol a populnmn of suspensloh feeders on natural food densmu
must necesunly depend both, upon the rntes at which the individuals clear the
water of suspended particles “and on the size composition and nbundnnce of -the

population (Jorgensen 19‘84). ‘These latter were ined to calculat

lation feeding rates : d'ss a of the water column swept

cléar on ndnﬂy basis (refer to Methods). Estimates were made for several dates
to reflect the f\ll] r;nge of animal densities and sizes encol‘mur@d ;lnri;lg the study
'Q'l‘llﬁe 4. A maximum of only 2.09% of the waterseolumn was intimgc‘ed to be #
cleared of particles. The estimated impact due to animal clearance alone was
Inwel‘ith & maximum value of 0.39 4 T;nu lefling pact was approximately

- tl}uo to five fold greater duc to ﬂa.ﬂic'h removal by both the animal and the
‘house theh by the gnlmd'ilone. ooy \ . .

L]
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DISCUSSION

Plankton populations -

+

* Logy Bsy is an o!emoguphicllly dynamic area as indicated by the variable

lank and phytoplank lati d during the two year

« P P

study. beriod (Tables 1, 2), suggesting an unstable ﬁ unpredictable species

assemblage. The observed total phytoplankton biomass v-‘.ried two to three fold

‘over the sampling period. Oikopleurid densities were highly varisble, with

observed densities ranging from 0-03/m°: Appendicularians were observed in
Logy Bay as early as March and April in 1983, but did not appear until late April -
'1.984\ st densities below l/ms. These seasonal ll\lc.tuutions may be due in part to
variations in the strength and mnvemen!..yf the Labrador Cumfnt. ‘The inshore
presence of Labrador Current water is the result of upwelling:of deep offshore
water (Mnhon;y l.l‘ld Buggeln 1883) in conjunction with local ‘wind, tide and
current ‘patterns (Essenberg 1028). Distributiona.l patterns of O. wnl’loefjem'
suggested that the Lubndoi Current differed in strength from yeu\w year u\it
ﬂow_ed ';lo*g the .esst coast of Newfoundlad (Thempson snd Frost 1936).

Kendaris (1980) conducted & six mo\lth study of the physical and biological

environment in Logy Bay and concluded thst the water masses in the bay*
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consisted of s warmer surface layer (lower salinity) of combined coastal and
Labrador Clrrent whter with l bo'uom layer *of pure, cold Labrador Current
water. The Picknu of the surface layer is strongly influenced by wind speed
and direction,bupeciullly in the summer when surface wntsr ump:mn;-e rises and
the lsylr bgcomes less dense (Steele 1975). Strong offshore winds can move this
warmer layer offshore with the result that if is replaced by the coider bottom

v‘hyer of Labrador Current wﬁr. Onshore winds have the reverse effect of

»
thickening the warmer mixed surface liy\er in’ coastal locations while the colder

bottom layer is offshore.

Movement of these two water masses within Logy Bay coincides with the

.

and disap > of id taxs, Studies by Thompson and ’

Frost (1938) and Udvardy (1954) revuled' thn the density And distribution of
oikopleurid taxa u:d size class was reflective of the movement of thu Lu.bndor
Current. Observations from this study suggest that the larger olk@lelmds were
restricted to colder waler iuasses as water temperature was correlated with both

the sbund and size distribution of Oikopl q:p.M below

0°C, the mkoplenr?’ dennly was low and lmmnh were generally large (tail
lengths I'rom 8 to 20 mm, Table 2) with red tail plpnenhtpn characteristic ol o.
uaqhoe][ml At temperatures between 8.0 lhd 9.0°C olkapleurldl rmh&jmher
densities although animals were _conaldenbly smaller (<4 fm tail lengths! Table
2) md lacked the red pigmentltion Stratified vertlcll haul data lm‘m two coastal

bnya in Jate'July indicated that the oikopleurids were present in deep, cold wnur

when~ l.hey were absent' from the warm surface layer.’ A'l intermediate vuter

small individuals and large red-tailed i were
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sometimes present.on the same sampling day. The red pigmentation of the tail of
. 0. van}touflzm’ appears only in the mature animal and thus the um!.ll colourless
& lnix:u‘h\ could have been jnv:nilu of - either species, O. vanhoeffeni or O.
lnbrador*'emi (Deibel pers. coml}l.‘l ) '
. " h ‘l\mmi , wind and current patterns influence the @i,stribution of evq‘o . i
distinct water masses in Logy Bay and of their respective oikopléprid populations. 1

. Be’ur characterization of these water masses and their correlation with the

oikopleurid taxa would require more detailed salinity and temperature data than

¢ .
/
/

% 1 are currently available. T

Fudlng Rates of Olk,?pleu‘l‘-n spp.

. . L "
Appendicularians éollect food both on the feeding filters and on the outside

. % <
of the Ilg_uxs ‘which ms}ksewe as a carbon rich food source for other zooplankters

" (Alldredge 1975, 1081). Most authors (e.g. Paffenhofer 1076, King 1981,

Alldredge 1081) th determine total cl e rates when discussing the

potentisl impact of nppmditnini;n feeding rates on resident phytoplankton
.

lati Techni for. estimating feeding rates that focus on changes in
o~

’
particle concentration in the water (Pl!lenhol{r 1976) are limited to measuring.

only total el whereas techni lving tracer particles (such as those :
employed bleing 1081) can potentially separate the two processes by i
£ ¥ examination of material actually elnr?d by the animsl as opposed w‘ that

collected by the houst alone.. ', * "5, 4
. . L3




Animal Clearance Rates

«

Feeding rates of ‘zooplankwn in general have usually been related to size

(length or weight), p .and food i The i by

King (1981) were the first to measure actual mgestlan rates in tppendxclllanans,

specifically O. dioica, and hu i ‘were icted to a. smgle

The in’situ measurements in the current study are the first detailed observations

for cold ocean ppendiculafi Animal cl rates of l’rom 17 to 1560-

ml/u.mmnl/d were observed over a range of ambient food concentutmns nnd
zemperatnxm Log tail. lengzh explained -11.3% of the variation with neither

temperature no; ambient food concentration entering the mliltiple regression

equation as significant factors. Tﬁh lationship was p d (Eq5) as’
e . 1.088
L ACR =11.738 L
{ = -8

with animal clearance rate in ml/animsl/d and L representing tail length in mm.

Tempersture effects were difficult to evaluate in the current study because of the
high c'é)rrehtion between temperl';ure' ;‘;Id body size. Despite the l.u:t that
‘ temperatures r.mged from -1.2 to 11.5°C, there was*actuslly a much narroiwer
range of temperatures associated with animals of any particular size. King's
(1981) rate measurements were on mugh”smaller animals ,'zl!‘l!l in the current

study, arid were conductéd at a single temperature (14.0°C) in the Iaboratory. A

N
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. very high cerrelnion (P’= 0‘.04) between body size and ingestion rate was
observed: o~
N = ~
3.083 .
N, et - Eq. 10
‘
with ingestion rate in ml/animal/d and T repruenti;:g trunk length in mm (tail

lengths are apprcximntely two-three times trunk lengths). He similarily did not

observe any slpuficant ce of various phy
Eq 10 predicts that an animal with a tail length of 3.68 mm (eqlnvalent
trunk length of 0.93 mm) would ingest 55.5 ml/animal/d which is quite close to
the value of 60.4 ml/nx‘limnl/d predicted by Eq. 5 of my study. The largest
oikopleurid in King's (1981) study was barely the minimum size encounter:d in
the present study making it difficult to use his equation for comparative purposes
with iuge} animals. However, extrapolating King's model would predict an
‘animal cleaance rate of -800 ml/mlmnl/d Jor s 9.0 mm animal (trunk\length
npprox ’2.2 mm}, 4s compared to a prediction n{ 127.5 in the clm'ent study (Eq
5).
It is also notable that King's (1981) experiment uhowe:'mgestion rate to be
. a.cubic function of length, whereas the exponent was Snly 1.088 in the current
study. The slope of a st squares linear regression is dependen; both on the
underlying functional xelltioﬁship gnd on the me’pgth of the correlation (Ricker

1073). Ricker (1973) T ds that firic mesn ession’ (GMR) .be used

o show the functional relationship. Althou ‘,faw authors have employed GMR

to compare re!ntionshipa between feeding rates and body size, the slope _oJ the




" rate, an effect which has not been noted by other researchers.

ey v P
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GMR can be readily calculated &s the least squares nsreaion slope divided by the
~
corulnuon coefficient, thereby allowing one to remove the mﬂuance of the
slrength ol the correlation (Ricker 1073) When thisis done for the present study,

the slope increases from 1.08 to 3.21 similar to that of King (Table 5).
v “

‘Total Clearance Rates

- N

% Total clearance rates, which include the collection of particles on. the

exterior of the house as well as particles ia the feeding filter that have not yet

been ingested, were observed to be two to three times animal clearance rates in
A

ed that the total clesrance

the present study. In i King (1081)
rate of O. dioica for bacterioplankton suspended in filtered seawater was 1.2 times

the ingestion rate. One would expect the ratio to be high;r in my study because

" the large-sized nikople;xrids had correspondingly larger houses and hence larger

surface areas available for particle collection.
The observed total clearance rates at various temperatures ranged
-
considerably from as low as 38 to 4382 ml/snimal/d and were st‘ron;ly correlated

with tail length (r2= 0.46). The biomass of the < 2 ym phytoplankton category

did enter as a significant variable and incressed explained variance to 54% (p < -

0.002). The coefficient was negative (Eq: 7) indicating that an increase in biomass

of this phytoplankton size category had an inhibiting effect on total clesrance

There were large differencés in correlation strength noted betwegx the
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various clenfl‘nce rate studies (Table 5). Correhtio\:ocmcimh between body

size and clesrance rate range from s high of 0.08 to s low of 0.68 and i

appears

that much of this variation results from the length of time over uéicll the

were, cond Correlations were hlghu'. for meunnme;a taken
on & single day or over consecutive series of days. Alldredge's (1981) regression
model for 0. dioica combined four days of data with & fairly weak correlation of
0.86 relating clearance rate and body nize'. However, if her results are examined
on a daily basis, correlations between body length and clearance rate tend to
increase knn;e 0.530.99, Table _6).. It can slso Be noted that her size range of
animals was fairly restricted (0.5 to 1.2 mm trunk lengths) and that her maximum

trunk length was app _ 1) the ini ered in this undy. Only

Alldredge’s (lﬂ?ll data for Slegmama magnum cover a size range of animals

comparable to -that encountered in my study. _Sbe measured in affu lq.t.l.

clesrance rates ol from’ 15 to 1700 ml/animal/d for S. magnum with tmnk
lengths of 2-4 mm (equivalent tail lengths in the current study of from 8- 12
mm). Her reported correlations were very strong (0.84, 0.93, 0.93) but decressed
Eln‘nntiedly to 0.27 when I c‘om‘bined the data for the three day period (-T;‘hh 8).
Conveleely, selecting dats from the current study for two dates with similar
environmental '};)l;ditiom (May 19 and 21, 1983) produced a much higher
. correlation between clearance rate snd tail length (r= 0.90) than for the entire
study period (r= 068, n=22, Table 8). Obviomly. cnulion must be exhibited
when examining clg:n.nu rates on a daily bum, And then extrapolating these
measurements over lonxer time perk«b. Cornlltton strengths do weaken as

upenmel_m are conducted over longer periods suggesting that vmntnq. in the
> & —

N
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environment may affect bebavioral patterns over time.

Animal Actlvity and Feeding Rates

Logically, umnal “clearance rates must be correlated with tail beat rate
because it is thb.. mpyemunl of the tail whxch dnws the flow of food- -containinig
water- into the hnum nd through the Ieedlu:g filters.  Activity levels do vary
becween animals (Alldredge 1981, }(mg 1081) bnt this hss not previously been
eummed 88 & potential soirce of variation in l'eedmg rates., In the current ltndy,
animal ‘activity varied considerably among animsls both within snd between
ssmpling days. Tha mclnuﬁ of tl:a qu;hhuve ulmty rankings (see Methods) in
8 regraswn model explained 60% of the variation in animal clearlnee rate md
with the addition of tail length, (the only other significant varisble) the final
explained variance was 764%- (p < 0.002, n=25). A similar analysis of total ,l
clesrance rates revealed that log tail length ggplﬁned'ﬁs% of t:he variation and
the significant addition of activity ranking resulted in a final explained nri;nee of
’Iﬂ% ‘The qualitstive activity dats mggul that the frequency of tnl movement.

has a” greater. effect on snimal cleumce rate than op total cléumce nte.

Lab: bservations of 0. hoffensi feeding on hochuml revealed that this
olkopleurld may even temporarily detach the buceal I.ube fmm the mouth during

cessation ol tail lcll\uty, thus halting mgestlon :I'qgether mbel, pers. comm.).

This ob i rlnnesn s lanation for ﬂu hlghly v;{uble tail beat counts
noted for the animals observed for the full 10 mlnute feedlng period (Table 3)




Table 8: Comparison of strebgth of c‘ornluﬂgl of total' clearance rate
(ml/3nimal/d) snd body length (mm) over differwnt time rrhgl

® -of various authors .
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~wherein the two miost varisble snimals sporadically ceased tail activity altogether
for periods ex'ceeding one mlnuu :
Other authors - lnve also, noted Arregulumu in tail” ben behavior of O.

dioica, Bone and Mlckle (lD‘IS) attached eleetrodu to the tails of utheud o.

" dioica (ml.l in then\houm) and noted that the swimming behavior cannuted of

short bursts of tail movement ‘slternating with periods of inactivity. Both the

litude and frequency of the tail were varisble as wer'e the lengths

of the bursts of activity and the interburst penods {Bone and Muhe 1975).
Alldredge (nm) noted intermittent suspension of tail but of wnrm water

Appendlc\llumu feeding on natural pnhelu in mwnur, wnh, mtervtls of

_ inactivity ranging from one to 60 ucomh and with nd Apparent patterns in the

_ timing of tail beat suspension. Amlnls were noted to be u:uve from mw% ol

the observational period llthough no actual times were given. How:ver, these

“ jrregularities in ~llmlul bebavior were apparently not observed in Alldredge's

“(1981) subsequent warm water in situ feeding studies. The possible effects of the
conce‘nlntion of nvnillbli loo& pnlklu on feeding rates still has yet to be .
propetly investigated; especially_in the cold ocean environment. The density ol
. pmlcla in ‘seawater ' | may alter the eol]ecuon abilities of the filters of
appenllicularian ho\u? Rubenstein and Koebl (lm'ln“esud that a buildup of
" particles on the filters resulls in :‘{ﬂﬁlurd Shanges to the filtérs which alters their ,
collection :M!izia 'as well a8 ,thei‘ Tesistance to flow. Perhaps 6ik¢;pléuridl can
‘sense’ particle I;uildup on their filters and attempt to adapt to changes in flow
rate by sltering tail beat u‘tiv‘lty. ‘Tovexamine the effects of particle density on
feeding rates, one could condu;uuding experiments on animals in newly inflated,
§ & +




.

g z 4 7.
. - ) : : e » . - .
fn.'r jele-free hous:, and lhn_compne the rates and activity levels to those of
o .
. 4nimals in houses which were of various ages with differing levels of particle "
buildup. In my study, the condition of the houses hkaly varied among
. «
experimental animals. i 3 )
2 .
5 ‘e ;s - )

g d =
Potential Impact of Appendicularian Feeding %

'

In th‘e current stydy, the in\z]‘)u:t‘ of oikopleurid” feeding .on pl-nk‘.ton
pop\llﬁiou-nnged up to 2.09% of the water column cleared per day at a density
of 53 lnimds/ A These results suggest that the ;eeding rate impact in coastal

= Newfonq:ilmd waters woulfi be minimal nnl'eu._ ruide-nt food population ;rov;lh
rates were extremely iow. Greater maximum densities of oikople«ily have been
observed in Newloundlmﬁo:aul_uun. hweve:,' ranging from 448/m® (Davis
1 1982, Mahoney sn:l Bu.ueln 1983) to grester than N/m' (Mahoney 1981).
o Predkiioen of total clearance ratesfor thu'e’m“her- densities (using Eq.6), using
tail lengths lypi;'nl of the period in question range from 3,to 84% cleared per day,
values c&plnhle those estimated in warmer - ocesn regions (e.g. »Audre;il ‘
- 1084). ., 2 ‘

been estii d to consume zinlly less than

% - e Habid
10% of their fu’od populations per day*(reviewed in Alldredge 1984), in agreement

with the imipact estinjates obtained in this utud'y. However, the effect of this

cleu:u:a_ m&wﬂmwm biomass is di{ﬁcull to predict/ unless theA

phylk;plmklon growth rate is also known. Investigators have cnmintﬁ the effects

L of dicularian feeding on the population & aies of thelr food stocks uiing
p a . -y

K




- .
. . b ical models in binati wnh growth rate calculations based on* bolh

Iab snd_field dats (Alldredgo 1984) ‘Kirig et al. (1980) used lsboratory

experiments to predict daily cleu{nce ntu by populatjons of O. dioica feeding on : -
. - 2 . 3 st o7

¢ bacterioplankton ja s Controlled E Populations Experim (CEREX) in

zmich l.nlet,v.B.C, Clearance rates ranged from 5 to 100% at oikopleurid

densities of ;oo-xooo/m’. ‘They concluded that appendicularians and other -

zooplankton combined could only’ consume all .bu'.erioplmk‘.lon production when
bacteria were growing their llow‘est (1 doubling per le) and zooplankton grazing
was highest (o_o to 70’% of the water columl_: per-day). However, they suggested
that dense V\p.neha of appendiculsrians, combined with ‘other grazer populations
could lead to tep;wnry depletion of food p‘uliclu. o N el

Studies in the Gulf of California by ;\Hdredge (1981) were the first attempts ,
i ‘ - to. measure feeding ntc:', population sizes ‘and ambient food concentrations in
aitu. “Her i duced daily tot4 ! rates of 1.3-3.7% for O.

to 63 mxmnk/m clened from 54‘% 13.4% per day dredge 1981). In ailu

\ > dioica at densities of bea:;en 205 and 4587/m‘\|nd i“::‘ynum populations o1 '
* measurements of th( rate of increase of pnmuﬂe organic carbon (POC) in the-
Ablence of grazers nlgxuud tlnt only at their maximum population densities R
could the appendicularians halt the growth of their food supply., However,
Alldredge (1981) cautioned ‘about the difﬁeulty..ol estimating feeding impacts
“which” are dynamic and time dependent from population and food biomass
.m:uﬁremenu which are static. Clll’llentl‘ pwelling, seasonal changes m
nhenu and’ other snvuonmanhl varisbles might all result In unprednchbl’
fNugggations and patchiness in both the lbundlnce of the food wnrc; and of, the

Vi Bogh = - ) . \




*
consumers.

= Feeding by nppend;cnh.rim may affect not only their {ood om;:khu. but
slso thestelogy ‘of other resident zooplankton. Mazy speciy. of gelatinouy.
_ z00plankton have high ‘intrinsic rates of population increase, allowing lhun o
reach high popilation densities rapidly when food rugmu increase (Alldnd(e

m«) Under f bl i 1 condif endi ians have reduced

‘g,m-ﬂion times, allowing these zoopjankters to -outgrow other plmkloniv
conSumers at high food densities (Alldredge 1084).

Directions For Fnu‘lra R,eu‘nch
G < = . ; «

2

.-

<11euiled studies of plafikton food biomass and growth rates sre needed for

parison with appendi ian feeding rales to asess more accurately the
-~ (geding iﬁput of these :bnnd;nt gell!.inom zooplankton m the cold ocean
environment.. Detailed studies lhon.ld also examine the mmpholo‘gy of the
incurrent l_.nd leedln['ﬁlurl of both O. _mrihoef]tm' and O. labradoriensis which
-ﬁpen; to be different from that of warm water oikopleurids. ﬁe phénomcnon' :

" of varisble animal activity and ltl effect br feeding should also be ld#tuud -’

Such studies would increase our understanding ol the biology of these orxlnhm

and their gcological role in the cold ocean waters nl New(ouqdlnnd ' ,‘-
o~
o2 4
. g |
® \
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