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ABSTRACT: The life cyile of Coropbinm insidiosiem (Crawford) was investigated for the first ame in
hboratory cultures. This amphipod is mainly a suspension feeder, but it can afso switch to deposit
{eeding. It was cultivated in standing, unaerated finger bowls, feeding on detritus, living or dried aigal
matter, rotifers {Brachionsns plicatilis), or large-sized phytoplankion {e. g. the flsgellsie Scrippsiella
faeroense). A mixtute of these items gave best results and hence was used for long-term cultivation.
Preliminary resulis are presented on ingestion rate (suspension feeding), digestion rate, starvation
cesistance, and elemental and biochemical composition. In the lile cycle of C. msidiosum, several
factors were found to play an important role: temperature, individual age, sex, and in contrast to other
amphipod sprcies thus far studied also the age of the mother animal at the time of breeding. Increasing,
temperature reduces the 1otal life span; the age and size at the time of attaining sexual maturity, and the
duration of marsupial development. It incréases growth and moching rate. At increasing individual
age, the grov th rate, and in males also the moulting =, decrease, while the number ¢ offspring per
brood and surprisingly alse the duration of its marsupial development isicrease. Females genceally
have a longer life span than males, and they show z higher number of moults, higher moulting
frequency and growth rate, and 1 larger maximum body size. Body Jengia and age at the time of
reaching sexual maturity are smaller in males than in females. Furthermore the age of the mother

snimal at the time of breeding proved 1o be of particular importance: Individuals from eacly hrouds
have an apparently longer life span than those originating from tawe broeds, and they have more
moults, imostly a higher growth rate, hxghu numbcer of broads, higher total number of ofkpnnz, and,
surprisingly, also a longer period of incubsting their broods. These major factors have differing
combined effects.

INTRODUCTION

Corophtiem insidiosum (Crawford) is widely distributed in the North Sea and Western
Baltic Sea (Schellenberg, 1942). 1n shallow, brackish inshore areas and estuaries with a high
degree of ruebidity this amphipod species occurs frequently in extremely dense populations
{Dahl, 1948; Muus, 1967; Schiitz, 1969; Rasmussen, 1973; Maurer, 1977; Sheader, 1978).
C. insidiosum has also been reported in particularly high numbers from organically
polluted areas (Anger, 1975, 1977; Birklund, 1977).

Since it is presumed to have considerable local importance as a food item for inshore
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populmons of shrimp and )oung fxsh a; hrsr‘esnmate of it proc.ucuon was madc in an
-extensive field stady by Birklund’ (1977). The first laboratory’ experiments (Lombll’ltd with
) fsc!d aobservations) were published by Sheadcr (1978), shortlv after the prescm mvesuga-

tmn had been finished. -
THL Present .paper. 1eports on some obscrvatlons on nutrition; starvation rcms!zmce

" and chemical composition. of C. mstdeum The life cyclé in. Jaboratory . cultures is
deseribed, and the influchce of some important factors is discussed. Our findings supple-
ment .the, resules obtajned by, Birklund (1977) and: bhezder (1978) twhose Work greatly
incrcased the knowledge of this ccologically important amphipod species. 1t could be
4sh0wn that cultivation of -C. jusidiosum is not difficult,’and hence, iz wxll be gusqble o

“obtain further data on :he bxolo@_‘y and ecology of this specxes

‘MATER;AL AND METHODS

Living matenal was, co!iectcd by dxw.rs, who scraped epifauna from thé surface of
~jetties at Helgoland Harbour (North Sea) and transported it in bags. Ind: viduals of
Corophium insidiosum were sorted out in the laboratory under a dissecting microscope and
" maintained in finger bowls containing 100 ml of filtered sea water. A laboratory population
~for additional observations was maintained in @ closed system as described by Nair etal.
(1978). The salinity of the sea water used in all experiments varied in the range 2%to 33 s
The pH usually fluctuated betwéen 7.8 and 8.4, s
In research cultivation (Kinne, 1977) and in- experimental stud:cs knov fedge of the
nutrm(\nal _requirements of the animal to be cultivated is of primary importance.” The
B suxtabx!ny of several food mixtures was compared in the following experiment: Male and
female C. insidiosien were subdivided into three major size groups: adults (3.9-1.8 mm),
" medium-sized {34 mm) and juvenile (0.9-1.9 mm) animals. Depending on their availabi-
_Imf known numbers of each size group were introdiced into separate glass bowls, each
cc-iraining 360 ml of filtered sca water: The experimental temperaty e was 10 °C £1°C.
Four such seté were prepared and provided with different food combinations: (1) Brachio-
nus plicatils (rotifer) and natral detritus (111 by volume); (2) algal powder (dried and
.ground Ulva spec.), live thalius material (Ulva spec.); and yeast {1 : 1 : 1'by volume); {3)
‘ Sf?zppsze[/.z faevoense (flagellate); (4) “mined food” consisting of 8 phcatu’r: (60 %), algal
powder (30 °/3), detritus (5 °4), and S..faeroense. (5 ey -
A The roufer B. plicatilis was cultivated in the laboratory on yeast suspension, and the
" Hageliate S. facroense in /2 medium, The green alga Utva spec. was collected in the rocky
intertidal zorie of the island of Helgoland, and partly used live, and partly freéze-dried and
powdered. Before use as food, the algal powder was mixed with sea water, and after 2-3
days the scum which formed on; top of the water was removed, Natural detritus was
r‘(ol!ected from the lower reaches of the intertidal zone and later dried at 60°C i an oven.
The mixed food was always left overnight with aeration and light before using ic.’
, In this experiment water and food were changed twice a week. The survival rate after a
woul period of 30 days served as an index of food value. Accordmg to this measure, the
“mixed food™ {ne. 4, see abov«.) gave best results, and hence was used as standard diet
‘ throughout the study. ‘ : :
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le pr d:mmary experiments on. food uptake of C. insidiosum wece performed at

15°C % 1 °C. To determine fecding ratés, for éach experiment 2, males and 20 females (all

* adul ts) werz introduced into bottles filled with 250 m} of filtered sea water. Small pieces of

" ilicon tube served as antificial borrows for the animals. A known concentration of B.

p/:cz'x!es was added, and at 6-h-intervals the concentrations were determined again in

- czpnrm’enm- and contr, o! bottles, The average sngestion rates- were calculated from the
dlhereme? observed over a period of 24 b :

f’)bsu vations on the bchavnuur and life cy de of C. insidiosum were-¢arried out by
mmns of a dissecting, mxcroscope An eye-picce micrometer was sed for size measure-
sieats in live amphipods. Body size was measured as d:stance from the np of the rostrum 0
:he end of the relson. - - - - :

The average time requzred between mgesuon and defecation was esumated ina
separate’ experiment: Another 40 aduk C. insidiosum (3.5 t0'4.5 mm body length) of both
sexes were sarved for 24h, and then placed individually in separate finger bowls
.onsaining sea water {18 °C) with mixed food (B, plicatilis and algal powder), Observations

ere made at 1-h intervals, and the time at which the first faecal pellet appeared was noted.

. The ability of C. insidisum 1o survive starvation was tested in relation o sex, age, and
wmperature. In each experiment, 10 animals were kept separately in finger bowls with
Millipore-filtered sea water (100 ml). The water was renewed every second day. Juveniles

. were vsed for these experiments shortly after release from the brood pouuh The tempera-
tures in the experiments were kept constant at 10 %, 15 °, and 20°C resp cmely Mortality
was noted daily, o

The biochemizal and elemental composition of C. insidiosum was determined. in
material freshly-collected from the field in August' 1978, Animals < 3 mm in total length
and. gravid females were excladed from th: analyses. Wet weight was dérermined after
blotting the amphipods for a few seconds on filter paper. Befare freeze-drying the mazcml
in a GT 2 (Leybold-Heraeus) apparatus 1o constant weight, it was rinsed bneﬂy i frech
water to remove adhering salt. Dry weight was measured atan Auzobalance AD-2 (Perkin-

. Blmer). For blochemxcal analyses, the frecze-drisd material was thoroughly homogenized
‘and treated according to the standard methods described by R.u mont et al (1964). Each

value given later represents an average of five readings.

~Carbon, nitrogen, and hydrogen contetics of juveniles and wdult maies and females .
were estimated by means of an Elemental Anatyzer Model 1104 (Carlo Erba Scienice) using -
Cyclotiexane-2, 4-Dini opheuy]hydra7one & a standard. Dcpcndmg ou the individual dry
weigh, 2 to 10 individuals were analyzed. Eacrgy equivalents were caleulaizd from carbon
_contents using:the N-corrected. conversion' factor of Saloren et al. (19763 and from
'bxochemxcal composition- asing the: f.:.ctora ywn by me«.xg (1971 j and L“e nitrogen
correction by Kersting (1972). E

Studxcs on the hfe cycle of C m;zdmsz; e mdudmg observations on growth fate,
moultmg frequency, fecundity, mortality, anc: maximum hfe span were citried out in thc
laboratory under.thiee dxHerem constant | rrneraturc régitnes: 10,155, :md 20 °C. The
~ standard food mixiurs désc ribed above s given every second day’ aftcr watef chmgc No
aeration was’ ‘applied. Al experiments wef carried otit ‘undera12 : 12- h. phompenod using
. artificial hght from a '40-W daylight n¢n lamp. The culture Was started with joventles
| obmmd in thc labor.uorv trom 35 pain o C. ws'dzosum w\nch tad been collected in the
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field. They were divided.into three groups and éxposed to the three experithenty]

conditiohs.f{'}xéjﬁuer& sllowed to remain together (4 1o 6 n.each bowl) until theis firg

meult. After this moult, thie sexual differences were apparent (cf. Sheader, 1978). Oti¢'male
and-one female were then kept in cach bowl for further observation; in some exceprional

- cases more than oné female was kept with 4 single miale because the natural sex ratio caused
a surplus of females. Later the broods produced successively by these animals :wcré,rcarcd
separately and studied experimentally as dcscr‘ibéd'abvévé‘,f o

vRESULTS ‘AND D;SCUSSIQNl .  .
"Tube building

. Juveniles freshly refeased from the brood pouch build small tubes withip 24 h afrer
they have been introduced into their experimental bowls. After 2 few davs they oftes
discard their tube and build'a sew one. Between the first and the second woult this
 behaviour was observed 3 to 4 times, but in later stagés of its ke, Corophirm st
becomes less ready to build new wbes. - ‘

The technique of tube building and the relationship berween wbe size and body size
are virtually the same as recently described for the closely related species C. fonelli by
Shillaker & Moore (1978).

Fooa uptake

’ " "The four food mixtures deseribed abeve did not cause significantly different mortaiity
: 'xiates of Cgfog/;i.um msidiosssn during 2 > ricd of 30 days. Only if the flagellate Scrippsiclla

| faeroense was given exclwively was smivival less than with other diets. There is always
sorne mortality of juveniles, bur very stde in medium-sized and acult individuals. The
“mired food” consisting of Brachio: s s Hicarilis, algal powder; detritus, and phytoplank-
tion (sec above) resulted in a particuiarly o+ mortality {0 ly 2 juvenilcs) and hence was
regarded as especially well suited for C. ine ivsnni; therefore it was used as standard diet in
all lazer experinvents, ’ B , )

. According 1o these experiments and Ji.< it observations, C. insidiosum is an omnivo-
rous particle feeder. It was never observed J 1ating prey, but normally suspension-feeding
mside its rube by means of creating a curt it This is done by thythmic splashing of the
;vlcf>pods transporting water to the rear. “The antennae were observed directing particles
activaly ioto the tube. Small food particles are transported 1o the mouth by means of the
first pair of gnathopods and masillipedes. Jarge particles are reduced to smaller size by the
second gnathopods or are thrown out with the water current. C. insidiosum is able to turn
within the parchment-like wbe to catch parucles from'the othér end if there is no directed
current. . The javeniles feed in the same's vay as the adults, but mostly on ciliates and other
minute particles, S LT ' L

. The ingestion rate of adult €. insidioss v {at 15 °C) feeding on B, plicatilis has been
determined in preliminary experiments: In oiv ‘experiment water and food wers renewed
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Cevery 6 h tie mgesuon rate mLasurLd was 1576 23 rorifers per am hnpod bl In a parallel
experiment the imitial water and food were used for 24 i here, thc ingestion rate decreased
during the -observation puxod to values of aboui 1 rotifer h™'. Two explanations are
possible for this dcr rease: (1) Water quality deteriorated due to waste products: (2) The
decreading prey wncmtmtwn duc to feeding by C. insidioswm caused a-decreasing
pwedmon ¢ ﬂu.u.m) and u)nacq uently lower 3 average predat;on rates toward the end of thq.
experiment. Afrer this prt.hmmar;. observation, no final conclusions about the true causes
can be drawn, but it seeins certain that only a high frequency of water and food change
ensures optimal nuurition by suspmuon—f«.cdmg, dlone. We presume that this amphipod
speeies switches to deposit fecding when suspension-feeding is ineffective duc to low prey
density. The first explanation scems to be less likely, since C. insidiosumis well adapted to
surbid water of rather bad quality.

C. insidiosnm has been observed feeding on deposited particles such as detritus,
protozoans, and diatoms (see also Dahl, 1973; Sheader, 1978), but mostly acting as a
suspension-feeder. This behaviour was also described for C. bonelli by Enequist (1950).

Sheader (1978) observed a 'rclétionship between feeding acivity and daylength. Inour
experiments this factor was kept constant, and no apparent varistion in feeding activity was
found.

Digestion rate
-

In order 10 determine the time néeded 10 digest the food taken up by Corophinm
msidiosum, the average time berween the beginning of feeding on Brachionus plicatilis and
algal powder (after s‘arvanon) and the first appearance of faecal pellets was measured at
18 °C. Defecation begins after 2 1o 7 h; 50 % of all individuals were found to have
dei&.c‘ltcd for the first time after 5 h. Most of the animals that defecared at the end of this
period were-males. This obscrvanon sugpests a possible f:kstu digestion by females than by
males.

Starvation

It is 2 well-known fact that metabolism increases with increasihg wemperature and
bence, survival time during starvation is C\PLC[Ld to be corr clated inversely w ith tempera-
ture: Surprisingly, this pattern could not be dssuncd) obsceved in Corophissn insidiasin.
The maximal survival tithe of males and juveniles shows the L\pcclt‘d crend: b Gecreases in
both groups from about 20 days at 10°C 1o about 12 days at 15 ° and 20 °C. Females
behave in'a contrary way: Their survival time increases from 35 daysar10°Co 53 days
15°C and 56 days at 20 °C. The cause for this finding is not clear: perhaps there was some
othu (unknown) fat.(()!' mvo[veu at 1g°C. : )

- Another surprising fact is ‘the sxgmf :can:ly higher resistance to starvation of females as
compared with males. This finding can be interpreted by higher lipid reserves of the
females, which have 10 produce yuik mass far the eggs. The maximal survival time (56
days),’ how‘*vcr, 1 muc' sbom:t man found e.g. in. Gammarus duebeni (l\mnc, 1959). In
this brackish waier specics, malts ean $urvive up 1o 101 days at 19°t0 20°C

- - » ’
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Elemental and :b:’i‘Bch@inrdéi com‘pos‘iti’on'

In order to gain somc . data on the organic reserves in C. msuiyosum :malyses of
elemental and bxochem:cal composition were carried out. Analyses of carbon (CJ, mrrogen
(), and hydrogen (H) are summarized in Table 1, those of biochemical constituents in
Table 2. The data in Tahle 1 _explain to spme degree the résults of the starvarion
expcnmc.ms Females contain. much mose organic substance than males and juveniles.
Their energy content remains apparently higher also ‘when ‘caleulated per unit dry wught
(mg) instead of per individual,

Frec‘xlv hatched juveniles have a very high watér content, and the remaining dry
subw.nc:_ contains only: relatively lictle organic carbon. Their energy. equwaient is conse-
quently low. Thas, iris surprising that the sun:wal of starved males is not significantly
}-x;,her than that of juvesies. v -

v -Table 1 N

Coraph: i misidiosnm; Body ww’?n WALer COnLents; e’emcnza] composition, and energy cquwn!ems
tn juventies and i in 2. dult males and females, Absolute values (per md;v:dual) and relative values

(®/ 0r J-mg™ ) .
Componenis . " Juveniles )  Aduls
é3
Vet weight (g3} o %7 462 - 502
Dry o :u’huub\ g 20 - 182 28
Water {72y . : v2 55 ’ 57
c () ‘ 29 49.9 S Y
R 5 144 73 " 352

N (p/gg 6.6 119 T17.8

¢ 31 65 .82
H é,u/g)) 0.5 ) 79 . 129

/s : 2.4 4.3 59-
C/N 46 - 42 43
Energy Jrimd ™t - 007 156 1,64
equivai-nt JomgTh . 3.74 8.56 B

’ Tab]c 2

Coropbim insidiosum; Dry weight, biochemical composition; and energy cquwalems (including and
excluding' chum) n adult individuals. Absolute values (per individualj and relasive valucs .
(s or Jrmg™Y)

Compon&rns ug-ind~Y}-ind=t L Y%]emgTt

Dry weight . CL 240 B o 1\'}0 :

Protein i00.8 42.0 .

Carbohydrate 9.1 : 38 - - .
CLipid. o © 307 : : C 128

Chitin’ LT i T48s e 20.2

Ash - o 74 R T %

Energy el fivia 415 - 17.30

equivalent  excl. : - 337 ) - 14.04
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Biochemical ‘malvsea were only earried oot wih adul Corophi-m insidiosuem (Table

21, Botk compesition and energy contents of this amphipad species corzespond roughly to

_ n;ﬁ‘]le dats found in marine crustaceans {e.g. Raymont ct al., 1971, and other papers cited

therein; Dagg, 1976; Nair & Anger, 1979) except copepods; which are generally much

" yicher in lipids, carbon, and emergy. It i interesting that adule C. fsidiosam are very

smilarin .IH par«meters summarized. in Tables 1 and 2 (including dry wexght} to zoea-2

Jarvac Of Hyas araness (Anger & Nair, 1979).- Crustaceans of similar size, ‘weight, and
nauition ‘ecm‘m"]y have similar. body compouuon and energy contcm"

"S¢x.ratio

The sex ratio {males per females) determined in field populations off the island of
“ivlroland varied berween 0.25 in August and 0.33 in December. A similar pattern was
tound by Sheader (1978) at the northeastern coast of England, but the range of variation
(4.1 w 0.9) was higher than that of our observations, Anger (1975) found highest values in
May (up to 5.67), and lowest values in Septcmber-anber (down to 0.04) in populdtions

of ¥iel Bay (western Baltic Sea). The lowest values. rccorded by Rasmussen (1973) were
about 0.1: .

Intersexes, as obsen ed by Watkm {1943)in. Coropbz.m. vo[uzatorand by Anger (1975)
in C. insidiosurm, were not evident in the Helgoland population. The laboratory- cultures
revealed 2 sex ratio of about 0.67. The difference from the field population cannot be
explained here. Possibly, females have a relatively high mortality when they ate juveniles
{before their sex can be recognized). In amphipods, besides genetic factors there are several
external factors controlhng sex: ternperature and salinity, saht parasites, and others (for
recent review see Bulnheim, 1978). :

Life span

The foll: wing observation is probabl) the o t important one of this stud - - Maximal
life span of Corophium -insidiosumn -varies not only with ecological factors such as
temperature, but also with the age of the mother animal at the tima of spavring.

After the complenon of the first ser o: cultivation experiments, botb maleimd females
were found to fall mainly within two categories regarding life span, number of 1oults, and
number of broods produced: After selecting juveniles from different broods aroduced’ f) :
" females at various stages of zheu- life, the influence of the environmental tesmpe “ature and of
the “status of brood” (early or lare) on th: m:v.mxal life spzn of C. s Wiosum were
mvestigared separately : : i

The results can be seen jn Tabie 5:1r d nduals produccd in riy brood {ivelo.ngevri
than those “develaped’ from late broous; in, noth groups females nermally By fonger than.
males, A s

Increasing Lumperamm reduccs the 1.~ span of C inst'diosxm'?; this influcr ce'is much
stronger between 10° and - 15 °C than betv ¢ 2n 15 ® and 20 °C. The fact that te “status of:
brood” has dn influence on 2n individuak s iife cycle was observed for the furs: time. The-
generally longer Ixfc sp.m m fumalv: nas br: .a described by Segerstyile ¢ {1040" and Muus
(1967) for C volutator. St
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M Grt al ity "

Thc morzalsty pattem ina populanan of Coropbmm msu!zomm is apparentl) mdepen».;
d:,m of temperawure, “‘status of brood”, and sex: There is rclatnely high mortality (3610 .

*/e) in juvenile stages (especially during the time of the first- moult) and again in-the last 2 2,
10 4 weeks of the total life span of the generation under consideration. In the time between
there is cnly very little mortality over an extended period. -

‘Brood mortality (loss of eggs fromi the marsupium) as described by Sheader (19 '$) was
not determined in this study. The number of offspring reported later in this paper was
investigated only as number of juveniles acrually hatched, not as rotal number of egys laid.

Growth and moulting rate

Two measures of growth have been used in this study: Increase in total body ienprh
and in sumber of antennal segments. While the second antenna consistently had 6 «
in juveniles and adults of all sizes and in both sexes, the number of segments in the fiist pzisv
of antennae increased with total body growth from 6 to 9 { in a few cases up w0 10) n
females, and from 6 1o 11 in males. Thus, the number of antennal ségments can be used as
an additional index of growth (Tables 3 and 4}, M1]es of the same bod,r siz¢ usually have i
to 2 segments more than females. .

In Table 5 the most important data of Tables 3 and 4 aré supymarized. Ut is obvious
that individuals produced in late broods not only have a shorter life span, bit also fewer
moults than animals from early broods. This is particularly stnkmg in the fémales, which in
general moult about twice as frequently as do the males,

Animals of both sexes mostly moulted approximately at the same time until they
reached sexual maturity. After this time, males only n'multcd 1 10 3 times, but females at

S

more or less regular intervals, which depended mainly on temperature. At 10 °C, mouiting
rate is-s¢ low compared with higher temper: :ires that in spite of a'long’ i fo span (sec
above), the number of moults does not increase, hut decreases 1o females (Tnb_lc 5).

Six females were isolated after-reaching sexual maturity and kept separately ar 20 °C
withour males. Five of them were found ro moult 10 times, ana the 6th one 8 times (in R
total). The counterparts which were left under the same temperature moulted 14 times, The
towal life span was in all cases about 144 days. This finding is in accordance with those of
Kinne (1959}, 'who observed in Gammarus disebeni that moulting mtervals in females are
projoaged when the wnimals are maintained without males.

The leagth increment per meult is usually higher in males than in females and in
anisvials from fate broods'i it is higher than in those from carly broods. Maximum body size -
is similar in late and early broods, bur there is a significant diffecence bétween males and
famales: The latter always hecome about 1.2 1o 1.4 times larger than the former.
Temperature bad no clear influence on maximum body side in our experiments, ‘

The dally length increment is significantly influenced by several factors: This measure
Jor growth rate in the narrower sense shows an increas mg trend with' mcrcasmg tempera-

wre [especially !ro"n 10° 1015 °C; of. section “fife span”). In femalcs itis usually higher -
than in males.’
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Table 3

Corcphznt insidiosam. Early brood. Growth {mouliing stages, body length, antennal supmients) and
reproduction (broad size and duration of marsupial development) in lzbaratory culture. Mean values
and standard deviatons (in parcntheses)

Mouh . Time Rody- length Antenpal Juvendes  lacubation
No. {days) ) (mmy) Segnients por femsle time (davs)
- 3 2 ¢ @ 3 ¢ - -
19°C
1 5 (0. 6 - -
2 16 (0.0 7 5 - R
5 1.5 {52 8 7 - -
i 33 (0.1 5 8 - .
5 4.2(2.9) 16 b hust wviposinon
6 44002y 1 (G 10 (3}
7 45 (.1 - 9 16 (3) 10 (1)
; § 15 (74 5.6 (C.1) - 9 - 16 171y
9 - 5342; - 5202 - 9 . - -
10 - 15 (3 3.4 {C.1 - 9 44y 16 (9)
il - 3¢ 42) $.6 (0.2} 1e - -
15 °C
1 742 1.2401) & - -
2 21Q2) X1 2240 ¥ 6 - -
3300 W) .29 e % : - -
438 IS} 4D 3AE 9 3 - -
5 79(5) 52{6) 30403 TR 18 8 first oviposition
6 19 (2) 64(2) Aoty 42083 0 H] 5(2; 5(1)
7 - 79 (4) - 13460 - 9 ¢ (3) 3(2)
$ - 88 {5) - a4 - 9 1542 9.(3)
9 - 97 (=) 46422 - 9 12 (3) (2
12 - 106 (2} - £7470) - 9 6y 2%
n - 110 (3 - 30 .0.Y) - 9 28 (3) 9(2
12 - 133 (3) - 3.5 (3.0 - 9 6(2) 13 83)
13 - 199 (-) - 36 (- 1z - -
¢
i 5(2) 1.3 (0.2; 6 - -
2 13 (1) 13 (1) 1.7 (G.1; 1.7.0 01 7 6 - -
3 23 42) 23 26 @1 2AGIH % 7 ~ -
4 29(n) 29 {3) 34(5.2) 3354 © S fiese ouIpositive
5 §2(3) - {2 3TN 34 12 8 5 (0.5} s
& 118 (2) 52(3  <5.2{02)  35(C1 1 8 6 12) (2}
7 - 67 {3} - 3.5 5.4 - 8 - -
8 - 73 (2} - 360X, - § 8(3) 6{1)
? - £9 (2) - 3700 - 8 6 (1) 6 (2)
1c - 100(2) - 4002 - 9 16°(3) 10(2)
oo 157 {3} - 4405 - 9 36 (4) 122
12 - nsGy L - so(.y - 9 6(3) 122
13 ~ 1313y, - - 53~ ~ 9 - -
4 - 2 - - 59 - 9
—

It is of course also dependent on the age f the animal: From the first to the 4tk moukt
. LA
i is mach higher than later (Fables 3 and 4). fa Fable 5, these data arc compared dirsctiv.
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Table 4
Corophiym insidiosim: Late brood, Growth and reproduciive characters. -
' (For explanation see Table 3) 2

Moult Time Body length - Antennal vjuveryxilvcs:” Incubation
Na. .- {days) {rmni} segments  per female  tme (days)”
a ¢ d 3 ¢ . - -
12°C ‘ .
- “@ - 1703 6 f - -
2 MB) 3@ 2401 27(02) 7 .6 - Lo-
304700 & (3) 3402 34{1) 8 7 - -
4 873  e0(2) 41{02) 33001 9 8 11 ¢2) (2 (3)
5 0 119¢7)  $2(4) 44(02) 44003 to 8 - -
6  158(1) 98(3) 46 (- 45001 1 9 15 (3) 14 (3
7 - 142 (2) - 53(2) - 9 16 (13 14 (1)
- 15°C - . ‘ . i
1 9 1.3¢0.1) 6 -
2 30(2) 303) 2803 27(02) 7.7 .
300433 43 31{02) 3200 s 7 -
4 69(3)  s4(3) 351y 3501} 9 &
5 - 62(2) . - 37(02) -~ 8
6 - 89 (3) -, 3.8(8.2) - 3
7 85 (3) - 42002 - 9
8 - 98 (2) - s4(02) - 9 - N
20°C
1 111 2@ 76 -
2 25(2) .35 22402 2204 8 7 - -
3 33 (1) 33(3)y 2803y 3.0(c1) 9 8 first €9 with epgs
F0089(y s0(»  38(c1)  32(02 10 8 8 (2) 7)
5 = 61 {2) - is @4 - 9 10 (3 7(%)
6 - 69 (3). - 803 - 9 - -
7 - 79 0 - 50w - 9 16 (9 10 (2)
8 . - §9 (2) b 5.3 (0.1) - K - -

Hlere the trends discussed above become visible again. Morcover, the complicated influence
of the origin (“status. of .brood””) becomes more obvious: In eaily-brood individuals,
rvenile growth is more or less independent of sex, but highly dependent on temperature..
‘.\W_hcn these animals become older, their groweh rate becomes more dependent on sex:
females grow twice as fast as males. In fate-hrood animals, the pattern is different. Here,
females aiways grow much faster than malzs, and the remperature’ effect becomes even
stronger in _old_er than in younger individuals. e L R :
The growth rate of juveniles (until the 4th woult) observed in our experiments is
raostly larger than found by Birklund (1977) for vary young stages in the field. This fact. -
reveals very good growth conditions in our caltures, Direct com'p'arison, however, is not
possible, since there is.no control of food, temper: wre, and other important factors in the
field. o ' LT S
Sheader: {1978) a!so,describe‘d growth of é.“dfopbium insidiosum in a laboratory
cultare. His values for body size in relation o n wult stage are much smaller than ours.
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"able 5

Corophiur: iitsidiosiem: Survey, of the most inportant life- cyde data in early- and Ian:-brood
mc(n ldmls, and at different temperatures.

Uife-cvele crieria - Early brood .

Llf&:%f{f.](‘— eriteria o v )'15}}' 20° . Latczk;:nod -
yaximal life spar + & 215 140 184 - 164 163 91
{day's) ¢ 2y 182 142 163 109 110
Number of "3 6 e 6 & : 4 4
moults @ 1 13 14 7 8 . 8
faximal boc.) 3 44 44 4.5 C 46 35 g
l:mbkl) hn 2 3.6 56 5.5 5.5 48 54
Growth g . 073 .73 075 077 088 0.90
.\,;\m) per moult e . .51 0,50 . 0.39 0 79 0.60 0.68.
Growth {moualt g 32 7t ©87 33 - 37 31
Lio IV) (ran day ™) @ 33 74 .83 48 49 56
Growth {(moult I3 8 10 Sy 7 - -
{V o fast moult . ‘ . : :
(um day ™) 7 14 21 19.. i7 20 43
Number of -
broods per female . * 7 7 ? 3 . 3
Juveniles per female 46 88 83 42 2 ‘34
Number of - ' - N L ’
faveniies per brood Lo 126 19 14.0 87 113
Incubation time (days) 132 89 83 127 87 80
Sexua!l maturity of @ 9: .
time {days) , v 99 52 29 0 54 3. |
stze {mm) a0 37 33 39 32 3.0 \

Unfortunately, he does not provide inf ormmon on the temperature nor on the food uscd
in his experiments. Thus, the causes for this hxgh difference observed in growth rate per
moult remain inknown.

Atrainment of sexual maturity

The age at which sexval maeurity is attained by Corophinm insidiosum is m'ainly

dctermmed by temperature (Tables 3 to 5): In fernales it takes about 1 month {afrer release
frem the brood potich):at 20 °C, almost 2 months at 15°C,and 2 16 3 monihs at 10°

Except in-the case of 10 °C, no apparent differences berween amphnpods from easly and fate

broods could be observed (Fable 5). ' - ,

- In several additional expenments males were found to reach sexual maturity ‘prior to KR

the females. The datfercnces observed varied bétween 11 and 21 days,

The body size at which maturity is atrsined depends not only on temperature, but'alse.

on the “status of brood” (Table'5). At increasing temperature the effect of increasing

growth fate canniot ‘neutralizé that of accelerared sexual maturation, and the amphipods

. become marked!y smalier wiren they first reproduce. Individuals of late broods were fpund
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o be smaller than those of carly broods’ when ‘hcy re'achcd mat ity (T able 5), and males
were usually smaller than females. ‘ : o

Depending on temperature, the femalcs ..hownd xhc:r first ovzposmon afrer the 4th to
. 5th moult (early-brood), or 3rd to 4th-moult (fate- brood runma!s 3 (Tables 3 and 4) 'I'h(.
males. were found able to fertilize them after one moult less, : ;

In the Holbaek Fjord area (Denmack), C. insidiosum was observed ro reach sexua] .
maturity  after about 25 days during the warmest period gear]y summer) in the fivld
(Birklund, 1977)." At much bigher tcmperatures (.)0~34 °C) in the Mediterranean Sea,
Casabianca (1975) found the same species reaching maturity within 8.5 t0 20 days. The
values found in our experiments represent typical temperature regimes of the Notth Sea
and Balric Sea rcglonr from spring to autumn. Decreasing average body length at-the time
of first ovipcsition with increasing environmental temperature was also observed by Anger
(1973), Rirklund (1977}, a ‘.nd Sneader (1978) :

Mating behaviour

In Corophizm insidivsnm no precopulaiory riding behaviour has been observed. Aftes
swimming around for a while, the-demale generally enters a tube occupied by a male. The
two animals stay at the opposiie ends of the tube with their uropods wouching each other, -
Occasionally, they take a turn within the wibe, gilding over each other. At intervals, the
male presses its body for abeut 15 te 20 sec against the female and then returns to its
original position. This process is repeazed several rimes, until the female moults 810 10 h
later. Alter the moult, the male mounts transversely across the female, holding it with the
antennac and bending its abdomer underneath it. In this way, the 7th segment of the male -
comes into contact with the ventral side of the 5th segment of the female, where the genital
openings are located. Within 15 or 25 min, copulation takes place 3 1o 5 times. Thereafter,
the male moves to one end of the tube, and 15 to 30 min later the eggs are laid. At the tirne
of oviposition, a last copulation is carried out. nerhaps ensuring that all eggs are fertilized.
Sterile eggs were only scldom found. After raating is finished, the female uiives away the
male from the tube, and it remains aione unril the juveniles are fiberated.

Incubatian of eggs and hatching ‘of"juveni}es

The tme between o\'iposmon and }ntchmb of juveniles {incubation period) is
influenced not only by temperature (Table 5), but also 10 a h:gh degree by the age of the
fernale (Table 3 and 4) and a liuly by the “status of brood™ .f the female (Tablc 5). -

As expected, increasing temperature shortens the incubation period (average Q
between 10 and 20 °C = 1.6). The broods of older females take smuch longer to develop than
those of younger ones, and early-brood females incubate their offspring longer than do the
late-brood females. The latter influence, however, is. much weaker than the formwr. -

While temperaturé is Lnown to influence physnologlcai processes, it is fess cléar forthe
_orher factors Dxfferenc.es in some xmporram enzymes or in the Liochemical zomposition of°
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the eggs are possxbfe espian‘uons Moreaver the size of the mriy unday elopcu eggs ch'mgcs
gradually: It increases {from 0.3 to 0.42 mm diaimeter with increasing age of the mother

animal. This facr, which-was determined in additional cultivation experiments, certainly - - \

" also contributes 102 prolonged developmental titse.

Afrer harching, the juveniles stay.ior another 8 1o 10 hin'the brood pouch, then they
are released by the mother animal. Abour the same period of prolonged brood protection .
was also found by Sheader (1978). It is very short as corapared to that in other amphipods;
e.g. 5 days in Coropbium valxtator (Muous, 1967), % 10 15 days in Gammarns dsehen .
(Kinne, 1959). The ;uvwdcs are ivever allowed to reenter the brood *\ouch Their initiaj
body length after lxbcrmon varied from Q.5 10 0.8 mm, . e. somcwhat less than observed -
by Birklund (1977) in field saniples and by Sheader (1978) in the laborarorv ,

Comparative values on the duration of marsupial development of C..insidiosam ace -
given only by Sheader (1978). He observed an incubation period of 11 days at 15°C (i, ¢.
abour 25 %2 longer than our findings), and 39 days at 5°C. The Q,, value for this
temperature. range is 3.5; this is more than double the value between 10° and 20°C.

Number of offspring per brood

The number of eggs produced by a female i a single brood varied from 5104C: Agiin, -
several factors were found fesponsxble Temperasure has oaly lirtle cffect in late-brood ‘
females, but a considerable effect in animals from early broods (Tables 3 sud 4). Generally, -
there is the trénd that the maximum possible number of olfspnng (s c. msrmaﬂv the last
brood but one) increases with temperature. : ]

The number of eggs produced in a single breod. increases very much with the age of
the mother animal. This increase can reach a factor of 7 (Table 3); its amount i enhanced
by temperature i‘ncb_rease, ;m'd it is roore swriking in fernales originating from early braods '
than in those from late broods (Ta5les 3 and 4). In the former group of females, which have
more broods in their life than the fatter group (T :ble 5), the last brood prod: - ed is again
much smaller. There, the number of egys is similar 1o that in the Youngest reproducing
stage. Ths wread hz.d also been {onnd i1 other amphipod species (e. ¢ Kinne, 1959, 1961},

Sheader {1978) observed an annual cycle of braod size in femaics of comparable size
groups. Like Anger (1975}, he found a.evimum numbers o eggs in May and declining
vihies 1oward the end of the year. Varia ion increases with increasing size of the female,

Numbesr of broods /
Females ongmaun;, from late 1 ioods usuallv reproduc:d 3 times in thL‘ﬂ' life,
indzpendently of temperature (Table 53 larly-brood females sévealed an apparent tempe-
rature dependence: At 10°C they proiiced 4 broods, at higher, remper:mxres (15° and

28 °C) 7 broods. chct the total numb: ¢ of of(s;mng is about the s same in both groups at ., .

15°C, butis mose than twice as much iy !1 : latrer géoup at hxgher rcmpemw"-'s (Table5). .
Our findings on fccundny of Corog ¥ ium insidiosum reveal the principal ability of this -
species to produce miny generations pe: Yvar and ‘thus a very high aumber of offspring. In
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the field, however, wherc food and tempemmre conditions -are not opums.[ over the wholc
year, much smaﬂ\,r numbers were observed: Sheader (197 8) found only 2 generations pcr'l g

year on the north- -eastern coast of England, Anger (1975) found 3 genetations in Kiel Bay = :

(Western Baltic Ses), and Casab;am.a. {1 97‘3) distinguished § 106 5 generauons near Corcxca_ .
- (Mediterranean Sea). »

= CONCLUDING REMARKS

The amphipod Corapbmm insidiosum has for 1he fu‘st time bcen cultivated erearedJy
i the lsboratory over.its.entize hife cycle. It could be shown that this spec:es does not
demand 2 complicated ‘cultivation technique nor anyspecial food which is difficul ro
provide. Since C. insidipsum is adapted to turbid coastal and estuarine waters, no elaborate
or sophzstlcar“d water-quality management is necessary. These opportunistic churacteri-
stics {cf. Anger, 1977) make the species a-suitable laboratory animal for further studies on
life cycle, physiology, ecology, and genetics, as well as for aquacatture purposes.

Several factors proved to have crucial roles in the lifé-cycle of C. insidiosum:
temperature, individual age, sex, and the age of the mother animal at the time of breeding. .
They have both single and combined effects on the total fife span, growth and noulting
rate, anainment of-sexual maturity, marsupial development, egg frumber per brood, and
total number of broods produced. However, several questions remain open after this first
laboratory study on the whole life cycle of this species.. Therefore, and for the above
reasons, C. insidiosum is a promising subject for fulure studies in dxfferenc fxelds of marine
biology. ‘

Some pccuharmes found in- C. 1nstdwmm but not in other amphipod :pecn:s shouid be
of particular interest for sch studies: The ability o utilize different food resources by
switching from deposit feeding. to suspension feeding and vice versa widens the ecological -
niche of C. insidiosum and tius makes it opportunistic. The study of niche width and
resource partitioning in diffcrent communities should provide further infe nation on the
ecclogical role of C. insidiosia.. ' ’

The mating behaviour is alt ¢ very pecubiar: The female seanhcs the male and enters its -
ube; this finding is in centrast 1o the behanom observed by Watkin (1941) in C. volutator

~-and even more €0 to that knov. 2 for other amphipod groups (e. g. Schcllenberg, 1942).
Further biological observatmn +hould be worthwhile. : ' v

"The important vole of the “::2tas of brood” (origin from an early or late brood of the
niother animal) in the life -7 cle was observed for the first time. It is not yet clear if this is
only 2 unique ﬁnding in our material, » special characteristic in C. insidiosum, or a widely
occurring patiern: | in amplup- «ds, Furthe - cultivarion experlm“nt.s are supposed to elucidate

ihis enigma. : SRR

»icizm;.y!edg,cmmts The et author ¥ d«.cply mdebted w0 Prot. O. Kmne, Diréctor, onlog:sche
Ansealt Helgoland (FRG) for y1v :dmg 7 srking factlities at the Marine Biological Station Helgoland
and also for the constant encovragement  <tzrded throughout the period of studies: He is grateful 1o
Deatscher Akademischer Avsizuschdiens: (FYAAD) for financial support, and to Dr. 5. Z. Qasim,
Direcror, National Institute ¢f Ogeanography, (C.S. 1. R.), Goa, {India) for his interest in this study -
and for aflowing him to carry.cist this work ¢n dcpu:anon The aushors wish 1o express their thanks o
Ds. W, Greve and Dr. E. Hagir cier for suyr iying the original “sexd” cultures of Brdcbtom«s phicatitis



Life cycle of Corophinm ins. liosum 293

+ad Scrippsiella facroense. Thanks are due to Dr. J. Markham for correcting the ma=uscript and to all
<1aff members of the Marine Station at Helgoland whe have helped and contributed (o this work from
time 10 vme, ) )

'

LITERATURE CITED

Argrr, Ko, 1975 Eenthos und Abwasser. Diss.,"Univ. Kixd, 327 pp.

ces, }-l)rdrc-biol. 82, 245-254. i
3 Nair, €. K. C., 1979, Laboratory experiments on the lasval development of Jiyas aranews
Drecapola, Majidae), Tielgolinder- wiss. Meeresunters. 32, 36-54.
“siiend, J.. 1977. Biomass, growth and production of the amphipod Corvphiim nsidiosum
Crawlord, and preliminary notes on Corophium velitator (Pallas). Ophelia. 16, 187-203.
Ahenn, Fi D) 1978, Interaction between penetic, external and parasitic factors in sex determination
of the crustacean amphipod Gamrnarus duebeni. Helgolinder wiss, Meeresunters. 31, 1-33.
Ca sbianea, M. L., 1975, Méthode de caleul de 1z production par estimation de Ja morualité. C. r. hebd.
Séanc. Acad. Sci., Paris 280, 1139-1142, .
Dagg, M. J., 1076. Complete carbon and nitrogen budget for the carnivorous amphipod, Cadliopius
feavinscules (Kroyer), lnt. Revue ges, Hydrobiol. 61, 297-357.
Dahi, E., 1948. On the smaller Arthropoda of marine algae, especially in the polyhaline waters of the
Swedish west coast. Diss. Lund., 195 pp. (Unders, over Gresund 35).
— 1973, Ecological range of Baltic and North Sea species. Oikos (Suppl.) 15, 85-%0.
" Enequist, D., 1950. Studics on the soii-bottom amphipods of the Skagerak, Zool. Bidr., Uppsala 23,
297-392. - -
Kersting, K., 1972. A nitrogen correction for calosic values. Limnol. Ogeanogr. 17, 643-644.
Kinne, O., 1959. Ecological data on the amphipod Gammarus duebeni. A monograph. Verdf(. Inst.
Meeresforsch, Bremerhaven 6, 177-2C2.
— 196). Growth, moulting frequency, heart beat, number of eggs and incubarion time in Garmnarus
zaddavhi exposed to different environments. Crustaceana, 2, 26-35. :
~ 1977, Reseacch cultivation. In: Marine ecology. Ed. by O. Kinne, Wiley-Interscience, Chichester 3
2y, $79-1293.
Maurer, D., 1977, Estuarine benthic invertebrates of [ndian dver and Rehoboth bays, Delaware. lnt.
Revae ges. Hydrobiol, 62, 591-629. ]
Muus, B. J., 1967. The fauna of Danish estuaries and lagoons. Meddr. Danm. Fisk.-og Havundess. 5,
1-316. .
Nais, K. K. C., Gopalakrishuan, I. C., George Peter, M. & Rao, T.S.S., 1978, A\ closed sea water
circulating system for the cultivation of mariae and estuarine organisms in the {abocatory. indian .
1. mar, Sai. 7, 159-162.
= & Anger, K., 1979. Experimental studies on the life cycle of Jussa falcata (Crustacea, Amphipoda)
Helgolinder wiss, Meeresunzers. 32 (In press). )
Rasmussen, E., 1973, Systematics and ecology of the Isefjord marine fauna {Denmatk). Ophzhia 11,
1-495. .
Raymont, J. E. G., Ausun, }. & Linford, E., 1964. isiochemical studics on marine zooplankton. 1. The
biochemicai composition of Neomysis integer . J. Cons. perm. snt. Explor. Mer 28, 35+4-363. .
'~ Srinivasagam, R. T. & Raymon, ]. K. B., 1971. Biochemical studies on marine zooplar_kan‘ IX.
The biochemical composition of Euphasia superpa. }. mar. biol. Ass. U. K. 5t, 581-385.
Salonen, K., Sarvala, ., Hakala, | & Viljanen, M.-L., 1976, The relation of encrgy asd organic carbon
_ ™ aguatic invertebrates. Limnol. Oceanogr. 21, 724-730. ,
%chcllenberg, A., 1942, Flohkrebse oder Amphipouen. Tierwelt Dil. 40, 1-252. o
Segersieile, S. G., 1940, Zur Biologic des Amphipocien Corophium wolutator, nchst Angaben iber die
Eniwicklung und Rickbildung der Qostegiterborsten bei dicser Art. Comment. biol. Soc. sl
‘ Feun. 7, 140, 5K ’ . .
Sheader, M., 1978, Distribution and repreductive bistogy of Corophivm insidiosum (fmphipoda) oa
the rorth-east coast of Ergland..}. mar. biol. Ass. U, K. 58, 585-5%%. oo

1

1.

. 1a77, Benthic invertebrates as indicators of organic pollution in the western Baltic Sea. Int, Revue

[a)

(



294 - K. K.C. Nair K:Anger

Shallaker, R. O, & Muorc, P, G., 1978. Tube building by the amphipods Lembos websteri Bate and
C nmplnum bonrellii Wilne I,dwards. J. exp. mar. Biol. Ecol. 33, 169-185. -~ -

Schiitz, L.,.196%. Okologische Untersuchungen iiber die Benthosfauna im Nordostseekanal 1T

Autokolognc der vagilen und hemisessilen Arten im Bewuchs der anhk Makrofauma. Ine Rev.

- ges. Hydrobiol. 34; 553-592.
Wartkin, E: E., 1941, ﬂu \e"*ri)‘ fife cy..lr; of thé amphipod (,oropbmm volutator., 5. Anim. Ecol. 10

77-93.
\V:rbe.rg,G G {Ld), 1971, Me:had: for the estimation of producuon of aquanc animals, Acad. Press,

Londor, 175 PP





