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Abstract

The functional responses of three co-existing nearsh id shri
Paramesopodopsis rufazuas the most efficient predator of the euryhafingdapl;gxﬁ;}
prey, Daphniopsis australis. It showed asteeper linear functional response curve
for this prey than the other two species, Tenagomysis tasmaniaeand Anisomysis
mixta awstralis, which showed sinular flat linear curves, All three species
exhtibited similar predation success on Artemia sp. nauplii, and similar predation

failure for the calanoid copepod Gladioferens pectinatus, The study provides

evidence that c{@@’e{ences in predatory feeding behaviour support feeding niche
segregation which in turn explains the co-occurrence of the three mysid species.

Introduction

freshwater and marine habitats is a complex system which requires
amore detailed study toelucidate its intricacies (Kerfoot, 1980; P’rice,

1988; Ohman, 1988; Gliwicz & Pijanowska, 1989). These reviews noted that
success of predatory species, as those equivalent systems in the terrestrial
environment, is influenced by several factors. There seems to be an
optimum prey size in which a predator of a certain size may be efficient.
However, other factors such as body pigmentation, shape, palatability,
motion and escape manoeuvres have beenalso known to determine yu_lner-
ability of prey to various zooplanktonic predators (Ohman, 1988; Gliwicz &
Pijanowska, 1989). ' . Eacs
Predatory feeding of both freshwater and marine species of mysids
include a variety of animal prey types (Mauchline, 1980; Morgan, 1982). The
well studied freshwater species, Mysis relicta has been known to feed mainly
on cladocerans, daphniids primarily {Lasenby et al. 1986); although it can

P redatory feeding behaviour in many zooplanktonic species of both

s s PhD (Aquatic Zoology) from the University
(28 EPHRIME B. METILLO finished his | oe(m%?memmmmnce bdibmiog

of Tasmania (1995), as an AustralianInternational . : .
scholar. He i(s & m?, Associate Professor in the Department of Biological Sciences, Mindanao

State University - lligan Institute of Technology-

101



THE MINDANAO FORUM

also prey upon diaptomid calanoid copepods (Cooper & Goldman, 1980),
Other freshwater species, e.g. Neomysis mercedis (Murtaugh a,b 1981),
90), N. integer (Bremer and Vijverberg, 1982), and

intermedia (Hanazato, 19 iC
Mysis mixta (Hansson et al, 1990) also prefer daphniid prey. Species thatare
found in the estuarine and /ormarine habitats, on the other hand, have beep
reported to consume benthic harpacticoid copepods (N. infeger, Mauchline,
1971), and calanoid copepods (V- integer, Siegfried and Kopache, 1980; N,
americana, Mys;dopgs bigelawi, Fulton, 1982; M. glbeSQ, M. didelphysl M.
angusta, Mauchline 1970). Artemia sp. nauplii have also been used as food
tovarious mysid species,e.g. Metamysidopsis elongata, Clutterand Theilacker,
1971; Mysidopsis almyra, Reitsemaand Neff, 1980; Anisomysis sp., Mullinand

Roman 1986). , .
These zooplanktonic prey species vary in escape behaviour, size, pig-
other behavioural characteristics, and

mentation, swimming behaviour and ‘
hence, their vulnerability to mysid predation. Different mysid species vary

in size and overall predatory feeding behaviour which are also highly likely
to influence rates of predation on the various prey types. The present study

examines the effect of various prey types, sizes and behavioural repertoires
) on the functional responses of

(swimming behaviour and escape response
the three coexisting mysids species, Paramesopodopsis rufa Fenton, Tenagomysis
tasmaniae Fenton, and Anisomysis mixta australis Zimmer, in neritic waters

off Tasmania.
Materials and Methods

Experimental Animals

Field collection and maintenance in the laboratory of mysids and the
daphniid prey, Daphniopsis australis, are described in detail by Metillo and
Ritz (1993).

Mature cysts of Artemia sp. (Artemia Revolution, New Technology,
Kent, England) were hatched in the laboratory at 24°C water temperature
and 40 °/ oo salinity. Two day old metanauplii were used in the predation

riments.

Adult Gladioferens pectinatus were collected from six locations in the
Derwent Estuary at a depth of either 1 m or 20 m using a 300 m mesh conical
net. In the laboratory, these animals were kept in 50-litre plastic tubs
containing seawater from the sampling area. At the time of collection, @
large bloom of Coscinodiscus wailesti occurred. Buckets of these diatoms
were collected and placed into thecopepod tubs toserveas food. During
entire period of the experiment, the tubs with food and copepods were
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gently aerated, and kept at ambient ¢
ambient sahnny of 34° /00. emperature (15 oc)' and at constant

prevented prey congregating due to uneven fight distributi

were individually Pipetted into the chamber to ggive de:;?hl:s] :?5 ‘{gels 20
litre™! for D australis and G, pectinatus. Treatment densities éf A'rte;nia
metanauplii were 7.5, 15, 30, and 45 litre". All of these prey densities were
replicated four times. Feeding time which lasted for 2 hours started when
four unstarved adult mysids was introduced into the chamber. At the end
of the predation period, the contents of the chamber were emptied into
plastic buckets. Predator and prey were removed and killed by placing
theminvials containing 5% (v /v) buffered formalin in seawater. From these
preserved samples, predator total lengths and the number of remaining
prey were determined. Prey total lengths were measured from the control
jar individuals. No prey mortality was observed in the control jars, thusany
missing prey from the experimental predation chambers were recorded as
captures. Since the three species of mysids consume their zooplanktonic
prey in its entirety, ingestion/predation rates were expressed as number of
prey mysid™ hour®. Stomachs were dissected out to verify fullness and
confirm that missing prey could bé attributed only to ingestion.

Statistical Analysis

The non-parametric Kruskal-Wallis single factor analysis of variance
(ANOVA) was computed to test the null hypothesis that predation (=
ingestion) rates between prey densities (treatments) were equal, whil_e
treatment means were compared using the non-parametric Q test statistic
for multiple comparison for unequal number of data with tied ranks (Zar,
1984). The functional response curves of the three mysid species were
described from the relationship between ingestion rate and prey density.
Curve fitting was performed using linear regression with replication, and
slopes were compared using analysis of covariance followed by a Tukey test
to determine significant differences between s!op&s (Zar, 1984).

All statistical analysis was conducted using the computer program
SYSTAT for Macintosh computers (Wilkinson, 1992).
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Results
o tional Response o Various Frey TYpes
gt T ey,
(éet:s Table 1) (CV within species <5%). b
Table 1. Predator and prey sizes in the funtions] responses experiments.
st T e
6.0410.13,n = 20 ;lgg:;smse 081001, n= 3
6431041, n=20 Artemis sp 0.7540.09, n = 4
Paramesapodopsis 9454031, n=16 D. australis 0934012, n =97
e 9834046, n =20 C. pectinatus 0814001, n =3
900060, n=20 Artesnia sp. 0834004, n = 40
Tenagormysis 788:037, n=16 D. austraiis 0.9540.10, n =92
e 7851068, n =16 G. pectinatus 0.81+0.01, n =63
7414054, n =20 Artemia sp. 0804001, n=40

Functional Response to Gladioferens pectinatus

Very low predation rates were recorded for mature P. rufa feeding o0

adult calanoi

this largest mysid species ran
of 5litre” to .8 +1.3SD at the
predation rates on G pectingt
types. Nocaptures were recor

ded

ighest prey concentration of 40 litr
us were lower compared to the 0 5
in the other two mysid species (T able
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Mysid species Initial prey dengi
(litre ) e Ingestion rate
. Datus eaten id-
o S mysid? hour?)
mixta australis 10 2
15 :
20 g
Paramesapodopsis 5 0.1740.04
B 740,
ofa }g 050+0.8
o 0.5040.8
083413
Tenagomysis 5 1}
Tasmaniae 10 0
15 0
20 0

Functional Response to Artemia sp. Metanauplii

A highly significant variation was shown in the linear functional re-
sponse curves of the three mysid species preying upon Artermia sp. metanaupli
(F = 6.26, df = 50, p = 0.001). The predation rate values in P. rufa were lower
than those in T. fasmaniae (p <0.001), but comparable to A. mixta australis (p
> 0.05). The predatign rates on Artemia sp. metanaupliiby T. tasmaniae were
double than those by P. rufaand A. mixta australis. All three species showed
an increasing linear curve as gainst increasing prey concentration (Figure

1A). |
)The lowest average predation rate for A. mixta australis was 0.36 + 0.08

ii id 1 at the lowest prey demsity
SE (standard error) metanauplii mysid” hour™ at the ‘oW
(Fig(ure 1A). A. mixta australis predation rates varied significantly over the

{ _ : - 8.67, df =3, p.< 0.05). The maximum
increasing prey concentration (H A5 ]é ed at the second highgt prey

tion was only significantly different from those at the
concentrations (Q < 0.05), while for the :ﬁst 0
not significantly different (Q > 0.05 for rm)lm S alia) withi

The average predation ates DY 1 S0 oy mum of 0.7:+008 5B
ing Artentia sp- metanauplii concentration Wi
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Igure 1. Functional Tespanse curves for the predation rate of the three mysid species

feedi ‘ ; :
eeding on two types of branchiopodan prey. A. Artemia sp. metanauplii. B, Daphnicgsis

australis whens) ¥
fubetsies, Error bars: standard error. Squiares - Amisomysis sixta australis, closed

circle - Paramesopodopsis rifa
L
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8,51 re(;;hmg '; ;.naxmum of 3.5 + 0.33 SE at 45 litre” (H = 16.65, df = 3, p <
_ lffe) ed)g‘m:iﬁ ). The predation rate in the fu'ghest prey cm;centra'tion
differed significantly from that in the lowest prey concentration (Q < 0.005)
but was similar to t_h'e second highest prey concentration (Q > 0 05). Thé
latter was also s_lgmﬁcantly different from the predation rate at tﬁe l;:west
prey concentration (Q < 0.05), but not with that at the second lowest prey
concentrat!on (Q > 9.05). The predation rates at the two lowest pre
con’c;]ntrahon were r‘szdlmila.r (Q < 0.05). ’
e average p ation rates by P. rufa on ' i
followed a_hnegr re.lationship with inycreasin}; prey’::gl?:e‘fl:; txor: fﬁﬁﬁi‘g
values varied significantly {H = 14.25, df = 3, p < 0.05) (Fig. 1A). Predation
rates of P. rufa ranged from 0.2 + 0.06 to 2.0 + 0.13 Ariemia sp. metanauplii
my’s§d" hour’. The predation rate at the highest prey concentration differed
significantly onty with that at the lowest prey concentration (Q < 0.05). The
rest of the rates at the other prey concentrations were similar (Q < 0.05 for

all).
Functional Response to Daphniopsis australis

At the lowest prey density, average P. rufa ingestion rate was 4 + 0.29
prey mysid® hour!, and it continued to increase with increasing prey
density to a maximum ingestion rate of 11.75 + 0.48 prey mysid? hour at
20 litre”* density (Figure 1B). Dissected mysid foreguts revealed 100 %
fullness while those with very low ingestion rates showed 30% to 50%
fullness. P. rufa ingestion rates varied significantly with increasing prey
density (H=14.25,df=3,p < 0.01), although those at 5and 10 litre! were the
same {Q > 0.05). This is because bwo out of the four mysids fed at 10 Litre-
1 treatment density and 1 out of the four mysids at 15 litre” gave relatively
very low (0.5 and 3 prey mysid* hour!, and 2.5 prey mysid* hour?,
respectively) ingestion rates. These mysids were mature females without
young in their brood pouches, and perhaps were about to xr}oult Mysid
ingestion rates at the two higher prey densities differed significantly (Q <
0.05) from the two lower prey densities, but ingestion rates between thetwe
higher prey densities were similar(Q> 0:{15). Themn_cqon':;d response curve
of P. rufa to increasing density of juvenile 2. _austmhs is linear (Figure 1B).

Increasing density of D. australis did not increase pnedahm'} ra'he§ inT.
tasmariae (Figure 1B) (H = 16.66, df = 3, p > 0.24). Very few individuals
captured the prey. The lowest s uccessful predation rate was 1 prey
mysid™ hour’, and the highest was 3. Averages from the tour prey density

4 id ! hour.
treatments ranged from (.75-3.25 prey _mysld :
r Asin T Msgmam'ae, very few A. mixta australis captured the prey. A
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sid" hour" was thelowest, and the higpe,
d not increase predation rates (H=4.13 Wag
from 1.25-2.75 prey mysid-! hoye if =3,
<o curves to the different D. australis conc,
hree mr;?i)g?pecies differed sign'lfiCi_l'}E\y (F= 49.86, df ;;tsra.
tions by the H1FeE S as attributed to the Slgmﬁg_antl'y higher Predaﬁ;p
3 : wmpmd to those in the other two species (p < 0.001) 'I}:,

tes by P. rufa . 1is and T, tasmanige showed no sien:
raredalt?ron rates of A. mixia australis S1gnifican,

difference (7 > 0.05)-

5prey MY’
pre ing pre density di

Discussion

- nal response of predators may be classified into types |, I,
and1l':1le g:ﬁ;ﬁ%%?b)_ The type [ or rectilinear response 18 characterizeq
by a linear increase in consumption rate up toa certain prey concentration
where the rate suddenly reaches a p_lateau an_d stays at zero with further
increases in prey concenteation. Thisis exemnp lified by ﬁltrahon_rate of filter
feeders such as daphniids (Rigler, 1961), and c.a].anmd copepods (Frost,
1972). Thetypellor exponential response isan initial proportional increase
with increasing prey concentration which gradually decreases as saturation
level of prey eoncentration is approached; beyond this predation rates
remain stationary with further increase in prey concentration as in the type
| functional response. These two types of responses have been considered
destabilizing to predator-prey interactions because of the capacity of the
prey to damp predation fates by simply increasing its density. Inaddition,
at low prey density, predators could drive prey populations to extinction
This contrasts with the type I1I functional response in which predation rate
remains low at low prey concentration and starts to increase at a certain
higher prey densitly. The type LIl functional response is stabilising to the

p""{:‘,‘;f‘Pfe)’ interaction and is characterized by a sigmoid type of curve
bt eb);g; . ?d“‘:t"’“al response curve is commonly observed among
in M, el Eoators (Holling, 1965). A Holling type i1 has been fEpel
functional rmppozseg :lpo}? K C0pepod Epischura, but a Holhng tyg elm
al., 1982). Fulton (Qﬁ’ﬁ own foranother copepod prey Diaptomus ( Oerj_
ments on Mysidops; b') reported a type II curve from laboratory eth 2
similar lab R G C,’m"' preying upon Acartia tonsa. In contras .
lon experiment involving M. reficia and Epischu

e oratory predat
ected from i ' il ‘
: a different locatlop showed a linear fu ctional Tespf(:l:)::
tes

(Cooper & B
field zamplg:lggn s 1930): Estimation of M. reficta predation 12 :
food limitation (B:ed A similar linear type of curve which was attributed t;
Ctional response o - Vanderploeg, 1982). These differences I e
sehave beer, attributed to prey vulnerability whichvar®
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according lo prey types and their escape abilities (Folt ef al., 1982; Fulton,
’ 1982.; Ohman_, 1988; Yen, 1983; McClatchie, 1988), predator hunger and
| feeding physiology (Yen, 1983), aggregative behaviour of both prey and
| predator (Folt, 1985), and temperature (Fulton, 1983),

'_"\e three I{ly_-'»id species were not efficient at capturing adult Gladioferens
pectinelus. This is contrary to some reports on other mysid species which
showed highcapturing efficiency foradultcalanoid copepods (e.g. Mauchline,
1980). However, other studies have also reported mysid species which are
inefficient at capturing adult calanoid copepods (e.g. Siegfried & Kopache,
1980). The prey species used may explain differences in results, Low
predation rates have been associated with the extremely agile and fast
swimuning attributes of adult calanoid copepods (Fulton, 1982; Yen, 1982;
Ohman, 1988). The high frequency of this food type from gut content
analysis may be altributed to the fact that estuaring mysids, being scaven-
gers or necrophagous feeders, mightbe eating younger calanoid stages with
weak escape motility {not tested in the present study) or moribond adult
calanoid copepods.

The predation rates by the three mysid species with increasing Artemia
sp. metanauplii concentration ranged from. 0.2 to 4 prey mysid - hour ™.
The three species showed higher predation rates of 0.8 to 3 prey mysid”’
hour * at 15 to 30 prey litre® compared to those reported by Stuart and
Hugget (1992) of 0.54 to 0.83 prey Euphausia lucens™ hour ' at 20 Artemia sp.
nauplii (of comparable body length with the present study) litre, Differenc-
esin the prey capturing mechanisms between mysids and euphausiids may
explain these results. Mullin and Roman (1986) fed Anisomysis sp. with
100 to 1000 Arfemia nauplii lire” and obtained a range of 1 to 6 nauplit
mysid* hoyr'. The mysid species they studied is comparable.in terms of
bady length with A, mixta ausiralis which at 45 prey litre”! showed a
predation rate range of (.3 to 3 naupli mysid” hour. The functional
response by the three mysid species td increasing Artemia sp. concentration
generated were all linear. The linear responses shown by the three species,
donot match any of Holling's functional response mogels. This isattributed
primarily to the considerable variability of predation rates. On the other
hand, the linear responses probably indicate that the initial concentrations

of prey are well below threshold levels. If this is valid then the functional
responses obtained in the present study might form thelinear portion of the
rectilinear {type 1) or perhaps the curvilinear {type IT) madels below the
critical concentration of prey.

Linear functional responses best describe predation on juvenile D.
qustralis by the three mysid species. Similar explanations as those responses
for the Artemia sp. metanauplii are invoked.

P. rufapredation rates on Arfemia sp. metanauplii were lower than onthe
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- inthe swimmin,
. medlffelencesm i gpatte
p. australs. 1€ d rey species ma Msg
1o stages of 2 chiopodan prey Y stropg, >3ng
g'oze; :;apeg:? these ;‘: ; b::f: 1115 predation rates by the twq othil,y "':\ﬂm
on :;atIeJS a)ust.mﬁs and ,jtrtemm sp. nt\e;afmauplu Wera Simy
species for DU 4 ion rates in this case are no s Dyt Opre
indicating ﬂf:fr:gional responses for T. tasMANGe aNC.A. mixia gysyy,,. Wer
es..The e

R in P. rufa. 3
line like U(‘;:t:: size’{‘;sults here suggest that mysig SPecies "
Aside from pre process as suggested from Predation &g fer

handling { 9 ] i e
i e 2chie fng};icient for juvenile D. australis is 44 hf Ry (Calcmated
rufa feeding ! um ingestion rate:of 12 prey mysid" hour! ;
from a maxi

: . 3 2t
rhich is more than twice the 20.2 litre gy ¢ = litre
predation chambe(;)b“ l;{'ac?n f;\al‘an et al. (1985) in M. reficta. In cgm;? :,jlng
coefficient repor.t;_ :cies T. tasmanige and A. mixta australis Predatiop, i
tothese twomysl SP A : tfrom the small size of A. mixta aussrglis its hak:
stillelatively low. Apar : ¢ 2 habiy
areeedin upon small particulate materials {Fenton, 1986} may ©Xplain ghg
:)o[“frpredgﬁc; vates. 7. (smaniae, Gopile Delug Arper thatt A miata gy
still showed comparable low predation rates. Most T. tasmaniae Spent the
two hourexperimental period resting on thebottom of thejar mdugng theip
chance of encountering the swimming D. -au.smzlzs. The fact that thig Species
has been reported to be a substrate specialist and showed .predominaml}.
macroalgal detritus in its diet(Fenton, 1986) may explain the reduced
predatory feeding perfonnapog. ' _ .
Predation may not be limited by prey ingestion and handhng time
considering the very short duration associated with these processes, This
conclusion, which is apparently true for M. relicts (Ramcharan ef o 1983,
will be discussed in detail with particular reference ta the apparently highy
predatory P. rufi and the daphniid D. austrafis as prey. Using the average
ingestion time of .37 min per juvenile D. gustralis, and the maximum
ingestion rate (saturation point) of 12 prey mysid- hour?, p, rufawould only
spend about 4.40 min ingestion time plus 0.04 minutes capture time inan
hour. Hence, if an individual P. rufa is offered juvenile D. gustralis
saturation point ingestion rates contribute only 7.4% of its time, while92.6%
perhaps is spent cruising, searching, pursuing, and attacking prey or other
essential behaviour. Again, Prey morphology and escape tactics/behav-
I thi unced non-feeding period in P. rufi.
that although their model predicts that

: CTuising invertebrate predator would
meanmcre mgeased Encounter rate with its Prey, this does not necessarily cause
ased prey ingestion rates. This is 50 because in real situations prey

€Scape abilities may r : i
with predators, ¥ reduce their chance of bemg ingested after encounters
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phniids by mysids in laboratory experiments.

Table 3. Maximum ingestion rates of da
Mysid Species Prey Intial Prey ~ Chamber Duration Predation Rate
(Location) Density Volume (h) (prey mysid™)
(Reference) (litre™) (litre) day™)
(Size in mm)
Mysis relicta Daphinia 100.0 480.0
(Lake Michigan) 6.9 12 84.1
Grossnickle 1978
cited in Bowers and
Vanderplog 1982)
(14-17)
Mysis relicta Daphnia 148 3 12 341
(Lake Tahoe) pulicaria
(Cooper & Goldman
1980)
(mean=1 5.8)
M. relicta D magna 40 10 120-125
(Gull Lake, Ontario) D. pulex
(Ramcharan & Sprules
1986)
(mean=18.63;2.0)
Neomysis mercedis D. pulex 148 28 12-62 32
(Lake Washington) D. pulicaria 298 0.15-4 89
(Murtaugh 1981b) D. thorata
(9.6-10.2 for individuals
preying upon D. pulicaria
and D. thorata; 6.2-7 4
for individual preying
upon D. pulex)
Neomysis mercedis small
Lake Washington D. magna 25 2 12 60
{Chigbu and Sibley medium
1994) D. magna 15 2 12 37
(mean i SE = large
13.6+0.1) D. magna 15 2 12 256
Paramesopodopsis rufa Daphniopsis 20 2 2 96-288
Present study australis
(9.1-10.3)
Tenagomysis lasmaniae D.australis 20 2 2 24-72
Present study
(7.10-8.8)
Anisomysis
mixta australis D. australis 20 2 2 12-24

Present study

(5.7-6.4)
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feeds on juvenile D australis continyg
2 day, our rest ofn 96 to 288 prey mysid’ day” (Table 3). 4. mixtg E;sn(,n
rates rangin vest daily predaﬁOD rate CO[HPGIEd tq all mysids lis edra]is
showed the IO(; o to size difference. The daily predation rate of tasm, bug
e mamge tzthose of Mysis reficta ingesting D“”"T"‘.‘ pudicaria, ang t:tn%
is compara ercedis ingesting Daphnia pulex. The TINIMum vajyg ;%%
of Neomysis tion rate of 89 prey mysid® day e Wy

in situ NZES L , :
close ta the In i e licta. The maximum ingestion rate js p,

. N] e ~ ) eark, f
h}:un:;:ih(%s;l:‘l;‘ mysid* day”) reported by Grossnickle (1974 cri't}sga-lf
the v

. 1982) who used an initial prey deng; In
Bowers and Var:::f‘:fefi%ng ex;er'unent with M. relicia, Highelrsg,y :f !00
litre"! ina labf:':‘a }be attributed to the motion introduced by the plgnskhon
ra;ﬁ U(‘i 5 n:\ug tice );eeding experiment. It is speculated that these W;tﬂen
:o:;nents increase rates of encounter and successful captureby the mys; df
The increased encounter rate between predatf.ar and prey due to Wakey
movements has been very recently reported (Kils, 1992).

Although the majority were conducted in laborgtory conditions, these
studies have demonstrated that different mysid species show characterisy;,
feeding behaviour in response to the various prey fx?alures. [n the present
study, the classical proportional increase of predation rate in response tg
prey availability isdemonstrated. However, other prey characteristics, such
as gross body shape, swimming movements, and perhaps palatability also
influence the predatory feeding behaviour in the three co-occurring mysid
species.

Various foraging strategies among competing predatory species may
serve as means of achieving co-existence by resource partitioning. Food
resource partitioning mechanisms have been linked with reducing or
minimizing overlap of the food resource utilization curves between compet-
ing species and at the same tune balancing or offsetting the effects of intra-
specific competition {Schoener, 1974). In the case of the present study, the
different predatory feeding behavioural response in the three mysid species
to various prey types indicates a probable feeding niche dimension within
which these three co-occurTing mysid species partition.
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