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Laboratory exper:.:ments wefe conducted to 1nvest1— .

2w -

';» gate the effect ,of fresh or frozen foods of mar:.ne orlgln

. were all correlated W.’l.th the dlets.

‘e
»

; septemspznosa, under constant tdmpeﬁature condltlons.::'The

d.rets tested were blue mussel, squld, caplm, and Tett:raMJ.n, \

r‘. . . ' N \_ R
alone and 1n comﬁlnatlon.; " ; T

= IA‘ .
o

‘ ShrMp grew best on mussel and mussel comblned

L U ci :'“ TN Sy 4 :
S oo o1 y .

' '_'dJ.ets liand, less well on sun.d R
PR : N

d qits - combmations w:.th

frsh and '.EetraM:Ln. The poorest growth was observed w1th

TetraMrn and 1ts comb:.natlon with fJ.sh. - MoultJ.ng 1nt.ervals, K L

3

overall growth rgtes ,,’ and the surv:.val of the sand shr;\.mp_, .

R L

v‘,_

Ammo ac1d analyses showed the closest s:.mllar:.ty

betWeen mussel and ttye/shrlmp, TétraMln had thenleast

srmllaritles, and Squld and caplln were 1ntermed1ate. Thus,

am.l.no 'ac:Ld content of the dJ.ets),

Substrate partlcle s:\.ze and colour selecE{pn//

T

| ts showed that Crangon septemsptnosa. prefer sand to

and reject s‘ubstrate Wlth particles blgger‘ than

v" . -

\ '."‘-

.

Dol n Long Pond Newfoundland, a S1ze dlfference was ' ,A .

Juvenlles were collect—i‘-',
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' The first,egg—darrlers were large females, in July s aiie’i:'"Y-:‘ U

AP LI shr:.mp were carrylng eggs. Egg—caz:rylng females werg not = . . .. ,.",.
W L collected 1n September and are presumed to have meved/mto

AP S deeper v)aters.. , : Lo T ':‘-:-
Sy A Ehe mode of appearance °f the P°pu1atl°ns segments

: suggests an extended breedlng season. Egg—carrylng females.
ex:n.s for 11-148 months, m:.gratmg 1nto deeper water w‘ith
S a: 'ss of the egg development.,_ M:.grat:.on of the !
o ’ - w-n— ' s o {

£

Tt b:.gger a:m:.mals takes plade w1th the coollng of the waters

S

“oe K\
and 1nshore mlgratJ.on, wa.th the mcrea% of the temperatuFe.
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' K o4 om

Percent surv1va1 1n ‘the common diets of the two - -
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I -INTRODUCTION SN TR Iy - 1:‘; BT RNV

“A; - Of all the crustaceans sultable for sea farmlng,

) = shrlmps are the most 1mp0rtant and*are exten81vely farmedutlnd‘f‘ﬁ:‘:f 3
Jo ; ) In many troplcal countrles, espec1ally those borderlng,tﬂk R :gf
R IndoJPac1f1c reglon,'shrlmp and prawn farmlng has oeen pur'rnii;ﬂjgjt:‘%:
f;‘: L sued1fo;.a‘ionﬂét1me.“ Innthe Unlted States, where the RERne ’:%H:
..J penaeld shrlmps form the most valuable commerc1a1 flshery of '_g:;‘“ :i;
: . f.i;crustaceans,,lnterest has developed 1n the posslbailtles of‘ Zfzfziulﬁii’
3} t : aff;shrlmp farmlng since the early 51xt1es (Allen 1963) é"f:ﬂ?fii?xj}fjﬁ‘
:? t:ﬂEngland, studles on methods of cultivatlon of prawns started _:-"fgg
. Tinat about the same-trme (Reeve 1969) ﬁh;#.ishxf;f{ﬂ:ffllff:ﬁ AE'?LQ“?%S
) e . It‘ls belleved that lf shrlmp culture'ls to-suceeed;Fh‘in':igy

B ’commerc1ali&, 1t must be practlced‘onAan 1ntens;§e basy;. ;‘;%d‘y, Lﬁ:i?};

: ';3u. A prerequlslte oi\such a culture/is a, sultable dlet.; Thls'f'

< e - ~'}> ot .

4 *rﬂﬁ_: ;o bellef prompted studles on dlets for the shrlmp. In Japan a<

: f‘}'ﬂmlxture of trash flSh, shrlmps and clams is fed to prawns in f?jgf\i“f;}:

fponds (Hudlnaga 1969) and recently the development of com-ir]:ﬁih
o ;pounded dlets is under 1nvestrgatlon (Shlgueno 1975) 'ynfsgvhf'
T';‘; ffff:’r}::England”blologlsts also 1nvestlgated the comp051tlon of -’Fff‘; T 31?;'

-ffreshly—prepared foods and compounded dlets (Eorster 1970,;”;H-?ﬁ h"f,"?i

.id'f-7;’:'f:7Forster and Beard 1969, ;', Reeve 1969)., In these studles ‘fﬁf}f_f-;}t"

L
: }in ri55?¥ jffthe Crangonzdae were aimost 1gnored ééén when Regnault (1970) | t}lf;li'
- -;hgﬁfl['iidikfnotlced that Crangon septemspinosa presents an undenlable E}V‘iff‘,a;f;‘
; : interest ‘for. culture because of its abbrerrated Juvenlle 'Ti;’ffii:¥¥-*
: e ‘development. ;ﬁhr;ig”“f“hjijg{fi; uQ¢fﬂhx”:'“".‘Zin :?};L:”'ifwhﬂi‘
{3:4 ?‘ % {ﬂ‘-;,3fé"r Before 1962 G.,sep;emspznaﬂa had recelved llttle'g;igtdﬁﬁi;j
'_‘Mvattentlon in- contrast to’ numerous studles on related specres‘ }tlf{fia'
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of commerC1al 1mportance, especrally the European Crangon

vulgarts., Although not hlghly valued commerc1a11y, 1ts role

: 1n the estuarlne trophlc 5pectrum has been recognlzed L

(Dalber 1959ﬂ Shuster 1959, Pr1ée 1962), and 1ts growrng
1mportance has promoted studles on feedlng (Welsh 1970-
Wilcox 1972 Wllcox and Jeffrles 1974) and grbwth (Regnault
1970 1911 1972, Wllcox and Jeffries 1973) Ih addltlon,

oo

phy51ologlcal aspects of tolerance of the sand shrlmp to

o env1ronmenta1 factors have been studleg (Haefner 1969a, l969b

' 7 1970 197l,~1973 1976) and descrlptlons of varlaus aspects

':Z Of«lts llfe hlstory throughout most of 1ts geographlc range

A//'

have been made Delaware Bay (Prlce 1962), Malne (Haefner .
1972 Emblch 1913), Newaundland (Squlres 1965), Rhode Island
(Wllcox 1972/ A : .

. L. . e
e . . K . . Lo

: ﬁ The objective of thls study was to determlne 1f

‘ : '
3 .

Crangon septemspznoaa would grow equally well when fed sxngle

'and comblned d1ets of fresh or frozen foods -of marlne orlgln.fﬁf‘

1

The speclflc object1Ve was to test the effect of dlets of

s

blue mussel, squld and flSh as well as TetraMln; alone and

1n comblnatlonron the growth and surv1va1 of the sand\shrlmpﬁ "

I

: under constant temperature condltlons. ',f”“.?*ffﬁﬂ ai ?fff'il&r/”h'
0 . : o . M : i
M !

‘ -butron-' From thelr wol

A second objectlve was to study the selectlon of TJ'i~5“

Substrates by the sand shrlmp Verwey (1948), 1n an excel— j R

lent paper. approached the subject of the habltat selectlon ?f“"

f marlne anlmals 1n varlous Ways and W1111ams (1955a, 1955b,:n31;' -

1958) dlSCUSSed the 1nf. hi e of cover 1n estuarlne dlstrl—
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‘.of the an;mals whlch are closely assoc1ated w1th the bottom..'

‘. . . . - N L. - R
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‘f.substrate may have an 1mportant influence ‘on the dlstributlon : L ;'ﬁ”

1 ..,

Many observatlons conflrm that varlous specles are often _‘;"(¢:‘Ylwl.§'

found on certaln types of bottom. However, moblle anlmals ﬁfihﬁﬂ

. ¥ ' “u,f'mvf.; i
may ksea;rch_f;%fu.dell,' fOr food or cover and be J.n a way lndepen- | R
' dent of bottom type at]other'tlmes,respecially durlng mlgra-‘ ) f

tlons.z Knowledge of ese relatlonshlps 1s llmlted It 1s :?_35f1}1;iff

~unknown whether dlstr butlon may largely be 1nfluenced by the : N
nature of the substrate W1thout dependencywof the food ‘“ﬁifi;';ffi;f{

Supply or whether favored habltats are those W1th food

v regardless of substrate compOSItlon. In thlS connectlon, as BENERTI B
N S

/ L
Crangon septemsptnosa 1s an unspec1a 1zed feeder, the p0551— (G S

blllty of the spec1es attractlon to bottom type lS of 1nterest. ‘;“'~:b |

’ A ‘ In view of the cmted ev1dence,,and other publlshed ‘ ; Li
observations, {he laboiatory experlments were desﬁgned to 5“‘ f . ?%
test the follow1ng null hylothesis:‘adhlt C..aeptemspznosa ;" ‘ t, ;g
are‘not attracted to partlcular b\ttom types, as regards to ) ~}{
the partlcle 51ze and colour, when these substtates lack food.,~yr? ;

If thlS hypotheSLS was conflrmed dhbstrates - partlcle 51ze",
; . ) I

and colour = would be con51dered to have 11ttle or no.. ooy

.-1nfluence on shrrnp dlstrlbutlon. If the hYPOtheslézéas LA
‘rejected,:some other 1nfluence, obv1ously substrates\could J;:;< | :
be cau51ng departures from the~expé;£ed dlStrlbutlon.‘frihiﬁfl RO if
T%;i;i i Ancxllary to the ‘main- cnjectlves, Crangqn _'d§:~yf‘5£'
'septemspznosa was studled 1n the fleld to obtaln an uﬁd;;-[f{;,’“ : ‘

)

i standlng of some aspects of the shrlmp s ba51c hlology ln,;xjﬁ




. ) o
years study of a pog@%@¢lon and- changes 1n g .
.‘} y o

. Durlng thls study the varlous stages of

Cr o
~ )




'izi'Callfornla waters)(Israel 1936) Howevég the taxOnomlc

‘\ . '’ . . “

II. LITERATURE REVIEW OF THE SAND SHRIMP

The Blology of Frangon septemsppyosa

BRI A

.

A, sttematlcs _ _
. Ofder -_.DEcnfan;t
- fSuborder,;};’NATANTIA

.ﬂSuperfamlly fCRAGONUIDA

“ﬂ}fFamlly ' f*CRAGONOIDAE
Craqo Lamark

’.Genqs ?5;{; k

'*fCraga septemspznOSus Say 18L8

Crangon eeptemspznosa’Rathbun, 1904 and 1929

--a-
Wlthln the genuz Crangbn there are two common| “"*

3

species. the American cra gon septemspenoea Say\(synonzsous

'Crago septemspznoaa) known as ‘the’ sand shrlmp, and th ‘fﬁig‘yffi
.uEurOPean Crangon crangon/;rnnaeus, 1758 (synongmous Crangan oL

'“,vngarzs), known as the common shrlmp ) Less common specles f;,‘_?-i5

"faranbon aZaskenszs from Alaska (Rathbun‘1904), Crangon S

TS s ’ L & PR,
JlaZZmanz from the easte\h boreal reglon of the Atlantic -;}-,-jgd,",

‘r;(Allen 1960), Crangon armzllatua»from the Carrlbean THess

4

':'1941), Crangon franczacorum and Crangan nzgrtaaudu from e

'";status cf these less common spec1es 1s not certaln (Tlews if;'zﬁg_}a
- 2 e SR R
There Fre Stlll some aspects of the blology of the x.""

‘ff[llsaa). ;f-j} . <b

'<_sand shrlmp whlq# are not wab; knbwn. These aspects:werej'”

”ftaken frcm the llterature on the European cammon shrlmp

'";:;which lsuclosely related to the sand shrlmp.hngﬁi;fij¥silé?,J:'i‘;yft

.._‘,‘ PRI ,-__,"
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'wBﬁ- Dlstrlbutlon . L R
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.8 B - ‘.

— v'[ The geographlc and-bathymetric dlstributlon of '

'-Crangon septemspznosa 1s well known -‘The speC1es 1s boreal

o and sub‘boreal (Gosner, 1971) It 1s..“' 1buted from the

TArctlc coast of Alaska southward along the eastern shore o;

oL Jq, . XN e .
QBe§1ng sea to the Shumaglns and oh the east coast of North
- ,‘l, "‘-/‘
Amerlca from easterﬁ Florlda (Say) northward (Rathbun }2,w;;_n,,
i\;, [ ‘. et

1922) to the Gulf of St Lawrence and northeastern Newfound-?}f”*f"'

"1

1ahd (Squlres, L965). It 1s a llttoral estuarlne decapoh

normally found 1n shallow waters; however, Rathbun (1922)

1

states that 1t was found ln depths ofdabout 800 m off

Delaware and Whlteley (1948) collected the an1mal 1n 450 m.~."

C. Llfe hlstory

‘ The eggs of Crangon septemapznosa hatch 1nto the larva whlch
15 the flrst zoeal stage, 51nce the naupllus stage 1s passed
1n the egg.f The 1arval stages of the sand shrlmp were.iﬁ”

”%gfand Broad noted hat metamorph051s to postlarva took 13 19

- .- . :
- .o \ o

. i
T L

Ve

descrlbed by‘Ne%dler (1941) and Tesmer and Broad (1964).;~' =

7"ﬁSubsequent moul'lngs take the zoea through the 2nd td:ﬁﬁe

',Jﬁth stage where 1t 1s~called the postlarval stage.“ Te§&er fifdﬂ:'“f'f

'”days>after hatchlng at 18-20 C.~ ’}“:ﬁf‘“ff:”:

ICEPNY ERE

*{‘ Lebour (1931) 1isted the general chanﬂbters of

4

,fflarvae of Orangontdae There seems to be a close 51m11ar1ty
ﬁfbetween the larvae of C septemspznosa and C vngarte,
'fzaccordlng to Needler (1941) mlnor dlfferences occur 1n the

lflrst and flfth stages of development, and growth as

Egg development lS related to the water temperature.'jﬂﬂ a
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,“ communltles (Wllcox 1972) However, observatlons on thls :&i

. ) : o l" . . : ¢ " : . : @u ‘ N ¥

ool ‘" '_ o T . I won . T N
C. vngarws grows faster than the sand shrlmp.“ Otherwise, a- o
the larvae of the two speples are “remarkably allke.:.“?" '

xS

Depending on the season 1n whlch they were hatched,

. '
o . Tte o

the shrlmp mature 1n 3 to 12 months at about 25 mm In total

e

length._ The femaies outnumber|the males and the percentage

The major breedlng season' Io‘f‘ '.the sand ;shrimp is

from March to Oqtober (Prlce,_1962)*‘ Haefner (1972 1976)

n c ey h

January through June" j: . ?V g

D““COndltlons for llfe L ;f

Crangon septemspznosa 1s commonly known a e'=J.f‘.
/ - N

‘-, “'

sand shrlmp, because lt’ls an eplfaunal member of sand

PR

'

p01nt Vary.H In Newfoundland the Spe01es as found 1n many - f{}il
but not all - sandy areas around the coast, partlcularly ftlyi'
those w1th eel~grass (Zostera) (Squlres 1965) Whlteley e

tye
.

“‘(l?@BL says that 1t may occuf 1n all kinds,of bottom.

-
e ._,,‘-_s

Wllcox and Jeffrles (1973) descrlbe the substrate of thelf,-t

collection areaslas flne to coarse sand Eaefner (1973)

b\ Ve -

collected the anlmals from an area characterlzed by ane ':-iGA:‘

. . ts l., »
& o . RS L
-

: ;‘sand over mud and clay. Rathbun (1922) found the shrlmp htz';ff‘

.g.-

B s e & A U

squests that.some females carry eggs durlng most of thelﬁ?\*ff ng_}?

year, and that OV1gerous females are the most numerous from f;b W

”"' .. '". R . .v'.‘.

or
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. 5 ) L & v': - b &0 5 i .‘Q"'
= I o :* e pe , -‘{‘ P 3 '.ll’ -.:- P * .:‘_.,'3 .
i - il 1 ..‘.\ v.:' 1 ‘ p [ 5 7 » o ) \‘.."'}1:.
Fegn g it from aasandy bottom andfCreaser (1913) refers to it as s
oAy H . :~ . o - FAR
a vl . the mud shrimp. - . s _g
Ve ot el o G’rangon aeptemsp'z.nasa 1s a mem'ber of the benthio e g
g o ’}“3r”§{gg communities. During dayllght hours the animals are generally i?g.%“ﬁ

buried in the substr&te, food or mechanicab disturbance are

.r. 2 z

ok
tkod; "mm" w2 foi

N . L

. ? 'population encounter\Wide
.ig Haefner (19695, 1971) réports that 1t has been collected

/3’4 o 32 °/oa respectivel?rl_ and is ablé to detect and avoid

it Sk L W2 A" . '-"..’g-a- " T
. B b o anox.t,c &mdition ¥9: _‘ ks & ;-' i SOl B L
5.. . I.. ~:' ' ) . E 4 . ,’ A ! %, ‘ ‘ 4
B Haéfner '(1969b) showed that C'.rangon septemsp'mosa
cy L JAT lB an osmoregulator. It demonstrates hypoosmotic'regulation ‘5

:’?ﬂ:ﬂﬁ -.':;“f;- 1n normal seawater (30-35 9br=and 1ow temperatures of 5 C and,‘hfx

}hyperosmotic regulation in diluted Seawater (3 25 ?h) and

S T . ,

.' warmer temperatures 'of 15 c. The former conditions are "::'

Yol s
t . Co / .. ._

'-r":_.

.éiﬂifﬂ.wﬁih-i“fn moreysaline waters offshore and the latter,,during the summer‘ &,
" ., B 1n shallower, Warmer and meébhaiine waters 1nshoreh Although ; ffff' :

yit can be related to the animal's biology and migratory
AR a0 . Bt ':,' '-‘.-'--.‘*'

behdv:.oura w:.thin the estuarine zone.
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oxygen levels on the survivorship of the‘shrimp. The species
- ; " is susceptible to low oxygen tensions; with the female
shrimp and especially the egg-carrying ones being more
-sensitive than.the males. At normal }evels of dissolved
";//;///oxygen in seawater (10-12 mg/liter), males demonstrated 100%
sd;&ival atﬂsalinitf_ranées of 19-36 %y and ;emperatufe renges
of‘i6—14°é- females demonstrétea 100% survival at”theisamee
eemberature ranges but sllghtly bigger range of gfﬁ\ﬁi;y'

18 39 /ﬁ. Mortallty ‘was always observed when low oxygen con-
CCenbratlons (2 3 mg/llter) were comblned w1th ranges of’
4:temperatureﬁ5—24 an¢ sallnlgy 5445 Yw. The sellnlty—tempefe;

ture tolerance of the shrimp under low oxygen conditions

as oomﬁared to normal oxygen conditions‘waS'shifted towards

lower témpérathres.ano higher salinities.

E.’ Migrations -

".The sand shrlmp undergo vert1ca1 mlgratlon

LS

(WEIsh4‘1970) and’ onshore - offshore séasonal mlgratlon

- (Haefner 1969a, 1969b 1972) The, onset of darknesssstlmu— v
lates vertical migration with d.significantly inciéased
sw1mm1ng act1v1ty._ Welsh (1970) demonstrated that although
the presénce of prey Neomyszs amerzcana and Artemia salina o
is largeﬁy respon51ble for prolonglng their act1v1ty and

determlnlng the dlstrlontlon of ‘the shrlmp 1n darkness, ’
Crangan is little affected by their presence durxng dayllght.“
Older, (larger) shrlmp undergo seasonal mlgratlon_
Y : to'deepertwaters in .the fall'and t0'shallower waters‘in the

0

' spring, probably in-fesponse to prevailing water temperatures

1

PR 77 ITa NS

e a
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and the interaction of temperature, salinity and oxygen ";
levels. "Thus,-in the fall when temberature of the shallow g
waters of the estuary drops below 5-7°C and mortality-becomes
significant, the movement into deeper and more saline regions
has survival-valﬁe1 providing that other conditions’forflife .‘ A

are satisfactory. Migratfon towards the shore 0f'the shallaw'- L

’ and warmen estuarlne waters of 10-14% in the sprlng are

1n1t1ated because these waters are better sulted to the

[

o o "shrlmp s needs than deeper, cooler, waters." (Haefner l969a,

B

e

o3
h.
b
I
-

w

R 1969b, 1970, 1971,.1972, 1976). . o

F. Predation -

FEIRRNRNY ¢ LTI SNy
- .Y : -

Wilcox (197@) reports that predation is probably

the dominant factor llmltlng the abundance of the specaes.

N -

Adult shrlmp are promlnent in "the dlets of numerous carhi-
4 ‘ L
vores such as weakflsh, skates, and strlpped bass (Price Co

. we
PRSI T

- /,‘

spinosa at a constant temperature of 20% in the 1abbratory

{

1962; Creaser 1973). The larvae are-very susceptible to A\ i

{ A ' o ' Y N
. cannibalism from adults and heavy predation from ctenophores;/f) - §

G. Growth . . R \\ {
Regnault (1970) observed the growth of -C. septem-‘ \ E

bl

iy

from metamorphosis to sexual maturlty. He estlmated the ST

‘growth rate- from .size 1ncrements and moult frequencies,

S o
Pe-tanred

using the classic Hiatt growth diagram, and{made_the fol;owing;

observation:-

1) The salinity has nowappreciable.efﬁect op-the groﬁth'rate'

except in mass culture. - T e L




11 | '

2) The composition of the diet has only a slight lnfluence
on the growth rate if Artemia are included. 1In contrast,
the final size and the moult frequency are determined by
. the quantity of available food. However, eéven in a Semi-
starvation condition;'the slopes of the growth rates are
. L constant.-. . ‘ L |
'3);Growth in mass culture is. slower than the growth ln lsolatlon;
4§,The developmeﬂt of, the external sexual characterlstlc and
‘f,;‘f; ...sexual maturlty are determlned more by the size than the
; age of the shrlmp. ‘ . I T o
a . " - “ Prlce (1962), u51ng length-frequency dlstrlbutlons:
/ .;: : of shrlmp from fleld populatlons, estlmated the growth ‘rate (.
of C. septeniepinosa to-be .0.4 mm/wee% and - free from seasonal

variation. . . . oo S

w

Wllcox and EEffrles (1973) showed that the growth‘

. q'}’\
“e

of the sand shrlmp is a functlon of water temperature and -

‘initial size. Aecordlng to . them, growth lS greatest durlng.
- ) the summer and, conversely, lowest'in cooler waters. An

inverse relatlonshlp between growth rate and 51ze was shown,

‘

i.e. larger shrlmp have a lower growth rate than smaller.

. c
llnes 51nce

- Their, growth equatlons descrlbe a famlly

.smaller shrlmp of both sexes. ‘grow faste than larger ones.

—

at the same temperature. o .ﬁ el

L<' Female Grangon erangon have/a greater growth rate.l'
(Melxner 1968 1969) ; female Crangvn Lp attain larger srzes S ‘Ai"

(Prlce 1962; Melxner 1968, 1969), and female Crangon o "f .fﬂ"{g:f

. [y
»

septemcptnosa have greater 11fe expectancy than males (Prlce ) RN

3
.0

1962)




12 o ‘ ; - ;
. ‘ ‘ According to Wiloox_(l972) and Wilcox and.Jeffries. ?
' (1973) 20-30 mm shrimp moulted trioe a,nonth at,20°c -and ’ Ph
e . grew 3-5"mm over two intermoult périods in-the 1aboratory. ‘ ;
This ratefagreed with'their fleld data, but wae.eeveral-times ‘f
i f ” ’: '(/.greater than Prlce observed . }", o - ' yl

Melxner (1968) made\the fEllonng observatlons
,regardlng growth andtmoultlng of Crangan crangon reared in ,“'3:.H4“;
: the 1aboratory:-" | o .

. l). Growth ﬂates appeared to be dlrectly related to the ;ﬁfﬁy“u e

R T S A S
o IS L .
N 2, .
s . )
B

quahtlty of food avallable and to water temperature, b
whlle growth rates were: lnversely related to body 51ze.x; f . '%
. o i) Regeneratr?n of amputated limbs retarded growth . ' o ? L
; .3) Adult- females grew 1ess per moult than males but moulted A . ;'i
more often. - ' S - .Q' ) f;
,:1i“ﬁ ;-. 4) A maximum lncrease in length per moult was” 6. 5 mm for - . g
femgles in the 30 40 mm . 51zerrange. i . ; A
5). The 1nterval between two succe551ve moults was - dlrectly o ;
ao - ' -- 1nfluenced by the quant;ty Of food and the water tempera-“': L
.‘ o ture and 1néersely related to body 51ze. T ;,.-"' " f ‘r',}" %; ]
;“.:: S G)M-The?g were‘Fhree_dlsFIth Phéses 9f QIOWth‘iﬁ aimoultind,l §=
P B 'T. o 'perlod ,;,f . :'~“;jrz r T v_'sgt"f‘ S 'l{ E;
" s ; .‘.a) no ‘size change in the first three days after moult,l."' SO éf.’
5 ) nb) a’ contlnuous though relatlvely small growth (less N ' i
; , Y than 1. mm 1n 13 days of the 1ntermoult perlod), l“;ll
é.l'ji; oo LS rapld growth ‘upof moultlng.ih.' a L d:"
; . -
C ’ . C
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H. Feeding

Individual Crangon have diverse feeding‘habitsa

7Crangon vulgaris. were Judged by Lloyd and Yonge (1947) as.

an omnlvore after algae, polychaetes, gastropods, blvalves,

amphipods, flSh eggs and larvae were found in their stomachs. ‘

:-However, they suggested that the common shrlmp prefer anlmalf'

L3

';judged 1t to be omnlvorous, but an1ma1 tlssues were the maln

! F

'Vﬁiffood ltems. Crangan aZZmant was classifled by Allen (1960)
Tas a carnxvore, but he noted that sand and mud were always

. found rn-the dlgestlve‘tract. Crangon affznts was classrfled

ij%osaka (1970) as a carnlvore, although sand and mud were.

- always present.w1th the food.

Crangon septemspznasa-was cla551f1ed by Prlce (1962)
‘as a secondary ‘consumer, i.e. orie trophlc level was between a
, ) A O .
it and primarprroducérs. A varlety of planktonlc and.

benthlc 1nvertebrates, crustacea belng the predomlnant 1tem,

“where found ln the gastrlc mllls whlch generally were¢srmllar

'to those llsted for‘c. vngarts and C aZZmant. /Price o

from detrltus emltted from salt marshes by consumlng flltef
feeders (my31ds and small blvalves) whlch were feedlng on

decaylng detrrtus and<xts assoc1ated bacterla.‘ He also ‘ﬁt

-~ g

’ suggested t?at scavenglng probably contrlbutes to the hlgh

1nc1dence of organ;p debrls in the stomachs of Cy septem77;'§;pzsff“”

-

. ) e R s . .
sptnoaa.' ' S S

R

(A3 ) \-

;1, . Wflcok_(1972);sh6wed‘thatAthe'sahd shrimp iéﬁéh;i'léva

j;:tlssue. TleWS (1968), rev&eWLng the llterature on C vngarms,fﬁ?-ﬁJ'

'\suggested that the sand shrlmp may derlve beneflt secondarjly :: ‘
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In laboratory experlments B dembn— -

LX) !, . :Il["

septemsptnoea will mgest ‘a var:.ety of

unspecialized feeder."

strated 'that (4!

.orgazuc matter and that they" are’ abie to ‘éera.ve nutr:l.tion : N & '
from all the foods J.ngested although some footis Wet'e :_rpore T _
nutritious than others' :JHowever he feJ.'t t!;at ‘this. _}:_:eh.a{uour g ediny e;;
.cetxnot be conf:.rmed J.n ﬁnatu;.:el',.'beche.me ﬁof "the. limitatioos o'f{:" 4 ’ 5

oot

AR

the methodology and the abil:LtyA of the shrunp to ra.p:l.dly'and‘

,\l
'l

.

:'.ﬁ. Regnault (1970) fed juvanile C.A

o3

ﬁeptemspwo sd

3 . S
Yo s !-:<' NI

w1th dlets of Artema-.nauplln. alone Artema nauph:. +

e [ ‘.~ . e

of Az-baam, and Artemza nauplii + algae (Monochryats- \"

b '

—and CyaZote Zla) -He found s:x.mllar growt.h and surv1va1

and suggested 'the 1mportant role of glycosides and proteins-.
. "‘*‘ . . P R . . . N X i '-' VQ
on growth..," S : AN P .

N '..‘ ‘n 'a__‘ ¥, * .-i‘-..‘ u.m-
S0 4 = \.'.J?« n.,'-&&‘- i Y 3
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, frr. MA'I'E’RIALS AND METHODS

P . A. co;l_1ectlng area B S L R - L ‘

L ’ : . o The shrlmp for both fleld observatlons and 1abora- %

N - tory: work Were collected from the head of the west’ 'part of .. )

:_.;-,;:' o : ', ,'-'Long Pond, Newfoundland (Figure 1) / .-
N v The area was partly descrlbed by Chr?.stle (1967) N R

T g-A small rJ.ver emptles 1nto the Pond, _whlch 15 adjacent to the cel T
L R N L :;‘ IR A

‘ e /_'sea. . The bottom 15 characterlzed by sand and mud on whlch '«;
. ' l -.':;are bedsr"bf b].ue mussells (Mytilus eduZts) ) and patches of , E

':_.'.-:'eel grass (Zostera marma) are present all over the area.' A P f
K "'k‘.-’characterlstlc sample of substrate of the collectlng area ‘was <
. ' analysed and class:.f:.ed as sandy s:.lt.- (Flgure 2) "" ‘ S
1 x.‘:'i ‘ y The areal sampled was about 400 m along the shore.

' ";.__ el D Maxlmum depth of capture was l 5 m. At the beglnnlng of

W every collectlon* the water temperature was measured, as.- well

. - e emtmtme <N

TR "";.‘aa salinlty and conduct1v1ty. Measurements were taken from ~ oy
A.about 20 cm beneath the Surfacqand from the bottom at the
'.-'depth of 1 5 m.-.‘ Samples from the same depths were taken for

#,
D % v RN . ‘ M . . . - . N PR 4‘ - . . h e N F B
4

pH analyses .-

B Fq.eld stud:n.es " ’ N T T gt

N R __.; l Length—frequency dlstrrbution and populatz.on structure. s

.

PIEY W RN VSRS

s e Crangon septemsptnosa was sampled over a’ perlod
' - 'of one year m the fleld Collectlons were made parallel to

' A'f\’ _'.the shore w:.th a hand net of 50 x 25 em’ openlng (2 . mesh) . "

About 850 shrlmp were collected for the purpose

VAN V.":_of fleld studles. , Collectlorgs were planned to be An-. regular

Lt i'-rmonthly :.ntervals, but, ] dunng the wmter mgnths, th:l.s was
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‘ Per cent particl,e-'si‘ge' composition of a representative :
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A N e not poss:.ble, because the area was sometimes J.ce covered; 'as "<';~.:'- do-
& S Ta ‘result, the collections during ‘the w:.nterr were made at ey
L dy . 1rregular lntervals. R o e M s T '_ ”;'.f ‘: gk e
o ) [ In collections conta:.m.ng less than “one’ hundred FTOUe
T il “ shrimp, all were measured and ClaSSlfled, ot.herw’:.se 100 ot e
R . (1962) The shrmp were sexed accord:.ng to the descr.'l.ptlon -.' L
- : of Meredath (: 1952) for Grangon vulgarts._ !ﬁ’he sex oﬁ speci—:' S
ol e, B RS } mens/less than 20 mm 1ong was 1mp0551ble o determl% ot UMY S RO %
et B ,‘_,ﬂ/ = o ") T NP AN
C and are referred to here as juvenlles.-, All females Were . e

a, e AL 2 NP . N
.,’/ L “ " ,_.' p p ] 3 5
P <
" -

= : | examined for the presence of an: egg mass attached to the w g
‘ - abdomen, such fema];es were' cl‘as‘silfled as "egg—carry:.ng. females.',“,.l-.-ﬂ

., i 'l‘his kérm. was - pref,erred as-heing more descrrptl;re than, ,
. . - "ovi;;erous",‘ "berned"r and "egg bearlncj'.“ . ‘ ik g, R
/ . e | In order to correlate the observed size per: P

3 B AN : e :

' , ‘ ". d.f“.,- category of animals w1th the temperature each month, data s

F ; :Awere transferred to“;;:mch' cards fqr a. computer anal’ys_ls A ':
~ ';;; : I ‘a"ccordlng to mu_ltl.ple regressmn of’;SPSS package (:S.tdt.ls' :.' B g
, ' s tlcal Package o.ﬁ Soc:l.al Sc:.ences) { ""Z.';_ ".’ s Y B ;
: ‘ : - _ 2 Length-—we:l.ght relationshlp. ',-.:" ‘ :,“-::';:"_..,
=y ] o 5 Length—welqht relationshrps were determined for o B

T Gt o N LT . Ta 2 M DR =

R r " K ' -male, female, ec;[-g;carrylng female and Juvenlle’ Bh]'.‘lmp.-.-._

v s ] ’ '_-':';"-"For wet—weight determa.nat:.ons,, sl';rmp were rolled on papex;

towels to aBsorb excess water a.d.hermg -l:of appendages and

9 .
_". A

egg pad and we:.ghed to the nearest 0 Ol 4 on a Mettler top-“: . -

load:.ng balance ..

A : 1 s :
For dry-weight,, the shnmp were dried :|.n an eyl
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, 'Ib overccme thls blas a: wooden decagonal tank was con- RPN
structed Thls was the closest to the c1rcu1ar constructlon
e which could conven:.ently be made of wood. The d:Lameter of

"'xthe tank’was 80 cm and .1ts helght was 20 cm. On each side

’.f:--d:l.vided by 35xlx3 cm* boards 1nto 10 tr:.angular compartment

’,_.

' A.'Ll the boards were JOlned to a LO cm d:Lam‘f‘

HE by . SN B 'l'
" E , foe O i
¢ N » 3 - N A . i o
oven at 100qc for 24 hours and welghed on ah Oertllng o

balance to the nearest 0. l mg Data were t&ansferred to Ll

A
"

punch 'cards for regressmn analys:LS, Wthh was made w1th the

development.y. Photographs were taken,:'-

a

.'r;,|...

the varlous stages of egg dévelopment..

..:

C. Substrate = Selectlon Experlments RS

.
romd bt oyt o st

Prellmz.nary Observatlons o SRR
’ '-Prellmlnary observatlons :anllIded. - R _‘:,_‘ ;-_'}‘-":‘ ?‘? T i
- a. The congregat:.on of the shr:.mp -,"‘.:2, LT AR
S Observatlons of the shrlmp 1n a rectangular tank :”?
showed that they may congregate ;Ln J.ts corners. . BecauSe ] (l‘
N -,.‘ srmllar observatlons made elsewhere (Forster, 1970) i showed . o .z
'|' LA I
. ot _‘]"_“.
R
. e g
_order n_ot to blas the results, the rectangular tank should AT RS A

‘e l‘ "-"-

be aVOJ.ded. N e ._'

A - - N . e ..'
N . ., -

- -

s s o0y ‘e

L s LN

-..-

\ central wooden
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core, and in this way the compartments were equilateral tri-

angles‘of 35 cm sides and 25 cm bases, The whole construction

7

was coated with non toxic layers of fiber glass and approxi-
mately 3 cm of substrate was put. in each compartment. The
experlmental tank is shown in Plate 1. N

Co

b. Burrowing behaviour ol .- j ‘

For detailed pbservations of. the burrowihg me thods

Al

and béha&ieur,‘individual shrimp were placed in-containers

L ) and -aj¥owéd to burrow. The containers were .filled with about

A o 10 cm of substrate. 4Vertidal uiews\ef animals in the sub-
iﬂ C s Istrate were%pbtalued by ‘using plex1glass contalners measuring
; 'aboué 25 cm; w1dth wasfrestrlcted to. about 3 om with pieces
RARL I . . r 4

B . -of glass wh""h were'flttedrln the containers.

c. Dlstrlbutlon-experlments . poy

> [0 , ‘.

) W e P Experlments were made in the decdgonal tank to

& . N °

o ' determine the, spec1a1 dlstrlbutlon ofnthe shrimp. Coarse sand

ET.' - . was put in ail the leiSlOHS of the tank and 20 shrlmp were

,@ ' put.}nvrt. Observatlons Were made for’lz days. In the first -

&
“
w-

RN ' ' five days the,shr}mp were put at thé heglnnlngeof‘the daily"
" . observations .in_sugh a way to make'sure that two shrimp were
‘burrowed 1n each divisien. In the next seven days the shrlmp

- were released in the mlddle of the tank.y

ST Jﬂ ‘ Results from each methéd of relea51ng the Shrimp
.y " . N . .

‘were summed- togethenfand Subjected to, a chl—square test of

the null hypothe51s that the shrimp were randomly distributed

/'

S/

e - in all sect1ons"of the tank. ' e

o “
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' 2. Particle-size selection S r - s
) The sﬁbstrate’wés collected locally and was.Squected \ é
to standard methods_of mechanical analysi%, particles larger' ﬁ
than 0.063 mm beéing graééd with sieves and'-smalléi sizes by _ é.

the method of Krumbein and Pettljohn (1938). The substrate,“:,j,"wmw_;;

' ‘
mixed sand, was_ sorted 1nto 10 categorles of. partlcle size y -
.'accordlng to a modlflcatlon of WEntworth‘s c1a551f1cat10n of . i

3 A. A

soil partlcle grades, shown in Table L. i" '
TABLE 1 ' ' o

>

Approx1mate partlcle 51ze and cla551f1catlon of the *fg_- .':.fn¥

10 substrates used 1ﬁ the partlcle-51ze selectlon experlment .
- | CLASSIFICATION PARTICLE SIZE mm BT
. ~Pebble .;>4 - ':?
‘Coarse.Géanule 1 : ‘ 3 - . e§4 ) j fo
.Fin; Granui; , ’ 2 =3 i ‘ J .'%
o .Vefy Coarse Sand’ R :   1 ' ‘.- 2 . - . é?f
‘ .Co#&se‘Sahﬁf ‘ 0.500¢ - 1fobpf“ R
: . | sana | 0.250 - 0.500 i
Fine Sand ' ) , 0.100 i‘O.ésb, %ﬂ
: Very FinefSand,A ;6.663=—.Q.L00 ; _Ef
: - silt | ' w 0,020 = 0,063 N i
o . clay ' ? 0.002 - 0.020 3 g*
) \,
' . :
Ty 5 :
F
i . T
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The expei}ment was designed to allow animals a
free choice among these 10 substrate types, under uniform
conditions. To do this, the substrates, all of the same
colour, were burned to. 600 C for 24 hours to assure absence
of food,.they were then placed randomly in the compartments

A

T -z . ‘e

of the decagonal-tank. ) .
" To av01d .any phototroplc orlentatlon of the anlmals, -
"the tank was covered. durlng the experlment. Runnlng sea-" i
_rwater was 1ntroduced 1n the m1ddle of the tank and it flqwed
out by the holes drllled on: the 51des of it (Plate 2)
The)experlment consisted Ofﬂ3 repllcatlons. Each repli-
cation consisted of 10’observations'over a ten:day'period.
New anlmals were used4in‘each_replicationro A;total of 20
shrimp were‘assuued to be the maxiﬁum tolerance without
crowding. The shrlmp used were adults of the same carapace
length of 7 mm (40-45 mm total length) Eaual -numbers of
males and females were used. Fresh substrates'were'used
at each new repllcatlons, exCept in a‘few 1nstances when
some materlals were used - for two successive repllcatlons. 
Counts were made in the.mornlng. Welsh (1970) |
. found that C. septemspinoaa were sighificantly-more active
-at nlght and aCtIVIty tends to decrease thereafter. In‘ordEr
- to. count the shrlmp, the tank was uncovered and a dlaphragm
‘(Plate 3) was immediately 1nserted to block the shrlmp in..
the compartments (Plate 4) Thus, even if the shrlmp
emerged. from the substrate, it was 1mposslble to,escape'to" o
. another‘part of the tank._;Usuall?Atpe'ahihals-WereA;ct~ver¥.

?

" disturbed. The shrimps were collected; placed in'auothef'

3

3 a : -
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container, and released in the middle of the tank 2 to 4
hours later. The tank was covered again and a gentle flow
of the water was adjusted.

Temperatures were taken by a Temperature-Salinity-
Conductivity meter after the count of the shrimps, as well
as Salinity and Conductivity. A sample of the water was
taken and pH was measured.

Any cast exoskeletons were removed. At the end of
each ten-day replication the shrimps were examined for
stomach fullness.

3. Particle-colour selection

The experiment was run in the same decagonal tank
as the particle-~-size selection experiment. The same proce-
dure was followed and the same measurements were taken.

In five of the compartments a different substrate
colour was put, alternating empty compartments with compart-
ments containing substrate. The colours used were all
natural, collected locally; they are shown in Plate 5. All
the substrates were of the same particle-size of 0.250 -
0.500 mm (sand).

The tank was not covered and in each replication
its position was changed.

In such free-choice situations, if no attraction
of the particle size and the colour was exhibited, shrimp
would be expected to have frequented the different compart-
ments randomly after many observations. Thus, they were

counted for a total of 30 days in each experiment (3 sepa-
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rate replications).

Results £rom the 30 day counts of shrimp of each
experiment were summed together and subjected to a qhd;square‘
test of the null hyéothesis that adult Crangon ae?temspinosa.
are not attracted to substrates of'particular particle sizes
or colours when these substrates lach food.‘ ‘ oo

D. Feedlng Experlments |

1ﬁ Experlmental anlmals | g L em

T

| :P: = All the anlmals used in the experlments were

:Acollectéd from Long Pond in May and August l977, and were ‘::';mﬂ

'"transported to “the laboratory in plastic buckets.. The'
journey from the Pond to the laboratory lasted about one
hour., Shrimp which were transported in thls way surv1ved'
.well and almost no mortalities occurred ‘ﬁhen arrfving in
the laboratory the shrimp were put in tanks w1th runnlng sea Y
water of about 13 C which was the temperature of the collectlon . |
area. They were then sexed accordlng to the dlmorphlsm of

AAthe fLrst and second pleopods descrlbed by .Meredith (1952)

" for Crangon vngarws,.and left overnlght Wlth ,.an absence of 55
food. Only shrlmp that could'be sexedlwere 1nc1uded~1n the
experiment and thisravoided the difference in growth rates
;observed by/ﬁegnéul;,llB?O) between juvenlles and preadults.'~

2} Experlmental vessels

The feedlng experlments were made w1th shrlmps
4 kept 1nd1v1dually. ThlS av01ds the problems of cannlballsm,z“
especlally in- the starved anlmals (Welsh, 1970) and permlts

observatlons on each shrlmp 1nd1v1dually, as of mortallty,"

o




. iﬁ[r ff ;@_ No attempt was made to regulate the photoperlod.<
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moulting,. etc. To do this, individual cages were made of fly
screen, measurlng 8.5 x 8.5 x 14 cm (Plate 6) .- The cages ' b

were put in plexi-glass or polystyrene tanks approxlmately

28 x 38 x 18 cin. In each tank twelve shrlmp were placed

‘and. werefed the same dlet (Plate 7). Air was bubbled in. the :;'f : ffii

K

ftanks and 2 3 cm of sand substrate was put 1n.' All the tanks

were covered w1th plastlc fly-screen.

P ™

S U

R Seawater “;5," ..__ﬁvgg;' o r"ftggﬁ_f'f i} '*ﬂ{"gjﬁﬁllf,vfﬂ EnA

ifﬁ,}ﬁ‘f; The experlment was made4w1th the use of runnlng

< a

" sea water.’ The water was’ warmed to 13 C in a thermcstatlcally

‘controlled contalner., The central pipe: was then d1v1ded 1nto y,': ,ifﬁ‘

ebranches in the tanks and the water flowed out the tanks 1nto

" a channel, so that they were pradtlcally placed 1n a water

bath.of approxlmately;the sane:temperature as;the warmed;water .

- (Plate B). S e

.y 4. Food sugplzﬁand preparatlon ,""\;;. . j;l~',if;;'lff:“:‘ﬁ

-

The food supplled were fresh blue-mussel (Mytzlusu#if

.,edults), frozen squld (ITlex zZZecebrosus), caplln (Mallotus “‘?‘lnjn;

thZosus),:and TetraMln.(commerCLE flSh flakes of the ,' -
Tetra Werke Co. of W. Germany) an thelr comblnatlons, shown B :
1n Table 2.} The shrlmp were fed o excess every 24 hours"””"

:fOOd remalnlng after thls t1me was removed before fresh food

2 N i

._was added.‘ Con51derable attentlon was glven Ln the removal
of excess food and the cages were well cleaned before fresh . .ﬂf<£1fi
-'food was - placed in them.' At 1rregular 1ntervals the sand

)n.A ) N

'from the tanks was changed because of the danger of the’,-f‘ B

o R4 -
2 R A
' - .
v,. . - v
s i
L I . e BN
. X . ! D
z “ . . Ve
) - o S
e R
"y e .—-_1——.-
TS Uy *

g e N - - .
St L S i e et w s
sy R S




The -cage where shrlmp were ‘put 1nd1v1dually,

and the dlmen81ons. ' : .
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et

The diets used in-the first feeding experi p
"the abbreviations whiéh éfe used in
Sqﬁi&
. .AMi_quSQ? '\

caplin
.L } TéfraMin ) K - (T. mip); ’ 4
' ' ‘Squid + Mussel . (S. + M) | Ny
. Squid + Caplin. (S + C)
‘;; Squid +'Tet;aﬁin (s + T) B
‘?: _ ‘Mussel + Caplin M+ C) « !
ii Mussel + TetraMin (M + T) ] J’ ‘ <.
i" Caplin + Téi:ramip (C + 1) ) '
;” ‘équ;a‘+ M?sse£‘+ Caplin '(S + M+ C) Kk
'gQ‘ | o Squiﬁ + Mussel + TetraMin (S + M + T) ) '
-g_" . : ‘-Squia + Caplin + TetraMin (S + C+T) . e
%‘ \ ‘ ﬁﬁs§€1.+ Capiin +‘TetraMin' M+C+T ; - '1/

O
P
o

Squid + Musée1'+ Caplin + TetraMin ( S+M+C+T) /
,"I i v l' ,‘“‘
. Starved e . S L

»
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.

matter becominqanaerobic especially ‘in the lots, fed
TetraMin and its combinations.

The foods were prepared in the following ways.
Mussels were opened, the meat‘removed from thedshells’and
chopped into.smalllpieces; the squid and caplih‘were'defrozen ,

overnight;‘TetraMinlwas mixed with water and stirred so as

[N

to form'a pasteu‘ Comblnatlons of foods were put in petrl ) : Q' dA ',fﬁ
‘dlshes and stlrred well so that the partlcles would be SEE -
smlxed as much as, pOSSlble and the shrimp would not be able
to separate.them. These.foodstwlll subsequently be calledﬁ‘

diets.

Mussels, squid and caplin were collected locally,

The mussels were gathered in large numbers and kept alive in

»

storage tanks witﬁcrunning seawater in the laboratory until

they were. required. 'Squid and caplin_were cleaned of theplz ‘ ﬁf
viscera and minced with a Hand mincég-wheh ﬁresh.' Both were
) eput'in small plastic bags‘and'ﬁere'deep-frozen.. Every . nlght

a- bag -of each was defrozen to be used the next day as food

The shrlmp were fed every day: except every 14th

v - day‘when they were weighed. In this case ‘the cages were

< cleaned the prev1ous day and the anlmals were fed the next

', ' day,.lmmedlately after they were welghed. This procedure
‘was followed (a) to- allow the anlmals to.digest their food so ..
. . ° that they all would be welghed with empty stomachs and (b). .}h

' “7 f o not to dlsturb them too: much by cleanlng the cages and then

~

welghlng them.

L . ‘ ' Observations‘of the shrimp during the»experiment
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showed that they fed freely on all the diets and they were
frequently seen to have food . in their stomachs. All
diets evofed feeding responses, even diets in which this

5 was not expected, such as TetraMin.

5. Weighing of live animals

In the experlments an estlmated growth rate was

"requlred. Th;s was estlmated among other ways, 1n.terms‘6f
increase -of 11ve welght per unit tlme. S . Lo
Y . . i .

Every 14 days the shrlmps were removed from their‘»

cages, put into 1nd1v1dual glass contalners with sea water
dand brought to a top loading ‘balance. They were ‘then gently
drled on sheets of tissue paper .and weighedvto the nearest

\

0.01 gram, after which they were returned to the glass L N

' containers and, finally,to their tanks. Newly - moulted
E ' . shrimp were weighed the_hext_day 1) tg allow timg for the
S . T - f

soft cuticle to start hardening. , J

H

6. - Measurement of. total 1ength

In the experlment it was de51rab1e to: measure the

d

sl
1ength and the length 1ncrement of shrlmps. The total
= N length of the shrimp was measured to..the nearest-millimeter
| ¥ from the anterior end of the‘spine on the anteanal seale to ° d
the pqsterior tip of telson according.td Price}(1962);
Newly - moulted animals-mere measured fer total iehgth four
f} ' days after moulting to'determine lehgth increménts."The

shrimp were also measured for total 1ength eve;§b14 days ”-,: .

for a second check of: thelr length.

*,

2 R e b Sk U T
PR Lt




Observat

,’\:\
T, ions’ '

The shrimp were numbered in the tanks and a

.~

separatel record was kept for each. On the record there were

noted': The date, Weight,('fotal) Length, Moult date, Days ¢
N . ‘ s ’ '

between moults, and-Snrvival of the sh’rimp,’ i.e. the 'days SRR
‘ whlch the shrlmp had surv1ved from the beglnm.ng df the . -
experament-. Where\rer .‘Lt was poss:.ble, the reason for the ‘
'death was. noted, e g. "Moult fa:Llure.". An example of\duch a

-

;| -record is gJ.ven J.n Tab],e 3 g :j, e - . T

'

L TR RN
e PPN
S A e e s

SV , . ' 'I'he cages were mspecteq each mornl.ng for deaths

ey,

and exuv1ae. Deaths and moults wert listed on the records;
. . S 4 ] : 1
& the exoskeletons were easily seen and rémoved when the cages / S

were being cleaned After mou-lting d small number of shrimp, o

B s

! consumed thelr own exuviae and some moults almost certamly

T - went unrecorded as, a result. Such an error could be easrly-

-

'

CI S Vot
\ N

- o recognn.zed however, by an uncharagterlstlc gap in the \':

| | ‘ -moultlng pattern of the shrlmp concerned and also by an ‘ .
g o ; - unusually 1arge :anrease m length ,between the recorded ' :1
| ) - o ‘ The feedlng experlments ‘were made in. two phases- - L m

' .'For the flI‘St feedlng experiment 6 male and 6 female shrimp‘
, 1n ind1v1dua1 cages vere put J.n each tank and fed the same
Lol diet for 11.~2 days. Immedlately after the flrst experlment,' )

’

a second one started of the same, 112 day - durat:.on. “:‘The/

Yo . .purpose of the second fevedlng exper:n.ment was to 1nvestigate
further the results of the flrst one, as- well as to clear ‘

' some details of the fifrst feed:.ng experiment and to gather | VQ"" ;‘

t
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; , ‘ TABLE 3
Representative records from the first Feeding experiment
DIET: Mussel

,Shrimp. No: 5 . ,

Date | Weight gm.| Molt Date |Length mm, | Days between . °
ST . | ' : “molts

. May 29| _@.22. | - . |28 . R
. June - 12| 0.28 | ‘gune’ 27| 3. QT 1 oo Tl
' June 26{ 0.3 " 7| June 16 .. 37- - | 16 -
July 10| 0.40 - f{guly.-1.[ 40’ |- 16 /

July 24[ " 0.49 - |ouly ‘16 | C42.. . 6. o T

CAug.” 7| o058 .. |gJuly 31| 45, 19 -

. nug. 21| 079 [BAug. 18 47 20

, - sept.\4| .0.70 sept. 6 | 48 . 22

s Sept. 18 \_ 0.78 sept. 27 |~ 50 '

L
>

DIET: Mussel + TetraMin BT ; ’ .‘_

Lot s,

Lrertimb
T . S e

Sh’r'imp:_‘ No: 5

%

Date Weight gm. | Molt Date |Length mm. | Days between. -
' s N -l molts

May = 29 ) .'o'.s.s' | e o
June 12| 0.5 ° |June 14 | _.44 | - 17
_ June 26| 0.70 . [June 30 | 46 17
CJuly 10| 0.8 July 16 | . 48 20
July 24| '1.02 Aug. 4 | 53 | 22 o
Aug. - 7| "1.15 ° |mug. 25 | 56 | 25 R
A Aug.” 21| 1.20 Sept. 18 | - 58 - | - . - T
SRR . .sept. 4| .1.24 _ e L
L sept. 49| :1.30° ' \ - S

CATRIBLT L e e L T e,
B T O T R RO

Tem¥el

A .
i .
pie »
&
[
B

s
< -

. .
‘ t
N PR




»

‘.each tank, 6 were of 1n1t1a1 length. 30-40 o, 4.of‘4‘o-so ‘mm -
o :'.would be determlned in. sxize classes. :

# 1.°Squid. -
4. Squid +.Mussel + Caplin, and

the first éxperin{enﬁ in the' above diets -were kept and fed

L _‘pfiihaijily to deal w1th food comp051t10n, aminoq é"ci'd' analyses
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more data on the survival and the moulting frequency. This

aexperimént was in all the details the same as the previous

& \ R : 5.8
one, except that the shrimp used in it were 12 males and %
12 females for each diet. Much attention was given to the

ll’lltlal length Of the shrimp.. From- the 12 shrimp used in

“and- 2 of 50-55 gun, 50 that moultlng frequency and growth L ,

,The d:l.ej:s,‘usefd'we»:;e: o S S

4 - T
Lo

. B N DO
2. Mussel "
'3, Caplin’

" 5, Starved L : , _ |

. ) ,-v
. At the- same time, the remaining 1ive_° shrimp from

B T
iy -

.with ‘the new'ones,.all ‘the observations continued, so that .

* their survival rate ‘could be determined in a idng—term, . R

experiment.

8. Ammo aca.d analyses

. \" : A.‘:

Although the ob]ectlve of thls study was npt :

o Aok £ 4B ¥ 24N 7t s Lt ve e e
.7 PRI . L T
RS
Wt

were ma&e of the follow.l.ng
J ' ‘ Sand ,shrlmp,
_iallué'r‘nusv"séjl, | s - o
' squid, | R A ;"i \

Capli’n,"' and . - ¢ . o e RS

o fI‘etr'aM'in‘\. o
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The materials were ground in a blender and. theL
particﬁla'te matter was filtered; 10% Triohloroacetic aci/
was added and the materials were cén.trifuged at 10,000 rpm

for 15 min. at 4°c. The fluid layer was removed, the tubes

,cooled in liquid'l\ll2 and put in a vacuum pump., After this,
the'specimens ﬁere éi’ven ‘to the Anal'jl{tical Ultracenti'ifuge
‘-Amlno ac1d E‘amllty of the Department of Blochemlstry

. hydrolysns w1th GN HCl, fmal preparatlon and quantltatlve

analyses of the conjugated am:n.no ac:.ds by llql.'lld chromatography. 4
9, StatlsthS ' i . - I

° For the analy31s of the results growth was broken

" down to “Increas,e in the length," "Increase in the weight,"

"Moﬁltirlxg' frequency" and "G’rowth rate "; the "Survival" of

‘the animals was also determined.

To determine the "increasé of the lehgth“ “and the
"Incte_ase in ‘the weight," the growth diagram of Hiatt was
used. " | .
Hlatt (1948) » in a paper on the blology of the crab
Pachygrapsus crassmpee proposed a dlagram constructed N '
accord:.ng to a method in which the pre-moult s:.zes on the-
X axis were plotted agalnst the post-moult sizes on the -
Yy axls. ‘The po:.nts thus plotted fell on stralght lJ.nes
On the bas:.s of this evn.dence he found it poss:.ble to calcu—
late .the size at each successrve 1nstar as: well as the number ;
O,f moults necessary to reach a ?artlcular size. '. - '/
Kurata (1962) gave. mathematical interpretatidn of

Hiatt's diagram dnd demonstrated that the growth data

~

T
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obtained from a wide variety of crustaceans, if plotted

according to this method, give straight lines. He also de-
b £ . . ’ v’ '
monstrated that this is true not only' for thé linear dimen-

sion, as was found by Hiatt, but also for the intermoult
wei’ght’.. . .
. o f' T

' S lKurata termed the constants in‘the equati'ons 'as
- growth coe f1c1ents. He observed the presence of mflectlon

pcunts ::.n he d1a¢rams and he- Suggested the correlatron of

s

them WJ.th he com}nencement of sexual maturlty Thus, Kurata

proposed that, according to the: Value of the growth coefflclent, ng- -J,-A._“’.j'.‘
{ ‘ , the growth patxern of a crustaceé n may be d1v1ded into three :
types, and adzéted criteria to d stlngtush these types. - - ,
| Thls way, the llvfe of the crusta ean may be d1v1ded into ‘ ‘4 g
three growth 'phases: the larval., he ]uvenlle , and. the
PR mature phase; each phase is charaq:terlzed by dlfferent values.
A of the growth constants, which caﬁ be denved from the growth S R
data. Generally, the growth coeff cxent for the d:mensronal

1

. . lncrease :Ls between 0.8 and 1.4 and is greater in the 3
L-\‘ i . .o m ‘ o
’ - younger growth phase than the oclder one. ' -

R N
. . K
T

. o - In his paper, Kurata could not glve an. adequate T

4w iden, o

explanatlon of why. the growth data,: ‘when plotted according _' oA

v o

.
NP

.to Hlatt s method, g1ve a stralght l:Lne, nor could "he

Toa e et
tnns.....r‘-gsé-..

establ:.sh the blolog1ca1 s1gm.f1cance of the growth constants. .

However, he suggests that “if it J.S of emp:.r:.cal nature,

v B the growth rules proposed w111. be appllcable w:.thout hazards

_x

N to the analysz.s of the qrowth of crustaceans, and 1ndeed are ’

very conven:.ent. s o " T S .o
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A

. and second‘feeding experiment. .
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Regnault (1970} used this method when studying the
laboratory growth of Crangon eeptemspincosa from metamorphosis
to sexual maturity To avoid the difference 'in growth rates
observed by Regnault between Juveniles and preadults, aonly
shrlmp that could be . sexed were 1ncluded in the present

experiments, as was also done by WllCOX and Jeffries (1973) .

"Thus, no inflection p01nt ought to- appear in the diagrams.

The data were: transferred to punch cards for re—"
gre551op analysis according to- the Hiatt growth diagram for
both, -increase in the Weight and increase in the- length for
the weight the diagr;m was made on a time ba51s. The Sets
of data were first compared in groups of two diets for'

significant differences with the computer program FRB SA040

QQCV4 (simple regression). After COm%Pting the regression

-equations for each diet, tHe lines were plotted atcording

to Hiatt s growth diagram. L ‘

e \

The data were then transferred to ‘the computer

program BMDOIR where comparisons for 51gn1f1cant differences

s

 were permitted 1n more than two groups.; Thus,. the.equations

were compared among them in order to find'the relations of
growth in«the various diets and, 1f p0551b1e, to classify
the diets according to their effectiveness. For the first

feeding experiment a total of 138 cbmparisons for'each, weight’

'and length, were made. Other comparisons were made between: .

3

the male and female shrimp on the same diets and further,

comparisons Were made among the common diets- of the first
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The survival and the moulting frequency of the
animals were obtained from the records kept” for e'a‘ch'shrimp'.v'
The growth rate was derived from the moultlng frequency and
the mcrements between moults, and it was used as an overdll
o 5 checking for the calculated results and the class:.fwation of
‘ the dJ.ets in groups., - /". "";" : EETEE g
, The Po:.sson d:.str:.butlon was used to test whether "_51 ' '
EOTRE -deaths due to . moult’ faJ.lure were random._ FJ.nally, the
’ ""/Mann-m:x.tney U-test was applled to compare the dlfferences
1n surv:wal between male and femaie shrinp fed the safe- dlets.-, =y
, ) . . A o
¢ ' A . S
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T T Iv, _.RESULTS Cwd s N P C } Tt P
s A. Fleld Stud:.es e R B R
e Crangan septemapmosa were co lected from water LT
. N N o y &
S T £ which the salmlty‘ ranged from 3 O to‘*za 6 /oo and, the T

5 oad: o W temperature, Erom 0 0 to; 24°C (Table 4) '
g e e .é '

Lené‘th-frequency dlstrlb;yt ‘ris of 843 dhrlmp are '

shown 1n Figure :i Altheilgh 'cond"‘ tJ.ons d&d not perm:.t-

LN .

E regular and adequa.te. collectiona durl__g the w:.nter moxiths

\* (December to March) ’ shr:.mp were found J.n Lond Pond during

: , ' all.months of eellection. '.::‘\'( } ' ‘ ’ “ "‘A MW J ._'_ '.
";.:,1 . e '. 'o Gen.erally Crangan septems‘p‘zn;ee ‘Were numerous from

‘ Iy . -. APFll through November, 1977.-. Females were larger. than the

‘ malesw(.s.ee Tables 6 / d 8) This dlfference 15 morel ébviqus

1n bigger inda.v:.dual Th.e largest male. /ollected was 56 mm:

- : h hand the 1argest female was 71 _mm both \collected'f-in October.", i
‘ ‘ , ’ h Most females were x;oi: e;rryi;lguegge.“ Egg—carryingm-“"—:*
» females, 'although not so ab‘undant, were collected from Apr:.l ‘
g V . te August. When flrst appearing, egg—carrying femalesdwere
- ‘ ¥ 1erge ,shr;.'mp, but dﬁring the follnw:.ng months w'éré ,rei)ll‘eeed
b i | by smaller ind:va.duaJ.s (75 mm in Apr:n.l, A!':»1-73 mm in May,
4 ¢ gl N IR o L

- show that, when they first appear :Ln the population 1n Apr:.l,
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Table 4: Hydrographic data associated with collections of .

Crangon septemspinosa in Long Pond, Newfoundland.

Date

o

- Temp.

- 0.
< C

"Salin.

Yoo

€ond.
uMHOS
)

PH

May 18, 1977.

P
~June 15, 127?
July. 15,1977
Aug. }5,_1977
Sept. 15, 1977
Oct;'IS, 1977

; Nov. 15, 1977

A A e 8V

'‘Jan.6,. 1978

<

Feb. 20, 1978

-~ -

March 15, 1978 . Surface

_April 12, 1978 . sSurface

g et e iy e
L R

("

©  Surface 15.5

Bottom ~13.0
" surface 'j 18.0
Bottom | 20.0
surface 54.0

Bottom. 20.0

Surface - "20.5

Bottom ©20.5°

Surface 13.0
Bottom ' 13;0
Surface =~ 12.0
Bottom 19.0
Surﬁgfe - 12.9
Bottom 11l.0

Surche ) 6\0

. . Bottom 0.5

-Surfase 0.0

Bottom- 0.0

0
Bottom .- 3
6

‘Bottom 2.0.

4.0
27.0
45
2570

6.0

28.0

27.5
26.5

8.0
23.5

8.0

21.0

7.0
11.0
11.0

22.0

7.0
12.5
6.0°

'11.0

3.0

21.0

450

- 28000

3000
- *35000

- *10000. - -

35500
~, 10000
26500

22000

24200

7300

" 12500°

205

18000

6000 .

.11000‘

‘480

900 °

900

2200
19500

37800

‘'’

7.25

2

7.85

8.90

.

.-

.......... et
a5
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Wﬁjthelr second year Were caught.Q'

N males outnumbered the females 1l:1. 4l and. durlng January,.

52

middle stages of egg development.

Juveniles were collected in all samplings, except
February. The most numerous and smgglest juveniles, collect-
ed in August, -increase in size to Novembér; there is no

-

apparent increase in their length from November to May.

- From May‘these animals appear'in the length-frequency-distri-

butlons as mature shrlmp which 1ncrease in size ln the next

';months and t%en most dlsappear.,r If the dlsappearance 15’_,?
»due to mortallty, the 11fe span ‘of . most shrlmp would be_i"

'_about lk years.' Relatlvelx'fEW large shrlmp ()ﬂo mm) in

The.blggest shrlmpAwhlch was not-sexed was 27 mm

there is. an overlap from 24 to 27 mm of shrimp of differen-
tiated and nondlfferentlated sexual characteristics., =«
Wlthxn the total sample. of shrlmp, the ratio of

males to females was almost the same (1:1. 69, males females)

,The sex ratlo was unequal and 1ncon51stent throughout the.

) year-- Durlng the months of August September, October,_

‘ .

1:1. 15¢ durlng the months Aprll to July, females outnumbered

the males 1: 1 31 and durlng November, l l 43. ¢

The number of male, female, egg-carrylng female and__

Y

) ]uvenlle sand shrlmp collected 1n Long Pepd are glven in

Table 5 and the per cent flgures are plotted in Flgure 4;

'Flgure 5 glves the actual number of shrrmp..'

“1 Table 6 shows the observed srze per category each o

month and the temperature each month 1n Long Pond ‘ These

. j'

' 5ince the smallest sexed male and female animals were 24 mm,

Ve o e e et
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“une 15, 1977 | 38|38 | 45 |45 | 4 | 4| 13 [13.
July 15, 1977 | 45°[ 45| 40 |40 13 [13] 2 | 2
aug. 15, 1997 | 20 J204 14 (14| 4 | 4 lé'/

e S

e
e
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TABLE 5: Number of male, female, 'egg-carring female and
juvenile Crangon septemspinosa and per cent
propartions of them collected in Long Pond,

‘Newfoundland, 1977-1978.

- - | Egg -
‘Date Male Females | Carrying@ Juveniles
- [No. | ¥ |No. | %] No. | & |No. | %

Total

May: 18, 1977, .| .34 |34'| 44 . 44| 3 | 3| 19 |19

62
Sept. 15, 1977 | 45 45| 25 25| - | - | 30 |30
oct. 15, 1977 | 51 |51 39 (39| ~- | - | 10 |10

Nov. 15, 1977 40 |40 | 57 |57 -] = 3] 3

Jan. 6, 1978 | 15 |48 | 13 |42| - | - | 3 |10 |

()}
[o =]
I

Feb. 20, 1978 5 a2 | 7
April 12, 1978 | 37 (37| 51 | ™

S
]

11 ) 11

100

100

100
100

’, 100
100 -

12

100

31

) ‘ 1
= . Lﬁ& . " .Q. : . j{ /:
— T ' . .‘. —» [  :

L]
1
L)
)
L]
L. 2
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' . Figure 4

Percent proportlons -of male, female, egg-carrying :
female and juvenile Crangon septemsptnoea, collected . Y
in Long Pond, Newfoundland, in 1977-1978. - . . e

R o .
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* o . . . . TABLE 6 -
'»';gdbéerved and Eipected size per category and per month,of.C%qngoﬁ'éeptemspinosq in mm and

the Temperature each Month 'in Lbﬁg Po@d. _ .

";Numéffcal LT Temperaﬁﬁré . PR SR - EGG- -
: ;-'quue ) W Month - (xl) ~O¢” < MALE FEMALE ‘»\CI}RRYING - qUVENILEs
x5 N ‘

Observed| Expect.] 0 -.| E. |20 - E 5 -

April | 4.0, | 35.73 | 33.25 | 39.67 [38.51(75.00 |74.50|23.09|24.28
May - . 14.0 | .'34.03 | 36.01 | 38.93 [4i.67(58.92 {60.70{24.56(23.88 |

June |  18.0 | 33.08 | 37-55 | 30.31 | 44.55|55.25 |53.36]24.58(23.49

2w N B

Jawy - 22,0 ] “39.40 | 38.59° | 44.65 |46.53(48.23 |48.62[26.50]23.09
" [August 205 | -43.05 | 38.54 |'52.57 |'46.5049.50 |49.70{18.02|{22.69
| September 13.0 35,47 | 37.01 | 41.60 [43.78 = /|58.53/20.77|22.29

October . | -11.0. | 38.76 | 36.83 | 47.53 |43.s3} = |60.26|24.70|21.89

.9 o U

|November | - 11:5 | 36.55 | 37.26 |45.30 |44.39) - 20.33[21.50

December, | - - - R R -~ - -

Fanuary [ U5 32,13 | 34.88 | 40.23 | 40.T1| - 21.67(21.10

w

10 . |February i - 0.0 “3i.s0 | 35.07 | 37.57°f40.53] - - {20.70
|Maxen - | T L.s - | 3s.7s. | 2 |alisal - - |20.30

| 4 | 1 :;i“-.'

~
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,’1norease.of their size in the cooler months. - Aprll was

-+ 59

data yeild the lines distribed by the following equations:

L = 0.245 Xl + 0.311 X2 + 31.958 for males
L = 0.448 Xl + 0.641 X2 + 34.114 for females
I, = -=1.294 Xl ~ 0.865 X2 + 80.544 for egg- .

carrying females 4

o

o L = -0.398 x2 + 24.679 for juveniles.

~where L is the‘length of the animai X, is the temperature

1
of the month and X2 1s the numerical value ‘of the month 1n

: questlon, where Aprll is 1, May 2, etc.. The equatlons in-

dlcate that the mean length of the. p0pulatlon anreases :

‘for males and femalee 1n-the warmer ‘months and decreaSes

in the cooler months, whilg for- the egg-carrying females

the opposite happens, i.e., their length 'decreases with the

warming of the water and increases with the_cooling of it.
The length of juveniles is independent--of the temperature
and depends upon the numerical‘malue of the month. The
'expected sizes of each category per month, caloulated

according to the abdve eqguations’' are shown in Table 6..

The equatlbns are dlscrlptlve But can be used -

Ito predict the expected mean size of the categorleg of the
animals in a certain month, 1f the water temperatdre 1s
known. . They also fit'to the pattern of appearance of each
category of shrlmp in the populatlon. For example the

equatlon for the egg—carrylng females ‘describes the dej

crease in the size of these animals 1n the summer -an

chosen to have the numerical ‘value of 1, because the flxst

3 . . , . ." o

‘ - . . -

—




. their length. : S e

. thlS does not seem to be. true, 1f the '1arger
: creases for the heav1er anlmals. On the other hand, the

L whlle the spec1mens 1n Haefner 's study were tahen\only’ PR, O R
o - ‘ : TRSLEE et L 2

60

[ =3

reqular catch after the winter and the first egg-carrying

fewale was collected in this month. o

:

2. Length-weight relationship.
The regression equations computed for the wet and
dry weight of Crangon septemspznosa are presented rn Table

7. On the basis of these equatlons,/plot/ of 1ength-we1ght o

relatlonshlps are presented ln Flgure 6.\ ‘“~ S "l'f"'

T
Voces s,

iézi"ﬁ The female regresSLOn 11ne ls elevated hlgher than‘j:;ﬁﬁ

' B i s, ot

;jthe regresslon 11ne of male shrlmp,-and the egg-carryrng

’. re e T T,

_regress1on llne is hlgher 1n elevatlon than that of female m

anlmals. This was expected because the mass of the eggs

J. R

contributés*to the welght of animals w1thout affectlnq'

-

Table‘ﬁ‘presents the caiCulated wet wéight‘forﬁ
representative size sand shrlmp and numbers per kllogram.

The regress1on equatlons, as computed in thls

. study, are much the same as the equatlons calculated for

!

the sand shrimp by Haefner (1973) Comparlng Table 8 w1th S
Haefner s results 1t can be sald that the anrmals appear hffﬁn

to be sllghtly heavrer in Chesapeake Bay than in Long Pond.

ThlS dlfference maght be due to welghlng errors, although '"‘;r;“

L

N -

anlmals are compared because the dlfference.Ln welght 1n-'

.t a i

I
PN

spec1mens of thlS study were taken throughout the year,

RERN

durlng two monthslln sprlng when mbre‘food might be avail=" "
S L SR A
. .;_’";_. Z}Cp \‘l IR
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“TABLE'7f"

15w

-

75330347965

3.0251798 log’

24

56

0.09

1.03

3f o 7§.Length—we1ght Relatlonshlp of Crangon septemspznosa-ln Long-Pond Newfoundland. {
T . Sex,  wet, and dry weight, number of. observatlons, the regression equatlons, the ¥
LT :'~correlatlon coefflclent and the ranges in size and welght.;fa;%.i_ 3
e e e e T e ~
— — ‘ju[ﬁ : - L - B . ’ A |
- .. ¢ | NUMBER R T CORRELATION'?*' .. RANGES D .
SEX 4. . o) OF U "-l EQUATION . COEFFICIENT ' : i
L .o OBSERVAT.-.‘ o » T LENGTﬁﬁgmm)‘J WEIGHT (g ) :

ol .JN y ' mln. ‘max. “Hiin. max. i

ey

log' W

g

25.9093783

I
R

3.0175238 log

.‘:.' 24 o

. 56

0.0131

0.2498

1.0 335

log W

--5 4943533

"3 1636914*

19@‘

. 24 B

i

0,09

3.16

FEMALE ‘|* M

55 BRNETYIN

»ipé:w.

-—5 9755588,‘

»3 0752560

log

77

0.0211

| 0.7634

.= "I M’-’j\:r»«t .

|- wer |

log W, =

=5.7101718 +

3.3110325

log.

.45

0.56

3.05

RPPIE Sy

EGG CARRYING | : ="

“T‘fﬁéﬁﬁ:

“log W =

s

258806829 4

3.0840407

log

g5

75

0.1620

" 0.7973

et |

sz

| 1ogiw = -5.8358781

- 3.4311208

27

0.010

FRANELTE TIPS N

TOVENILEF.

T

b 153"

1og W=

[

E#Sﬁédozi%éi

2:5998461:

.?7”“

0.0040

W=

'\x

»'\'

Welght 1n (g) and L

total Length ln (mm)

Vo
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of 331- male, 335 female ‘and
153" Juvem.le Crdngon a.eptemspznosa. (Soldd. llne- wet e

WElght. 'BI'Okeh line:- dry.‘wej_ght ) :.‘-, v ,..-‘: : )
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(9)

WEIGHT

4,000

10004

2000

10004

0500 -

0100 1

00509

0.010 4

0.005

0.001

JUVENILES -
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J«—F0B CARRYVING
FEMALES

10

20 30 40 50 &0 70 80
TOTAL LENGTH (mm)
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é ’ TABLE .8 N

Calculated wet welght of representatgve size Crangan

aeptemspznosa and extrapolated number per kllogram S S fe

b M ) . -

‘EGG .;

:‘.':E— T | ._A '. ) ". MA‘IIE . ’ . '. . \‘FEMAI'E 'l R )
S , - Cov : ' - RPN CARRXING FEMALE

- ;iSIZE,fj' — - ,

"'l: ! . - .m Mean L s ! :Mean Lo Mean ' ' ,-‘ .
o Welght(g)g No/kg:;'Weight‘g) .'NQ/kg WEIGHT(gy,~N9(k951I‘:
heo e as 0.098 | 10204 | 0.107 | 9346 | ,—= —_
B . 30. 0.150 - 6667 | 0.166° | 6024 S —

U B , . ' N

Iz . 35 0.235 0.260 . |. 3846 S —_—

50

N R |
A 1

0.339
-0.500
0.684

- 0.929 ..

" 4255 -

2950
2000

1462

1076 -

0.377
0.525
0.764.

1,037

'1.437

L 1.741

2653
1805

1309

964}
696

574

0.630
0.846

1.196

1.630

SLEFIEN

1587 .

* =
Rt
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x
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b
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-2
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L
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b o -
' . e
iy ' * able; .this differehce might heVe caused the small
discrepancy, which otherwise'is not easily explained. '
gy Egg development e o - ;Jﬂ' o
*?ﬁ-i..;. “_:'A_LT‘QJ'. The stages in the development of the egg were’
L h‘:"uphotographed and these photogfﬁphe.mere used to produce W ,1"M. ,
" :""-:>:thé Plate 9. ,- As" the’ ‘egg development 1s e oontl.nuous b:Lo-( :

{ ;:?'éi:loglcal procedure, the stages 1nc1uded 1n this Plate only*ﬁl ~ |
j”fop~f o ’represent a few phasea'bf 1t,-and, consequently,‘are 3
: arbltrary ] ' ) N _. :
o : .‘ The development of the egg in Plate 9 is . c,l.assi-'

i . : fled 1n four stages which are further subdlv1ded- | | .

« . . B -

- S _ Stage A: Upper row, from left. to rlght.

T e

.z? ,Newly-lald, spherical Egg to the startlng .of QHStIUIatlon‘ f
' ) A]_ :. egg newly-laldp gpherlca1, yOlk um.ferm, : g ( ,1
i; | 3§£ egg enlongated 1n one dlameter. JRt L . . ‘ »? Jff
fg . ; 'AB: egg bullet sha é’ oo ‘,; S *1: i
€ Ay gastrulatlon farggng.. , L AR T
f? -;fhi: BT 3Stage Br ‘Seiond -row,’ from left to rlght y : "E
EE ? :p e~‘ Gastrulatlon~and segmentathn'. : JUeE ; ’; ;
é% F?.iﬂ igﬁﬁnﬂahﬂnlnPHwTﬁéaIQfoféfagf‘::jflfﬁﬁpfﬁrkék

o
IR

7ﬁ early segmentatlon of the body, L ; 5"--_'ﬂff'vf

e

e

' 'w""bu T

- . Stage C- Th1rd row, from 1eft to rlght': ' -

"Et;;ll eye larger,nfi“‘
JriQ;ﬁ o'tllne of}carapace and abdomen v1szble,“

iy kS

mmhwwsthﬂ-p@—-?:vmndquﬁ‘é‘V* .
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C3: abdomen increased in length;
. *

’ Cy:  eye 'almost full size, carapace and abdomen full size .
" put not separate. ' o _
- ' ’ B o

P Stage D: Last row, from left’ to r:.gh%. e

: L Eye full isize, abdomen free from head, no yolk v;/Lsible and
.= . ;’Jl':)l.lz"‘, eye full s:.ze, abdomen free from head,l lno"' 7 .
‘ :.‘j-v L Dg: - pre—larval stage, larva full 'SJ.ze ;ozlﬁzﬁed in the eqg;: ..
- :-‘Dé: larva. hatchlng. . DR T S
B A zoea, just hatched is shown at lower r:.ght. / ﬂ
‘ These stages are similar t;o those described oby ;
Price .{1962) and used by Emb:l_ch ('19'73) for C. se temspmoea, . j
i:.;;-. L and by Mered.:.th (1952) and Lloyd and Yonge . (194 ) fo/:.://
i : o C.lvngams. 5 , e : L o )\/ "
R .. ‘:-."-' The egg development J.S d:.rectly related to water
' . & . temperature w:l.th hatchlng occurrlng J.n about 3 weeks at ‘ _ N ‘
\l}i ”’ 20 C accordlng to Wilcox (1972) Lloyd and Yonge (19 47) " y
- ‘ L report that ﬁpr 6'. vngama the du : tlon of the egg- i * ‘;?7'
co carrylng J.ntermoult is approx:.ﬂ\"" ely 5 weeks at 12 C. _“In,
AR ; : .

X

TR
¢

) l o - !/ e o ) 2By
maximum temperature‘of 8 C 1n Jume\, and an.mmn, ‘2 C :m RS

Ky,
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% B. Substrate-selection ‘Experiment. . L T .

- i..Prel-im'i:nary Obs‘ervation_s.'

(Burrowa.ng beh*avmur. R o Lo

,j When burrow1ng the sand shrlmp dlsplaces the sub-

."'.

S “,’ strate away by synchronous and powerful beatlng of all

d.eopods.. The walk:.ng legs extend sllghtly outward and
SN backward and make shuffllng movements- usually the f:Lrst

two pa:.rs of the peraeopods are hold:mg the substrate. o ’ e

<

When a small \long, hollow has been excavated the ana.mal o
flexes 1ts body 2-3 tJ.mes, probably forc:.ng water out of

the glll chambers and pushmg the substrate out and up.
I' .
oot Wl‘th these movements the substrate J.S pushed around its ]

-
»

, T ' sldes. \As a. result the” body s:.nks slowly down and obtalns _

l A <

‘a ra&ther horlzontal pos:.t:.on' w1th the cephaloth ;:ax sl:.ghtly

L)

J.ncllned upwards. ThlS action lasts about 10 sec but the

o A shr:.mp remains part:.ally uncové'red (Plate lO) After thJ.S, P ,

A ;oo e

- S cor}tlnuous ‘n.lovements of the antennae begln w1th which the

' shrlmp moves “the sang and fla,t‘tens lt around and over 1ts . i

PO . i L

baek (Plate 11).- Thls actlon slo down as the shr:.mp is-

o

covered/ by the substrate.‘ Flnally the long antennae come. _: -".: N

RETCE PR td" resﬁ and remaln bent backWard along the shr mp 5 body,
. " '.-‘; ,' . T ‘\. 1 .. ;‘J“ ' ,’:.. ;o : C
IR the whole procedure lastlng about 20 sec. The shrlmp :Ls _'; .

" now COVered w1th sand, the two small flagella of the fz.rst

eyes also, wh:.ch are hardly dJ.stJ.f‘n u shdfro

gralns (Plate 123
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"animal were not Successful If more. substrate 1s thrown .
.on it», the shrlmp rises hlgher and h;\.gher 1n the substrate,f‘, g
so that 1t is. always covered wrth a- very thln layer,‘- not ;‘«\; .

‘ more than a few. mm . R A

' deep :Ln the substrate, usmg only a few centimeters from

‘ part1cle-51zed substrates - +the rnhalant current rs obv1ous .

,P,enaéus duprarum. e

R T

frequented all SeCthIlS of the tank randomly, accorch.ng to

t.here cou1d be a larger value of zchr-square was>0 05- '-4,.':-‘

parts of .the’ exper:n.mentr

& "74

[ 3 . Iy

It J.S obvrous thati the shr:rmp do not burrow very

1ts top ThJ.S was also notlced -in the field observatlons.

When the shnmp is burrowed - especrally in small . R

ThlS was descrlbed by Dall (19 58) for Metapenaeus mas temz, L

‘

Fuss (1964) and Fuss and Ogren (1966) for the plnk.shrlmp

,'b Dlstrlbutlon Experlments o S 4 :'} ‘ '».‘:'
- ST - - PPN '.r~ .,

Appendlx l shows the results from the flrst and

—

second part of thls experlment. Results were subjected tO‘ e

a chi-—square test of the null hypothesis thpt the shrlmp '

the expected Pomson dlstr:.butlon. r The pOSSlblllty that

the hypotheSJ.s of random selectlon was accepted 1n¢bbth v

under um.form con- .

the anlmals ’




- The number of C. septemspznoaa An‘“the’ vanous substrates,
‘,{ summed for the three repllcations. -
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size ;election ekperiments..

. A chi-“square test was apprded to test the null . g

- hypothesis ttat the ahiqels selected all of the ten
. . ’ substrate ‘choices in ra’ndorln fashi;pn‘, according to the » {~ l‘
expected Poisson frequencies. The probability that there.

- [

‘could be a larger value of chl—square was <:0 05; the : L

‘ @ oa

s hypothe51s of random selectlon was rejected in the partlcle—

size selectlon experiment. & S A

». . -

The anlmals selécted sbbstrate mater1al from 0. 002 - o

to 2, 000 mm Flgure 7 shows‘that more anlmals preferred

sand \followed by flne sand, very flne sandp course sand

and flnally, 51lt, clay and very coarse sand : The

. o

&
.

. ‘ statlstlcally similar choices are marked on Flgure 8 whichw """" i,

-

e R e At S
-

. also shows‘the distribution of the animals on.seml-

logarithmic scale. . It is clear that the attractiveness of

the particle sizes:next to the‘sand-ri/shaller, and choice . L3

o e Aot T e e 2

for particle'sizes.further on the'measuriﬁg,scaie is eﬁen

more- reduced. Selectivity 'towa;de bid@er perticle sizes
. ; : falls abruptly and no shrimp were  found to.burrow in i . : - ’l;i

subetrates7brgger than 2 mm. Small partdcle selectivity S A

o decreases smoothly, indicating that the shrimp may Burrow o
' ' . oL i

in smaller particletsized substrates.

3. Substrate—colour selection.

Appendlces 5, 6 and 7 and Figure 9 give the..
’"results of 3 repllcatlons of substrate—colour selectlon.

° A chl-square test was applied to’ test the null

hypothesﬂ% that anlmals selected all of the f1ve substrate

'
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choices randomly, according tO'the eibected:Poisson"
T 'w ’ frequencies; The probablllty that there could be a

[ . .,,

1arge value of Chl square was. 0 05 the hypothe51s of

/- &andom selectlon was' rejected 1n the colourlselectlon

i : ‘ N . .
T '_experlment. The shrlmp showed preference and they are SN

W

attracted by the col%ur qg the substrate.

.ﬂff" The anlmals selected the colour brown as thelr‘
&'; flrst preference, follow1ng by gold-sandy,,green—grey,‘.Q

S belge—sandy and whlte-grey.. The statlstlcally 51mrlar

ST S cholces are shown w1th horizontal llnes in Flgure 9...?-

. §7 L _,In both experlments dlfferences between the -

1 . o
s [N I

replicatrons were obserVed but, when tested .none of them -

~ '

v

. was st’tlstlcally 51gnif1cant

3

. Dally measurements of sallnlty, conduct1v1ty and .

pH of the runnlng sea water showed Ilttle varlatlon 1n

IS

thelr values. -* - N TS . . ® . ..'
! > : A

Trlalstrun Ain dlfferent temperatures showed no .

Sy e MR LT S
.
i

N o o - "
o differences lnfthe results. é; T ’ SIS M
% - . C. Feedlng Experlments S .1 G -
Lo o o ' 1Growth was measured as increase in welght, L
'é_ 1ncrease 1n length, moultlng frequency and growth rate.’,
i . survival of the anlmals was also determined
?' - ’ 1. Increase in the Welght and the Length ,
:: :: <t . The computed regre591on equatlons for the welght
@4. . and length Hlatt fqr each diet ‘are shown in Table
-%;' 9. The: equatlons single diets of'the first feeding .
a,. . . . S R
t': .7 . ce
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. - s . TABLE 9 ! . )
L .. N . N “ -
oo T Ra’gre-sion-equ?tlonl Eox t.he Helght and’ tha Length\in the vnri.ous dietu for both ‘the
o L 1}' o o D feeding cxperim-nu. L. ,
_ . . . '_" L . ' ,‘B'v,~f?" ‘
I oL . .DIETS . . WEIGHTS - . 1 LeENGM
. N . ve .. .. . ] S, 4: . .‘",_, ..\_' ° 'u ) '..".'.
T Co. csquax. v o . _y,-i,l 7688330 - + 1. oszzsax .- y - 1. asussq~ +.1.0024554x" . !
P squiart et = slasorss o 0 91334299: yia 9. 0847207 + 0.82701186x
L0 Mussel I ooy -"'9 0192795 * 1 0065578x |y = 6. 7339522 +.0. 90955460 .
- uuisel a0 L T Ly =11, 457386 + 0. 98310186:&’ y - 7. 0221834 + 0, 92144572::
j" Capnn e '.', R y.-'~5 4539940 +.0. 96920955x y/- a. uensz.;'o 92213318:: .
L Capnn 1 T oy --_3 5208575 + 0, 99514aasx y - 2.3802461 .+ 0,98727957% . l
-: . Tetra.mln o . ' Ay = 0. 9!!8729 +, 1. me:sq:x y - 1.5}22519}- 0.99042766x - A
Squid + Husael._ o |y = 6.2996742 +.1.0361424x |y = 1.5146838 + 1.0263603%F . }
. Squid + caplin Y]y = 3.8595582 + o 99931386x |§ = 5.7697878 + 0.90241185x , i
Lt Squid + Tatramin T y = 3. 9402988 + o 99574447x |y = 2. 7661438 + 6..972973:.!:: v . ! ‘
‘Mussal + Caplin | o .y =6 1533919 ‘0, 99842508x y = 5.8217779 +0,9163435¢x
. . Mussal + Tetramin |y = 4.8310386 + 1.6523625x y - 1.97345?1 +1.00162122%
o toe " : S . R
" caplin + Tdtramin . . . ' |y = 0.92412172 + 170311965x |y -.1.0705331 + 1,0016957x
% ' _ . . . L . : . .o .
» nstvxid + Mussel + Caplin I - y = 7.4052978.°+ 1.0193088x jy = 5.5225561 + 0,53578850x ,
. Squid'+ Mussel H-Caplin I ' . ¥ = 7.5827011 + 0,99580604x |y = 4.7794900 + 0.95823682x
- 8quid + Mussel + Tatramin y = 7.6655428 +'1.0073363x |y = 6.5668342 + 0,90573573x _ -
‘Squid + Caplin + Tetramin = - 19 = 3.3799389 '+ 1. 0034771x |y =:2.3401029 + 0.3818437x
R . o Hulsel + Capm.n + ‘L'et:amin ) ly - 4, 8913255 + 1, 0283324:& Yy = 6.1747904 + 0,%0926731x"
b "-‘ Squld +-nuue1 + Caplin + Te:ramin y'= 7.5002547 + 0.97817966x y.= 4.9453861 + 0,8907721)x
Toee o, Btatved : o : y =1, 5319074 + 0. 94553920x |y = 4.9453 61_+0.89077213x
Starved n/ B T .. ¥ =0.0074142838 * 0.973393234 Y = 3.5168556 + 0,91638451x
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'11. There ‘are no 51gn1f1cant dlfferences 1n the regre551on
i

L

84 -

The results from all the comparisqns made;show

1ncrements§ L '-. Sy V-
\ ' ' o

i

llnes of the'flrst and second'feedlng'experlnents w1th
the Same food, except for the shrlmp fed squld
'-,reason for thls dlfference was not, understood ;

ot "

For comparlson purposes, the average pre-moult\

N
“length and welght of all anlmals in the flrst feedlng

‘lexperlment was calcuiated belng 41.27 mm and Q 59 g f~ g

o

N
respectlvely. These flgures were fltted to the regre551on

L 3

3equatlons of Table 9 and the calculatedlresults are shown

'-It is 1nterest1ng to notlce the 31m11ar1t1es of- the results

' J

~

in Flgure 12 for the welght and Figuré 13 for the length.

1n the welght and length, although the, measurements of the

ro.

flrst are based ‘on a time ba51s and the seeond, on the .4"

T [ [ : K

.

moultlng. : : e s
1 . s, . P

Statlstlcal dlfferences between the dlets exlst

0 -

.

iThese are shown in Appendlx 8 for the welght and Appendlx

‘9 for the length.

The pattern of 51m11ar1t1es and

-

statistical dlfferences is complex."However,.from these

’results lt ¢an be seen that the best lncrements were.

Aglven by the diets w1th mussel and all t

cdnh&natlons of

. l

foqu with it. In Flgures 12 and 13 .no d'et .with mussel
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1.5 1.54
1.04 1.04
asd S
n=82 n=89
[SXC) 1.0 1.5 oo os 1.0 15
S ta rved
1.54
101
as.
= -
n=40
. 0.0 os 10 15
Caplin TetraMin
4.5 v
1.04 10
0.5 0.51
n=63 n=54
0.0 o.s 1.0 1.5 oo os 10 1.5
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appears after the diet of squid. Then, all the remaining

& .

combinations with squid and caplin appear. TetraMin 4

appears wherever it is combined with squid. - These diets
gave smaller increments tﬁj; those including mussel. Small-

&

@st increments in the weight and. the length were -observed in

diets .of TetraMin and its combination with caplin. Finally,

.

the smallest growth'was observed in the starved lot. 1In

the weight there is no dlet similar to 1t, all dietslhave'

were found in the dlets PetraMin Fnd C+T.
From these 51m11ar1t1es and the 51gn1f1cant

'dlfferences it is- p0551b1e to c1a551fy the treatments and

'dlstlngulsh four groups. . - o S

-

a'. Mussel groqg, which 1nc1udes the dlets, Mussel,

S+M+C, S+M, S+M+T, M+T, M+C+T S+M+C+T M+C.

48", Squid and Fish’ groug, ‘which 1ncludes the dlets, Squld,

- S+C, S+T, Caplln, ‘S+C+T.

- I

y'. TetraMin groug, whlch lncludes the dlets Tetramln,.

C+T and : - . '// 'h

§'. Starved group.

-

The groups are marked on Flgures 12 and 13. Although minor

dlfferences in the p031tlon of each dlet w1th1n the groups“

exlst, the groups are still Separate from each other.
;Accordlng to Lockwood (1969) and Wllcox and
Jeffrles (1974 1976),'starvatlon 'of Crarngon spp. can'stiil.

result in moulting and growth. Hydration levels are also -

|

51q?1f1can5 difference w1th 1t. For the length, 51m11ar1t1es',

N -
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high in starved shrimp who are not ingesting adequgte?
amounts of food and, presumably; water replaces metabolized
tissues. THis may be the reason for.the small iqoreaseipf
length in the starved group in the experiments, and thiS'
may have resulted in the non 51gn1f1cant d1ffefbnces w1th
Tet;amln and C+T, which appear to be poor diets.

2. Amyﬁ—‘ac1d analyses.

Although the obJectlve of this study was not to
hdeal with food comp051tlon,.am1no ac1d analyses were made
.to clarlfy whether the amino acid composltlon -of. the dlets .
:could be correlated w1th growth : ’ r
tee Phllllps 4nd Brockway (1956) and Ogmo (1963)
.suggested that the feed having an essentlal amlno ac1d

comp031t10n 51m¢lar to that of. the, objectlve animal would

-

‘ be the best. Deshlmaru and Shlgeno (1972) supported thlS

. 4

suggestlon and showed a close relatlon between the ’
dlstrlbutlon of the amino acids, espec1ally the basic ones ,-

of the body of the animal under study;‘and the feed‘

. efficigncy of the diet. g

The results of the aminoiacid'analyses are shown:
in'Table‘lO.i The comp051tlons were - comparable to
-Deshimaru and Shigeno (1972) glutamlc acrd,predominates
. -and aspartiC‘acid follows7 Leucine, lysineiand’arginive"
rangezﬁron?yS-lo%, whrle‘methionine and histidine range
from“2-3%.'"Their ranées in the table of the Japanese /
authors are 16-18%, 11-14%, 7-9%, and.l—3%:respeotivelx.

The similarity of  the amino acid composition

.
“\
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. TABLE 10 »‘ - ? .
o Amino acid composition of the single diets and the shrimp
- . . R . T .
P - Shrimp .- - Mussel. Squid caplin ~  Tetramin
Ei . (%) (*%) . . : - ’ . v o
. L g7, Eﬂno % - Ratio % - Ratio 3 Ratio - % Ratio
' Aspartic,acid 6.744 12.967 5.032 11.399 5.440 11.109 6.150 11.606 2.241 © 8.647
o Threonine - 2.257 4.340 2.669 6.146 2:312 © 4,722 2.380 - 44492 1.045 4.033
oL Serine 2,214 4.257 2.258 ©~5.155 .] 2,056° - 4,199 2.373 4.478° 1,232 4.755
BRI * 1Glutamic acid " 6.718 12. 917 5.813 . 13,168 " 8.422 17.198 6.972 . 13.157 5345 20.777
S p “|Proline. 1.930 7 3,710 - 2,006 .| 4.544 | 1.633 3,384 1.923 3.629 ;2,0%5 7.746
‘|61lycine - 2.479° 4.767 - 1,992 4.513 1.73% «3.535 3.073 5.799 125 6,666
Alanine 1 2.764 5.315. 2.132 4.830 2.765 '5.646 3.678 6.942 1.355 5.228
Half Cystexne 0.406 0.782 0.325 0.736 -{ ,0.331 ' 0.635 0.372 0.702 . 0.107 0.415
Valine 3.185 6.124 2,555 5.798y, 2.408 4.917 . 2.973 5.610 1.255 4.843
Methionine 1.321 2.540° 1,165 20639 1.376 . _2.810 1.699 3.206 0.566 2.184
Isoleucine 2.752 .5.290 2.217 5.042 - 2.605 '5.320 . 2.238 4.420 0.949 3.662
Leucine ©3.942 "7 7.580 3.237 7.337 4.184 | 8.544 . 4.695. 8.861 1.899 7.327
Tyrosine 2.312 - 4.446 1.863 4.220 1.504" 3,079 - 1v6e93 3,194 0.630 2.430
Phenylalanine 2.962 5.690 - 2.129 4.833 . 1.863 _ - 3.809 2,965 5.595 0,958 . 3.696
Lysine _ 4.077° |~ 7.839 3.661 8.29%4 4.751 9,%9% 4.827 ° 9.109 1.486 '5.734
Histidine 1.635 - -6.036 . 1.086 2.470 - ‘1.001- - 2.04 "1.313 2.478 0.515 1.987
Arginine ‘3,059 5.882 ' 2.379 "5.399 3.247 "6.631 - 2.917 5.505 1.669 6.439
. . -{NH3 . 0.831 1.601 | 0.671 . 1.623~ 0.639 . 1.305 . 0.530 1.000 0.567 2.198
A . Cysteic acid 0.047 0.091 . 0.036 10,082 0.058 0.119 0.035 0.066 0.042 0.163
N . Taurine 0.105 ‘0.202 10.368 0.834 - 0.158 0.323 . 0.063 0.118 0.072 0.278
o HBydroxypraline - - - - - - - - 0.205 0.792
: Citrulline - , r - 9.105 0.238 - . Coe - - - -
) Cystathionine . 0.049 0.054 - 0.036. 0.081 0.018 ©0.037 0.029 0.055 - -
Lo . Hydroxylysine 0.057 0.110 0.006 0.013. 0.04Y - .0.084 0.045 0.084 - -
R y-Aminobutyric - - .- - "0.006: -0.012 . - -~ - -
H Ornithine 0.055 . 0.106 0.164" 0.372. 0.100° “0.204 0.011 0.021 - -
be Ethanolamine : 0.077. 0.148 . 0.084 0.191 0.266 | . 0.543 0.039 0.073 - -
g . 3-Methylhistidine 0.028 0.054 0.019 0.043 0.034. 0.069 - - = -
o TOTAL .52, 006 100 44 143 - . 100 [-48.969 , -100 52.986 100 . 25.918 100
o . .
1
. (*) Amount of amino acids 1n dmy weight of crude protein residue C =
. (**) Composit1on rate of each amino acid to total amount of amino ac1ds in- the" reszdue part
. ) . - . v
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TABLE 11 A ‘ .
Slmllarlty of the amlno acid composition pattern ) . 'Q

of the 51ngle diets to that of shrlmp

TetraMin

~
Pc
=]

Amino acid » Mussel Squid Cap

* Aspartic ‘acid
Threonine
Serine
Glutamic acid
Proline L
Glycine, . - -
_—
Alapine
Half Cysteine = '.
JVallne Co T
. Methionine . - ‘ .
v L Isoleucine. i
~ :  |Leucine . A
e Tyrosine cw o B
" |Phenylalanine i : -

|Lysine,
, Histidine
. Arginine

- " |Cysteic acid .
~ |Taurine - . i
’ Cystathionine P
Hydroxylysine
Ornithine
' . . |Ethanolamine
' ~ |3-Methylhistidine -

N > » - \
Similar amino acids

* 4+ % % |

g

* 4+ 4+ ok ok ok * )
IR A

* ¥ |

1o%

* ok F k kK * X+ k4 + |
*

U4 % o

*1

{

2
TR
* % % ok A A kA4 -+ I

R N I T I O B S I

© OCOOOO % *+ |

‘—l
~J
-
L
|_l

L)

* 83 milar amino’ ac1d comp031tlon—rate w1th1n the range of
i .5% from that of the. shrlmp

+ Over the range ' ' : e \

H

- Below the range

/7 0 No amino aéid

-

W
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' g ; | |
pattern of the diets'!to that of the sand shrimp is

g

presented in a sfmpiﬂfied way in Table 11. , S

\ . The.amino acid comPosition in the mussel is closest to
that of the shrimp. .TetraMin hé% a composition ftar
different from that of the shrimp,ipeing short ‘in in-

N ) r . » . ' .
dispensable amino acids such as isoleucine, phienylalanine,
] ’ .

lysine and histidine. | Squid and caplin are intermediate. ‘

- 3. -Moulting and Moulting freguenox

The moultlng fﬁequency at the water temperature )

’ d/,e* 'QOf 13% was estlmated rom the records of. the ‘animals and °
. i _

it is. given" fﬁ Table 12 g\? the four groups. For thlS
. .

§ - » . (] (] M | N
purpose the anlmals were a551f1ed in size classes

’ w

accordlng to thelr length. Anlmals of 30-39 mm in total R

length were put in the nII size class and animals of 40 49

Ry

mm, in the IV size classl.

TABLE 12

Mou%;lng frequency + confldence limits. of Crangon aept-
P ’

-emeptnoag at 13°% in days ' ' o EE

' R
CERRU.

LoVt | ’ . . I

v
e

o | L )
Diet groups .+ -, III Size Class * IV Size Class
‘ ! (30-39 mm)- © (40-49 mm)

AN T

P

Mussel“group . . L 17 +1 f‘ - 20

i+ .
s

Squ1d and FlSh group .20 24

|+
N
N
|+
N
T o e
—_—

. TetraMin group o021 .25

I+
I
N+
w

I+
-,
b=

minim. 47

i+
~

T Starved group . minim. 42

\ R . [ .
s e S - e ettt o 2w . - o e m——— - .- . P
L . e ) . i i - ’
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The intermoult period of the starved group is

3 -

hypothetical, given-only for comparison purposes.. It was
estimated on the basis of survival from the daj of the -
ohserved moulting - if any ~ up to the death of the shrimp.
. | ?he Mussel group has the shortest intermoult

.period; the same periods for the two remaining‘groups ar
intermediate and greatly ©verlap, probably'because thére
is not much difference in*their nutritive value:

The moultlng frequency was estlmated separately-'
for the males and females - 1n the two size classes for the

dlets of the long-term experlment and the common dlets of‘

,
the two feedlng experlments. Thls is glven in Table 13

° - e

‘,and Flgures 14 and'lS. These flgures show that the: lnterw

—

/
modlt perlqd at the-same,temperature (i), 'increases with
the increasing size, A e._bigger“shrimp would moult less

freqhently than the smaller ones, (11) increases towards

-

less effectlve dlets, and (111) there is an 1nd1catlon
that female shrlmp would moult more often than the males

in diets with hlgh nutrltronal value and less frequently

%

ip diets with lesser nutrltlonal value.

'

Mortalltles occurred durlng moultlng, the moult L /*'

failures abserved ;n the tanks were_cla551f1ed_1n three '
: . . e s ‘
categories:- ' .

i. . Direct-fatal moult failure} The shrimp were found ‘f“

* ¢

dead in the tanks in the .morning. In all the'cases:the
carapace part of the’ old exoskeleton'was found lncompletely

4

7
detachij/a d coverlng the head of ‘the shrlmp. . No ‘matte# if )

[y

e -

'y

-t

(e b Bt B A LR o A LGN R AT R b S B~ —te .

3 « v r . .
LI : L e e T
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s

. TABLE 13

' ' . . ~

Moltiﬁg frequency \\gg/ . j o ' | 5
o .., Mean day * ConfideNce limits/sex/size ‘class | , S
d,’j?’" . . . . ‘

Wrcotve o) . o n . . i~
vt Cd pd i
"y B

) , . ~ T
DIETS’EﬁSSEX III size clagsF+ ) IV size class + . . L
‘] Confidence LimIts Confidnece Limits : ;

v . . . LA

A seme | - — S —

i —r . T R . ] ' B ] - o ' (_
d 15.81.% 1.32 ‘ 21,03 £ 1.01 ' S
' Mussel. - ' _ BTN - : " '%.
19| 1e.08 +1.52 . | . .18.15 t 0.96 - S
S d' T 17.50 £ 1.38 . | .  21.08 %.0.88 j
’ g ‘ . K .!'.

- i - t L. ;
17.31.+ 2,59 . | 7 20.00 't 2,10 . -/

{40

1

T dad o

(S
=

* .
b
[=]

’

I+
N
.

\¥-}
N

17.69 ** 22.60.

K‘ co0 T gl 1s2rgilse s TE 0 21is3 ' L
. . ! - '.. ’ ‘ ’ N ":\: i
X - Squid — ) i

i+

) e
. -
.O‘

' '23.95

1+
«
=)
[ 3%

..20.22

+
N
Ll

C W
o

Q |+

.

' . Caplin : —

Q| - =21.50%s5.00 ° | 28.00 % 3.58 s e T
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the shrimp was able to free itself from the abdomimal part

of the cuticle, death occurred invariably within a few hours.

ii. Indirect-fatal moult failure: In this case the shrifp

were able to free themsglves from all £he other parts of
the old exoskeleton, except the lower front one. They were
not able to withdraw their 2nd and 3rd maxillipeds and
pereiopods from' the old cuticle which remained there, keep-
i;§ all these parts tied together. The shrimp were not
able to burrow and usually remained éboﬁe the substrate;
they wefe lying on their sidé, making occasional spasmodic
,movementg trying to free themselves from the_exoskeleton;

After 2 to 4 days, the shrimp died, probably because of

breathing diffiqpltiés.

s & oa o« 3 ) . . . . j
.11i. Partial-moult failure: The moulting in, this case was

almost regular. The shrimp were able to free themselves
from the front part of the exoskeleton but not from the
abdominal part. The behaviour of these animals was normal
duriné eating and burrowing. They were active and seemed

healthy. However, the remaining part of the old cuticle:

was absorbing water and day by day it was turning to“opaqﬁe.

From the records kept it was noticeéd that all ,these shimp

invariably died after they passed the day of their expected

fmoult.-None of them survived to moult again. The cause of these

’

of hydration is unknown, but perhaps it involves the

IS

The.exact physiological mechanism

. hormones of the moult cycle (Passangj 1960, from Wilcox, 1972).




CiRaL

D
[ Foa

e e LN

[ "4

‘ 105

4, Growth rate . ) N

As an overall check of the results of the wéight,

length, and moutling frequency, the growth rates per

week for the animals‘in the various diets was determined.
This was caiculate§ from the moultf;g frequency and the
increments of length between moults, in relatiah'with

the number of observations in eéch diet or group. These
growth rates for each dlet and group are shown in

-

Table 14, Size classes and sexes are separated in the
. - “ l

' table, and the numbers of observatlons are marked.’ For

more detailed data, Appendix 10; separates the_fifst_
from the second feeding experiment. As can edsily be
seen from the growth rates the classification of the

diets in the ordgr and the groups stated is jhstified,

Table 15 gives comparisons of the sexes and-

~the groups. It is shown in the table that the growth

rate of the smaller animals, (III size class) is

higher than the bigger animals (IV size class)} As a -

general rule, the-growth’rate~is smaller in less

effective diets and the males héve smaller'growth rate

.than the females. The latter happens with the exception

bl

of low efficient diets, ie. TetraMin group and Starved

group.

-
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TABLE 14
Growth rate per veek In mm for the diats and the groupe. )
TIT and IV
, 11T size class IV siza clawe eize class
DIETS of . gvQof ANarage of
rALE . roLk the tlass mALE rEnALE the claes classes
[5d] . * (e .
N N N N N N N
Hussel 3.3%527002 17 | *1.5546931 19 | 1.9315297 36 | 0.8523518 38 1.3798944 27 1.‘030::}1 1 1] 1.38405%2 101
feMsT 1.5489361 14 1.666566 3 1.5691113 17 {0.90794%7 13 0.9444440) 7 0,9207228 20 l.ﬂl’q“ 37
S+H 1.0547945 12 1.99%8233 3| 1.2230022 15 | 0.951456] 11 1.030000 1 0.96661¢8 1) 1,1039661 238
! g semec 1,1094781 17 1.6991963 14 [ 1.3758029 )1 | 0.7149341 33 1.0816803 15 0.8293422 48 1.0433976¢ 79
Q . . . . R s
8] semecst 1.183823% 16 | 0.9390243 S| 1,1255379 21 | 6.7074460 10 0.99%5092 A 0.8437026¢ 19 0.9916661 40
's HeCHT 1.0652173 8 | 0.777777 3| 0.9546635 1) | 1.0689638 11| e.s305617" 4§ 0.9307244 15 | o.9410389 28
. 3 - . . .
E M. . 0.7094736 13 | 1.§03053¢ 1 1.0994087 21 | 0.7368421 9% 0,6470580 5 0.7047766 L4 0,9415557 135
) HeT ’ 0.723333 16 2,1724137 2 | 0,8843421 18 [0.7692)07 14 1.166666 11 0.9441022 25 | 0.9190863 43
Average for the 1.261088% 113| 1.5215023 $9 | 1,3504062 172 | 0,8200104 139} 1.1177527 8¢ 0.9339522 219| 1.1170933 391
%’ 1.0615383 26 0.36815233 41 | 0.4406998 31 0,835€134 13 0.5693411 47 0.16369)'! 0'1
5 - . -
V] s+«C ‘ 0.7179487 6 0.920293 12 ]0.3907341 0.7403845 S 0.3229706 11 0.7362702 21 .
& , h
E , S4CeT 0.58075910 14 0.6391428 16 [0.2592307 1 1.0208333 2 0.770299%1 3 0.6590%18 19
‘g S+T 0.71555% 12 0.6547973 15 | 0.4516129 12 0.7403846 - 5 0.5365457 1’7 ¢.5919761 12 a
2 Caplin 0.630352) L 0.6043109 14 09.32358308 16 0.353%308 95 ll.!”t'l“l 23 0,4321798 19
3
r T
= Q;::;E;I::‘q:‘;’ 0.306670) 69 0.8142593 %98 | 0.408231% 67 | 0.6978314 35 | 0.5075738 102 0.6578496 200
g Tetramin 0.5051!46. 9 0.53010303 § 0.5152139 15 | 0.424242 h] 0.;65!127 k) 03450325 & 0.4665906 21
I} .
< CoT 0.4938333 12 04827586 ) | 0.4932183 15 0,2413793 0.1043470 ) 0.253973 3 0.43)4069 10
- L} .
Average for the
"é Tetramin Group 0.4990201 21 0.5144348 9 ‘0.50421‘1 Yo 0.31974%2 7 0.273459 4 0.J036418 11 0.4%04034 41
!
- Starved ~\‘Q:..26652!l 4 i 0.2665231 -0.122907 4 0.122807 0.19466% L
E “ IL
4| Average for the ! ' .
: Starved 0.2663231 4 / 0.2665231 4 0.122807 4 0.121307 4 0.194665 4
)
'
. (*) {Growth rate of I'x ¥ otd) ¢ (Growth rate of @ x ¢ of )‘ R . - N = mmber of obgervations:’
(Total § of  snd Q in the class) . ’ I | - §
(**
E
. * ' *
- - '
- t ‘l
N
» L4 i .
. ~ o
- o L] .
'
.
, .
‘ *
. .
- -
. . i
e - e it 10 o . e s —— . T
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Growth rate per week in mm per sex

TABLE 15

(3

]

and p&r group.

N

S}ze Sex " Mussel group Squid & Fish group ~ Tetxamin group Starved

Class N ) N N N
e d 1.2610555 113 0.8066703. 69 0.4998281 21 0.2665231 4
IIT © 9 . 1.5215023 59  0.8334656 29 0.5244548 9 '
o"s ¥ 1.3504062 172 0.8142593 98 . "0.5042161 30 0.2665231 4

- o 0.8280104°189  0.4082315 67 0.3197492 7
A f: 1.1177527 .80 0.6978314 35 0.2754539 _ 4 0.122807 4
& ¥ 0.9338522 219 0.5075738 102 0.3036418 11 0.122807 4
‘o' 1.0221933 252 0.6101354 136 10.4548083 28 0.265231 4
IIIiI & v ? 1.2891284 139 ° 0.7592425 64 0.440916 13 0.122807 4
os ¥ 1.1170933 391' -0.6578496 200 ' 0.4504034 41 0.194665 8

= Calculations

N = number, of observations.

a
)

)f

as in Table }5"

L0T
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5. Survival
R S I
Daily observations disclosed the survival within
all the diets. Appehdix 11l gives the days of survival
for the diets in the first and long-term feeding experi-
ments and Appendix 12, for the second feeding experiment.

The per cent survival in the common diets of the two r

feeding experiments was combined with the survival in the

long—term experiment and is shown in Flgure 16. -~In‘this'

flgure 1t lS shown that muskel, as a diet, had, hlgher

1surv1val than all the dlets, 1nclud1ng the diets 4in its

group, S+M+C has lower surw>wal than mussel. "The survxval

7

of ceplln is lower than that of squid, andnthe survival

of the starved' anlmals #p the Jlowest..

The Mann—Whltney U-test was applled for the
common diets of the, first and second feedlng experiment

to test the surv1val of males and females in each diet.

’

There was no 51gn1f1cant dlfference at P = O.QS in the

“*

diets. Only the starved females showed significantly

*

) N ' 5
higher survival than the males.

-

As regards to e survival on diet groups,
N . \

because no shrimp of the dietary groups y' and § '
survived for 16 weeks, mortalities are also given for

a perlod of 12 weeks for comparlson purposes in Table
) l)

16:-.

‘

b o A ¢
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Figure 16

* +

Percent surv1va1 in the ‘common dlets of the two feedlng

;experlments combined with the survival in the- long-term
"experiment. Line (A) indicates’ the duratlon of the

1st and 2nd. feedlng experiment.’
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TABLE 16

Approximate per cent mortalities of Crangon septemspimnosa

L‘\\ in the diet”groubs.

7 . "

Diet Groups MORTALITIES .
' 12 weeks 16 weeks
o'y Mussel group 35% ’ 55%
8' Squid and Fish groh§ N . 60% B6% .
y' Tetramin group . . 7q—/"“\-\\ 1oo§ '
E : 100% : R

§' Starved group, | 95%

;% In all the diets the shrimp appéa:_red heai,thy’ and

active. Usually they were buried in the sandy substrate of ‘ ‘f
their cages and they emerged as the fépd was being. placed
in them. The most active shrimp were the/ones fed with ’
mussel and cons}derdble'attentioﬁ was nedded to prevent.
them frpﬁ'jumping out* of their cages_into the chaﬁnel.‘
The survi&al in this group indicate tha%, although it is
consideréd as the group with the best diets, deaths would
be'expected even in these-almost éptimum conditions.

' “Survival was the loﬁest'in the Starved group, .
which showed progressive nutritionally stresged sympfoms.
.In the first week the starved animals wegé burrowed in the
substrate as the others did, but day by day more and more
,Shrimp were fqund'lfing quiescgnt.above the'substrate. \At
about 4 weeks no ‘starved shrimp que burrowed in the

substrate. " Some shrimp wefg able to moult .in this period:;
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.
their exoskeletons were extremely thin and ansparent;

no shrimp mgultgd for a second tir_r&g. At abou® 5 weeks
all of them were ging on the sides of their cages and,
when disturbed, they showed an unusual be}&aviour by
swi.mmi-n‘g u/side~down on tﬁe surface of the water.
Wilcox (197R%) also observed the same behaviour in his
food preference studies and descr%;ed it as an ex,tﬁ;me .
and zealous search for food. At': about a we_lek late.r., all -
the. remaining sand shrimp were resiiing on the.‘sﬁrface

. . . .
of their cages. As it was mentioned, according to Lock{vood

(1967) and Wilcox a‘x'{‘d Jeffries (1974, 1976) hydratlon was

. very hlgh, their exoskeletops were “almost opaque. When

removed and placed on thelr backs, only small, weak
movements of the pleopSds showed that they were alive.
They were .moribur{d. |

Groups B' . and +vy' were inter-me.éiiate. There was
a small differences between the two, lind-icating small
dlfferences of the nutrltlonal value of their food.

Moult failure was a reason for a number of deaths
in both experlments. ~ The deaths due to moult failure
were about 13% c;f all the .dealths in each feeding exper—.
iment. When tested, it was found that deaths due to moult
failure are a fair fit to Poisson, less than 0.05,
they are a random and independell'xt factor probably, and
not diet related. o

i ‘There was aiso a significa‘i’\t .proportion of .

mortalities among the shimp, the cause of which could not

~

e ey ——van " : ey . PRI S I
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be identified. The shrimp were found dead without ar;‘y

indication of moult failure and their body was opalescent, -

prbbabl}/ due to formdtion of the new integument beneath
. . .

the old one. ' From
noticed that these
time of moulting.

deaths appeared in

the records of the shrimp i as easily .
. i

animals died just prior expected

In -the second feeding. expeximent these

the lots fed S+M+C, squid, and caplin.

In the S+Mt+C ‘I'Lof these deaths were 13% df all the deaths in

it, 'in the .squid, about 23% and. in the caplin, 'arpund -39%,
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V. DISCUSSION.

A. Field Studies ‘ )

¥ .
1. Length-freguency distribution and Population structure.

) .
Egg-carrying female Crangon septemspinosa appear

-

in Long -Pond from April to Aﬁgust with their main peak in ,
July. The juveniles were always presen® in the population
A Y

and were most abundant in August; they increased in size to

November ané{ show little further increase until May. "After

ear in the populati‘bn das mature animals.
}\cqording, to S.quires‘ ‘(]'.9'65) -and Hie fner (1972)

‘the juveniies 'whi'ch appear in August probably Qere‘produged

AJ.n early sprlng, and the first postla:.wae produced in. the .

summer would attaJ.n the size of 20 mm J.n late fall, and »40

" mm the following year, after 7—10 months. 'L‘he number of

., juveniles collected was small in November and does not in--,
‘\

d.J.cate a second brood as suggested by Squ1res and Haefner.

‘High predatn.on and extens:Lve mortal:.ty ,may have been the

reasons for the small numbers Qf juvenn.les by November.

The 40-42 mm am.mals, found in early sprlng, ‘were obvxously'

shrimp of the.August peak. The appearance of Juvenlles in

April certainly must have resulted from ~récr,u1tmentl.of

' . . . . i

late broods produced in fall or early winter.
‘ !

The 'fact‘that juveniles were collected in aimos.t

! , .
all the collections 'suggest that they exist duripg 1_1-12

menths and that their appearance is due to_reéruitment from

an extensive breeding period. It is., therefore éuggested

‘that egg—carryi/ng .females oecur for about the same duration.

<
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These animals were eeilected over a*period of five months.

a

However, they suddenly disappeared from the population in

September, although they were still carrying eggs. in the

middle stages of the development in Augusf. This suggests

that egg carrying females may exis; for a longer period
among the segméhts of the populatioh, but they.probably
leave the inshoréi_agers in éeptgmber.

TQ invéqtigate the completg breeding cycle of

C.~Beptemspi;asa Price (1962) and Haefner (1972) suggested

simultaneous shore-zone and deep-water surveys to be con-

Peducteéd, . assuming migration of the 'egg-carrying

females.
- ' The ‘observations on the spawning periods for
¢. septemspinosa vary. - On Georges Bank in the Gulf ;f
Maine, Whiteley (1948) indicated qﬂ annual brood, based on
collggtions of ;vigerpus females 4n Aéril, May and June.
In the chénnél of Che#apeak Bay, Cowles (1930) reﬁorted .
oviéerous females du;iﬁg all seasons. In thenshore‘zone
of Délaware ﬁay, frice (1962) suggested March through
october as the breeding season. ' In Port au Port Bay,
équi;es' (1965) observations indigated af least two b;éods
from May to September. At Lamoine, Maine, Haefner (1972)
col}ected egg-carrying females from May thraugh September;
he suggested two’ broods of shrimp per year and put fore-
ﬁar& for consideration as a posgibility‘that the individual
séﬂé=shfimp carry eggs throughout most of the year. The
same author, in 1976, concluded ihat c. séptemqpinoaa T

’

o
a
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exhibits a single but extended breeding season in the
southern Chesapeake Bay area. J \
Female shrimp slightly outnumber the males.
Similar observations were also made by Price (1962).
However, the phenomenon of thg females outnumbering
the males ﬁay only be accidental and may have nothing.
to do with the spawning as he suggests. Congregation
‘'of sexes and certaln size groups, as Meredith (1952) A
believes for C. wulgarie, is a hypothesis which may
only b roved by ext;nsive observations 6r by experi- ey i'
méntatth?. |
;%pn overlap was noted fron124 tQ_27 mm in mature
ﬁﬁimals and animals with nondifferentiated endopodites.
Similar overlap ﬁas noted by Pri;;'from 22 to 30 mm,
who presumed therefore, that the appearance of the
dlfferentlated endopodite, procedes slightly or c01nc1des
K with the advent of maturity; he supported Whlleley s (1948)
J presumptlon that the sand shrimp reaches maturity w1th1n
one year.~ The difference in the’ range of: the two studies .

agree with Meredlth (1952) . who pointed out that female
C. vulgaris mature at shorted lengths at lower temperatures
and proposed that "... size at maturity is possible related
to'tempefature, not age." Regnault (1970) proposed that,

_ among other factors, the development of the external
sexual characteristics and sekual matur{ty are determined

more by size than the age of the shrimp. This pexrmits the

/ conclusion.that the development of sexual characteristigs is
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related to the temperature not age, i.e. the shrimp in
Northern latitudes develop theiyh:sexual characteristics. '
at shorter lengths then their southern counterparts. The
reason for, the smaller size at development in Northern
latitudes is the slower growth due to cooler temperatures.
The equationé relating size, temperature and
month, suggest a possible hypothesis for offshore migration
during the cooling of the water and ih;hore migratidh when
"the temperature increqées. The decrease‘in the mean length
of the population suggests ﬁhat the bigger shrimp mer off-
éhore when the temperature falls, while the juveniles - the
' léngth of which does not depend on the temperature according
to the equation - remain inshore. Later, when the tempef-
ature increases, the larger animals probably ﬁove inshoré.
’ Haefner (1976) also hypothesized that when the
water temperature decreases in the fall, (rangon,
septemspinosa is stimulated to move frem shallow regions
to'deeper waters. The same auéhof (1972) reports that
yfrger adults_disappear from the beaches at the bbgz;ning‘
of the winter and most of them are gone by the middle of
the season. When the‘temﬁerature.falls only -"stragglers"
are found inshore. 5Squires .(1965) feports onshore-offshore
higration in the Gulf of St. Lawrence. Embich (1973) also.
reports probaﬁie migration when:éater temperatures reaéh |
5-6°C. 'In these studies reéppearance in the shore zone in
- .

the spring was correlated with an increase in temperature

above 5°C.
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Price (1962) noted an increased mortality rate
after the lengths of 52 mm in female and 42 mm in male had
been reached, but it was not certain whether disappearance
of large shrlmp was dué to mortality or migration to deeper
waters, because his collections w%;e made in water 1.5 m
deep or less. Haefner {(1976) supports that this was a
result of the migration. -

The hypothesis of Price (1962) ;hat-bigger’shrimp'
die duriﬁg the cold months may explain the dqcredse in the
length°of the,population“but.can not give a complete
‘explahation.pf tﬁe appearance of large egg-carrying sﬁrihp
in Aﬁril. ﬁe also reported that the fi:st egqg cafrierg
were large females. These are probably shrimp/which migrate
towards the shore with the increase of the teméerature..

Further, the absence of femalés cafrying eggs in the last
stages of developmént,indicates.feﬁ‘hatch in the area
sampled. This observation cdn be possibly expiaineq with
the migration of these énimals from. the coast to deeper,
more salipe waters, with the progress of egg development.
The digappearance of egg-carrying shrimp from the population
in September, probably supports the hypothesis for migration
of the sand shrimp. An extensive mortality of these animals
in September would result‘in a reduction of the Long Pond
population and this dogé ﬁot seem to be true.

’ The length-frequency distribution§ and ga;ggories
of.£he sand shrimp population throughout the'year shéw that

the/largést shiimp are females; this happens due to army )

’ ¥
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a different growth rate of males and females after maturity.

The possible maximum aée can be estimated as more than two f
years for males and approximately three years for females.

This es?imation is .in agreement with other information for

'C. septemspinosa (Price, 1962; Embich, 1973).. The greatest
mortalities probably happen either with the cooling of the

waters or after spawning.

B. SUBSTRATE-SELECTION EXPERIMENTS. : - -
1. Prelimiﬁary Observationéx‘. ’ |
a. Burrowing Béﬁaviour. ' . l

-~ Fuss (1964), studying the burrowing Behaviour of

the pink. shrimp Peqaeus duoraruh, ppéerVed two burrowing
methods. The first method has a ;éburiné.pﬁase, wi£h~whicp
.the animal sets up a water curréng with the pieopods which
scours an initial furrow imto which the %niﬁal settles;
then a plowing phase follows 'with #hich the shrimp plows
ahead into.the anterior end of the depression, using the
walking legs to'force‘itself into the.égdiment. The sé@ond
method of burrowing differs from the first by the
elimination of the scouring phase; with.the éecond method
the animal plows immediately into the botto;'and then
settles. Fuss also reports that Egusa and Yamamoto in 1960
mentioned that .Penaecus jéponicus'when burrowing‘ﬁse the
second method observed. Dall (1958) gave description of

the burrowing methods for Metapenaeus mastersii, which

generally agree with the first method described in Fuss'
s .

. .
i . N

paper.

.
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. European species Crangon vulgaris. The observations of Lloyd

- Meredith (1952). These: adaptations were | also .

120

Although Dall does not describe the substrate -7

where M. mastersii burrow and Fuss (1964) says that the

P

observations for the pink shrimp were ‘obtained on sand-

silt-clay bottom, in another paper by Fuss and Ogren (1966)
it is confirmed that the pink shrimp have the ability to
enler extremely coarse substrates. It is, therqfore,
noteworthy to indicate that these observations'éhow that -
these spebies which are able to burrow in hard substrates
use both'methdds described b§ Fusé, while species,speciai-
ized in soft substrates use-only the Qeconalmethoa, ‘ i -

" The first burrowifig method of(EQSS was not

observed in'the sapd‘shfimp. Crangon aéhkemspinos; digs in

ﬁhé substrate wikh thg pleopods and &ﬂen it excavates a

hole it settles in it and shovels sana with the antennae to

cover its back.’ | . ' .
Previous observations of burrowing methods of the

genus (rangon were given by,Lloyd'and Yonge (1947) for the

and Yonge fully agree in most details with the observations
for Crangon 3eptemsfinosa. The use of antennae were obserQed
in at least these two Crangonidae, which ﬁse onlyAthe second
burrowihg method. .It is inferesting to notice that both, o
Fuss and Dall, do not mention the use of antennae in.the ' o
burrowing methods of the shrimp sﬁﬁdied by them.  Further,.

€. vulgaris is a species specialized for life on a soft

substratum of sand/and mud according to Lloyd and Yonge and

noted in (. septemspinosa.

.
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Observations describing the position of the shrimp

]

v

in the substrate are scarce. The observations for C.
septemspinosa show that the shrimp rest in the substrate in
a rather horizontal position with,an imperceptible degree

of inclination of the cephalothorax. This position was de-

scribed by Dall (1958) . According—to . him the cephalothorax

was ineclined upwards with only the tips of the antenules °
and sometimes the tip of the rostrum protruding. Howefer,;

the degree of inclination of the sand shrimp's cephalothorax

[

is very much sgaller‘fhan what Dall describes.

The sand shrimp do .not burrow déep in the substrqté,
but only a few millimeters belonthe surface. All Fuss'
measurements sh8§ that the pink shrimp penetrate the bottom
so that their dorsal surfaces are just below the surface.
Williams (1958) suggested that bottom type.may.iﬁfluénce the
depth of bﬁ;rdwing.A He found that Penaeus duorarum tend to
buriow deepest in sand-shell type bottoms) reporting that
some animals were often buried as deep as about 5 cm. This
is‘aiso true for P. atzecus, but P. setiferus presents a
different burrowing aspecé than the latter two, foiiit does
not burrow so deep and prefers mudier suBstratés.' C.
septemspinosa shows'simii§£~behaviour and similar preferences

with P. setiferus and this supports Wil;iams suggestion.

Probably shrimp specializing in soft subg%rate do'not burrow

. Qery dqqp.
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2. ‘Particle size and colour selection.

The results for the substrate selection experi-
ments indicate that érangonseptemspinosa selects sand as .
their first choice, very fine sand, fine sano and coarse
sand as their second choioe, and clay, silt and very coarse
sand as a third choice, and that they reject substrate
material bigger than 2 mm. The sand shrimp also prefef to
burrow in substrates of brown colour, gold-sandy, grey-'
green and belge—sandy colour and reject wh1te colour.

All the substrates hsed in these experlments, ) <

: - ‘ TTTrT———— '
burnt to 600°C for 24 hburs, were devoid of'any organic

‘ maéter, so food .did ndt influence ‘the results of the experi;

3

monts. ,Altﬁough ﬁhe.shfimp were not fed during the

experiments, from 120 shrimp examined aftor all ;ﬁe replicat-
es, 2 had full stomach, 12 half full, 39 small amoint and 67
had empty stomachs. ‘ , . ;

Price (1962) and Wilcox (1972)ifound sand in the

gastric mills of the sand shrimp. -Stomacgs were not opened, N

but there is no doubt that the sﬁrimp consume the substrate,'

"maybe deriving some benefits from bacte:ia'and, perhaps,

algae and microﬁ;ora which grow on the substrate and on which
shrimp browse, as Wilcox and Jeff;feS‘(l974) feport. Meadows ;
(1964) réporg; that films of micro-organisms.develop quickly
on thelsurface of objects:éewly 1mmersed in water: reachlng
the number 1.24 x 107 bacterla/cm. (accordlng to ZoBell, 1946) .
Forster (1953) has shown Ehat it {s nearly impossible.to ‘

T .
starve caridean shrimp in captivity, because they will eat
. ' ~F .

<
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their own feces which contain cultures of ciliates. TQe
same was also demonstrated by Frankenberg and Sﬁith (1967)
for crustaceans, polychaetes, gastropods. pelecypods and”
teleosts. Thus, the shrimp may eat their own feces and they
may have consumed parts of cast exoskeletons as well. These
are the obvious reasons for 'the stbomach contents of the
shrimp in the experiment, sand being the-more visible.

' Wilcox (1972) reports that appenﬂ;ges and_mogth-f'.
pérts'bf the shrimp are modified for collecting and ingest:_
ing small particles, such as benthic,diht?ms.‘ Alth?ugh'it
néqu.furthér.inveétigaﬁion}.the abrupt decrease of
selectivity in substrates with particle sizeS'biggér than
2 mm may be dge to the fact that the sand shrippvcannot

nsume such particles. On thé other hand, small particle§
Z:Zéuld be easily consumed, and this could explan the |
smooth falling of selectivity witp decréase in paftiéle
size.

Aside from the féod supply, Williams (1955a) . .
emphasized the import#nce of cover in nursery areas.‘ It
wogld appear tﬁat the need to find cover may be complemenary
to 'la neec'1 of f,ood. Cover may take the fo_rm of 've'getatio.n,
dgbris—strewn boftom, or the substrate itself (williams:. ce
1958). Verwey (1948) emphasises that burrowing forms seek
shéltér under the sand. Thu§ the sub;trgte, aside from the
food, appears to exert an' influence on the shrimp.

Wieser (1959) found that, for mechanical reasons,

. . . s
fine sand is more favorable than coarse to some invertebrates.

o v me w cnim e er e e e
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This capacity to burrow may provide another reason why the
sand shrimp avoids 'substrates with particle size bigger than
2 mm. As was described, shoveling with the antennae completes

9 9

the burrowing. If the grains are so big that the animal

is not able to remove them with “the antennae and put them
on its-chk, this will result in a paitially—covered shrimp.

As an obvious result the animal w111 avoid these partlcle

sizes. o [v ’ /

.

e
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According to Williéms (1958) , the animals‘adjust-
Strrow1ng not only to the ease w1th whlch they can enter
the substrate but also to thelr resplratory requlrements.
Observatlons on shrimps burrowed in gilt and clay showed
that their gill chambers were not clean because small partlcles
of the substrate were attached to-the gills. ThlS may be
the reason why the number of shrimp wh'ich prefer these sub-

strates is ‘smaller than the number which prefer the sand.

L.

The sand shrimp not only possess an innate.burrowing

behaviour, but also the possibility for sactive colour change
(Verwey, 1948). The shrimp is not only dark ovet‘a dark 4
background and light over a light one, but is assumes an -’ Ty
appropriate tint fér a Yellowish or moré brXownish backgrounp‘
by movements of appropriate types of pigment'(Parﬁer 1930) .
.This means that, when not on the move, the animal is not-

easily seen; the shrimp's camouflgge_affordﬁ’an excellent

hiding,

oA el
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.Finéerman-and Fingerman (1971, 1972), using Bio-Gel
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P6 and eyestalk extracts from ¢. septemspinosa, separated a-
black tigment—dispersing substance from one which caused
/Flgment concentration in this shrimp; these substances are
mutually amntagonistic. Fingerman (1973) found- that not only
black chromatophores, but also the red and white chromato-
phores of (. septemspinosa are under dual c9ntrol by pigment-
dispersingtand_piqment—eoﬁcentrating substances. The
fractione o?tained from a BiojGel P6 column revealed Biack,

red and white pigment activities all having their' maxima in
L

the same fraetiong Finéerman states that the genus Craﬁgpn N
stands alone among crustaceans with teséedt to its chromatic
‘response follow1ng eyestalk removal, because in hlS experi- -
ments a fraction was obtained which caused black pigment con--
centration without causing’concentration~of the piémept in red
endAwhite chromatophd}es. He states that a subst;nce with
‘only one pigment - concentrating activity and another with
i -
three pigment;concentrating activities due to a single sub- o
stence wou{S provide the shrimp with a means of finely modu-

. - AN
lating its chromatoéhore responses'to_gifferent coloured
backrounds. '

In this respect, the fact that shrimp have a choice
.of a certain colour of substrate should be seen in the ease
with which they control the chromatophores and match their
colour with that of the substrate. ‘Prefere;ce to the brown
colour may indicate tﬂet the ?hrimp control the white ehromaf
tophores easier. Avoidance of the white substrate may. show
some}diﬁficulty in controlling the red and blacdk chromato-

phores in this colour. " .
o
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Wickins (1972aL and Forster and Beaxrd (1973), found the
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C. Feeding Experiments ' )

1. 1Increase in the Wélght and the Length and Amlno acid

ana1151s.

From the resultslof the feeding.experiments the diets
used can be ranked in the following order: Mussel - Combina-
tions of mussel - Squid - Squid and Fish combinations - Fish -

(caplin) - TetraMin - TetraMin and fish combinations - Starved.

1

Mussel is the best diet. Even its combinations with TetraMin,

the poor®st diet, became 'better when mussel was added to the

diet. Combinations like thjf are likely to form a nutritionally

more complete diet by providing the necessary nutritive

-4

-elements which the less effectivefdiet lacks. équidicomes

-

: after the combinations with mussel, followed . by its comblna-

tions with fish. Within the grpup, squid appears more
effective than caplin. Fish is less effective, and TetraMin
ang its combinations with fish are tﬁelpoorestAdiets;

Mussel is considered as one of the best diets for
preﬁn‘apd shrimps Wilcox (1972) reports that Crangon septem;
spiﬁosa, although feeding at night,'will be stimulated and

eat fresh mussel during the day. Reeve (1969), Forster (1970),

mussel to be the best food for Palaemon serratus, and Wickins

-

(1972b), foﬁnd it the most satisfactory food for juveniles and
e

adults of the spot prawn Pandalus pZatyceros and the glant

'freshwater prawn Macrobrachzum rosenbergtz. Flnally, in,.,

1

Japan the Kuruma-shrimp is occasionally fed with(mussel which
is éqhsidered as excellent feed (Shigueno 1975). From the

results of the present experiments it is obvious that no

ok,

1
;
)
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other food or combination

mussel.
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of the ones used is better than

Feeding experiments with Crangon septemspinosa

were also conducted by Wilcox (1972) and Wilcox and Jeffries

(1974) . Foods used were classified into four categories:
o

&

Categdry I - Fresh or frozen animal tissues generally of

marihe.origin (Mer&enaria, Artemia, and hard-boiled egq).

-Category II - Dried animal tiésues of marine origin (Crangon,

fish meal, Mereenarza, Copepods and‘Artemza)

Drled anlmal and mlcroblal tissues (beef liver,

marine yeast,

agar, TetraMin, Bakers yeast, Spartmna detrltus, bacteria).

were' found to produce equal growth rates.: The shrimp grew

best when eating fresh animal tissues, generally of marine

|

origin, which a&e the preferred foods in nature,

extent they grew on othei
i ) .

organic material.

Discussing their results, they suggested that

olfactory quality could account for the different\rateé of

. . 3 ) M »
growth‘between the various categorles, because drylng removed enough

of the chemlcal stlmull and reduced the olfactory quallty.

‘Category.IV - Starved. Within' each category most treatments

Comparing the growths in the Categorles, they say that the

R

foods‘of non-marine origin could be.lacklng the olfactory

chemicals that evoke_feeding';esponses or could be, low in

essential amino acids, lipids or other nutrients reguired by

the shrlmp. In cOntrast,

A
the shrimp, growth was equal with shrlmp fed foods of marine

. 1
when hard-boiled egg was. fed to

-

orlgln, " The chemical stimulus for feeding appeared to be

7

)

PR Y

Category.III -

A

but to 1eéser¢

-

.
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general, because non-marine foods evoked the ré%ponse, but
foods preserved by drying were not ingested. Heat.or freeiing,
they suggest, modify or remove water soiuble compounds that ’ ‘ L
are responsible for initiatiﬁg‘the’feeding response., ;The - .
unsuitapility of dried‘foods, then, de)not‘necessarilyfih the

) ndtritional qdality of the food}.but in tﬁelability of'the . 2

" shrimp to locate it‘" The same authors (1974, 1976) totally o Wl

e

attrlbuted the dlfference in growthJ§Erformance between the <*\':}

fresh and drled dlets to the olfactory quallty. ,‘ ' '_f- cea

: WllCOX and Jeffrles conducted thEII experlments R
puttlng 3 sand shrlmp of each size class 1n contalners.f_ ;}
20x20340‘cm.. It is dlfflc lt to explaln how 3 active Crangon ..W S

" were not able to’ locatefzgg klnd;of food in these pontalners, ' o éai
wheh=the same authors coholhde_that "if hungry it will ingest . '
N ' B

a variety of substances until satisfied,"'and especially

when tﬁby observed that the sand shrlmp even lngest, the \

substratum. Their explanatlon may be true; olfactory dlfferences

» ® '
. v f

as stimuli may ex1st. However, in cases where the food can :
be easily found, the. unsultablllty of the foods should be . ' f§vﬁ

sehrched not in the st1Wu11 to flnd it and 1ngest lt but in

e

the nutrltlonal'value of the food, i.e. the protelns, amlno
\ - "'_.

ac1ds, llplds»etc. It is known that heating and- drylng of o ‘ ag

the food oxidizes some-amlno aclds-(tryptophan ‘and cysteln),t. . ;il
The unsuitability of drled foods then is probably in. the
nutrltxonal quallty of the food.

S ]

Because foods were often non 1ngested, does not

4
-

-
»

- mean that they are hot sultable. Shlgueno (1975) descrlbes'

n ot : - +
R 'v .
. .- . . N .
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studies at the Kagoghima Perfécture Fisheries Research
é::tipn and notes: "The makimum consumption of food with" high

‘ content of pélatable items did not necessarily produce ’
faster growth... As to the quantity of food, it was observed
that foed lacking in nutritive elementé)was eaten more, while
food containing the same nutrients in proper amounts, though
eaten less, brought fast growth." There is no doubt that
the olfactory quality of a diet evokes feeding responses, so

it will be eaten more. These diets happen to be thé ones ‘

[

giving better growth; but this does not mean, that these diets

v

are always. the most' effective ones.

Although Wilcox and Jeffries speak about ‘the lack"

of chemicals to evoke feeding responses in’ the dried foods

. and in the foods of non marine origin, they classify hard-

- ' boiled eqgg in the category of foods of marine origin. It is
§ " not gasily.unde;sfood;‘then, how the_eég evoked chemical
= stimuli fimilar to those foods. :
t would have been expected that combined diets

f } give Better résplts thaﬁ the single food diets. 'Hoﬁever, the
; , ) 1 results of the present experiments have iﬁdiéated that mussel z
t . &‘?as a single'digt gives better resul?s than ail theiqther

' tdié;s fed sing;y or in combination. From the rankiﬁg of the -
g . “ diets it has been shown that the ogherlsingle’diéts give
;' better growth than some combined ones. The findings on this
i |‘poi.nt vary: - >
? A Forster (1970) fed newly-metamorphosed juveniie

. prawn Palaemon serratus with the following foods: Female
'Ns . T~ . .

k»!_»&:(';} .
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crab gonad and digestive gland, shrimp, lugworm, mussel gonad
and combinations of two of the above, i.e. crab + lugworm,
crab + mussel, shrimp + ?ussel, lugworm + mussel, etc.

His resﬁlts showed that there was no significantly improved
survival or growth on any of the single food diets or any of

the combined diets. ﬁoygver, there was a highly significant

. increase in growth on combined food diets when compared with

single food. Also, there was no improved survival between
juvéniles fed on single and combined foods. Forster attri--
buted the improved growth on combined food diets to the ju-~

veniles eating more when fed with two foods, or to the two -

foods forming a nutritionally more complete diet, gibinq more

-
- !

When,Forster fed later juveniles from about 2 weeks

after metamorpﬁosis with single and combined foods, no

diffe;ence in érowth was observed. . e
' In Japan two lots of Panaeus Jjaponicus were reared
under two diffgrent feedings (Shigﬁeno, 1975); oné lot was @
fed only clam meat, and the other, both clam and squid which

was frozen when fresh. The resuits of the experiment showed

that the.per cent gain was about 70% higher in the lot fed

mixed diet than in the other fed a single diet. The better

. o

growth ,of shrimp given the mixed diet was attributed to the

, . a . ’
compensating nutritive elements possessed by squid meat but

absent in clam.

- °

o

e In Both cases the better growth is attributed to

B

. the compensating nutritive elements possessed by the one

.
-

.,'i-‘»,-f;!' Sin, .
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food but‘absent from the other. The explanation of why com-
bined diets in the experiments reported here did not give
better results than mussel, may lie in the fact that mussel
itself is such a complete diet that squid, caplin and
TetraMin do nt possess the compensating nutritive elements
to form a better diet than the mussel alone. This might ﬁave
happened in the above mentioned studies: crab, lugworm and
shrimp may have possessed elements to complete mussel; squid
'may have supplementéd the short-necked clam; but this may not
happen with”the diets in the present experiments.
Forster and Beard (1973) undertook growth experiments
'with‘ﬁhe prawn Palaemon serratus fed with fresh and compounded
foodsé they~showeglthat growth was influenced by a dietary
protein levél up to about 30 per ceht protein, but above this
- level growéh was influenced to a.lesser extent. They suggested
that optimﬁ; proteiﬂ levels in the diets gor that prawn were

Llikely to lie between 30 and 40 per cent. These results,

. ¢
they said, were in gen?ral agreemen% with optimum protein
levels found for some 'fish. It is &nown that the favourable
content of crude protein in the fish feed ranges roughly from: ”

40~-60% depending on the species of the fish.
Deshimaru and Shigeno (1972), dealing with artificial
diets for the pfawn-Penaeus Japonicus, showed a clqse relation
. between fhe protein content in.the die;'a;d its feed-efficiency.
They proved that a higher proteih level is regquired for

prawn than for fishes. As a standard scale to evaluate the

nutritional value of feed protein, Phillips and Brockway (1956)
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suggested that the feed having an essential amino acid com-
position simii;r to that of the objective animal wduld be
the best. Deshimaru and Shigeno (1972) report that Oéino
(1963) supports this suggestion. Further, Deshimaru and
Shigeno made amino aci& analyses on feeds which were graded
in classes of feed efficiencies (below 60%, 60-~80%, 80-90%,
over 90%); they used dieﬁs which included fish and squid
meal, short-necked clam and P. Japonicus. Their results
indicated that the feeds with efficiencies below 60% con-
tained more compounds fa;ling on the acidic side, such as
aspaftié aéid, threonine, serine) glutamic gcid, proline,
glycine, etc., whereas the feeds with efficiencies over 60%

-~

showed higher contents of basic amino acids like lysine and

histidine. Highly significant was the finding of the analyses

- )

1,that animo acid composition of the feeds with higher effi-

cienc§ were approximately the same as those found in the
shrimp. Furthermore, the ;ompositioh of short-necked clam,
and that of squid meal} were found to be very close to that
of the shrimp. Fish meal was féund-to be quite differeﬁt
from shrimp, being short in theAcontent of basiclamino
acids like phenylalanine, lysine, histidine and‘arginine.

These four. amino acids were also confirmed to be essential

to the prawn Palaemon eerratﬁa by Cowey and Forster (1971), '

together with six more amino acids - threonine, vi}iqe, meth-
onine, isoleucine, leucine,iahd trytophan,” Shigueno (1975)
believed that the same amino acids ‘are essential for Penaeus

Japonicus, and Harrison (1976) concluded that the esgqntial

- amino acid requirements anywhere in the animal kingdom -

probably have little deviation from a basic pattern.

*
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The results of the amino acid analyses in this
study show that the amino acid composition of the mussel is
closest to that of the shrimp; the composition of the squid
agld caplin have less similarities with the composition of the
shrimp, and the amino acid composition of TetraMin is very
different than that of the shrimp.

These results fully agree with Deshimaru and
Shigeno's discovery that the amino acid distribution ratiés
of the best diets have close similarity to that of the shrimp.
It is now easily explained why mugsel, combined withhsquid,
caplin and TetraMin, foods\with lower efficiency, gives
diets with high éfficiency. M+T, for example, is a highly
effective diét, because the amino acids in mussel compensate
the amino acids absent from TetraMin. On-the other hand,
C+T is nof. n effective diét; because capiin cannot compen-

sate the amino acids absent from TetraMin. .On the contrary,

©

the acidic amino acids of the two foods, added together, pro-
duce a food with very high content in these amino acids,
whicp result in a very inefficient diet.

The order of classification of the diets in this
study apd the otder of the Japanese authors are similar.
Wilcox (1972) and Wilcox and Jeffries (1974) classification
of diets rather agrees with the‘cl&Ssification according to
the amino acid composition of t?g diet, élthough it has
been proved.that all animal tissues of mdrine origin cannot K
be included cdllectively in one category. iﬁ-they had

/
i . .
emphasized nutrition instead of olfaction, they might have

L}
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found the answer there.

2. Moulting and Moulting frequency

It is shown in the results that the shortest intef-
moult period appears in the Mussel group, which gives the
best growth rate. The intermoult period for the Squid and
Fish group is longer and overlaps with that of the
TetraMin group; these two groups give smaller growth rates
than the Mussel group. Finally, the intermodlt pefiod for.
khe Starved group is'extremely long and hypothetical, and the
growth rate is the worst of all the groups.

Meixner (1966), Stu7ying the effect of food supply
on moulting, growth and spawqﬁng of Crangon erangon, emphasizes:
the influence of fooa on the intermoult périods. If the ‘
amount of food was insﬂffiqieht to cover the ﬁet;ﬁolic neegds,
a iargg increase in the moulting intervals took pface.

Meixner (1966, 1969) found that temperature of' sea water and
body size play an important’roie ?n the moulting rhythm.
The influence of sex is evident too.

Excluding temperature which was constgnt, the
findings of Meixner agree with the fesults of é%is experiment.
It can be conpluded.that not’' only the amount of food, but the
quality of food as well, influence the mouiting intervals,
as was found in this study. Differences between groﬁps exist
and may be attributed to the effectiveness of the'diets, this
being another indica;iqn of the correctness of the classifi-

cation stated.

The influence of food quality was noticed by
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Plankemann (1935, according’ to Forster, 1970), who suggested
that mussel diet, which is rich in glycogen, may influence
the moulting frequendy of Leander squilla (Palaemon elegans)

and Crangon crangon. Experiments with the crustaceans

Asta@us astacus, Homarus gammarus, Panulirus japontcus,

- Cancer pagurus, Callinectes sapidus and Penaeus japonicus

(according to Kazanawa et. al., 1971 ana Forster and Beard,
1973) have shown that these species are incapable of .
synthesizing cholesterol and that .this or ethers sterols are
therefore required in the diet. Kazanawa et. al. (l97l)Aalso
suggested that the prawn, similarvto insects, require
dietary sterol fot normal growth, be;euse they are not
capable of biosyntheeizihg cholesterol from acetate. They

assumed that cholesterol may be a precusor of a vitamin D,

steroid hormone, moulting hormone and brain hormone. They

‘demonstrated the bioconversion of cholesterol to moulting

hormone; and observed Ah increase of number of moults in
prawn fed a diet supplemented with cholesterollf-It is
possible then, that dlets lacking these substances may affect
the meulting frequency and gﬁpwth in genera%. -
All moulting of Crangon vu}gdris, according to -
Hagerman (1973) occurred at niéht. Lloyd and Yohge,(l947)
agree, saying that this-happens because pf the habits of the

anlmays, whlch normally leave the protectlon of the substrate

‘only in darkpess. This generalry agrees with what was

observed in the laboratory, where the cast eﬂoSkeletons were

found in the morning.

SR A G

, .
L nteas i : v



) 136

Hagerman (1973, 1976) points out that the moult is
the most sensitive period 'of the life of a crustacean;
mortality is often very high at this time._ Excluding pre-
dation, mechanical difficulties arise in witﬂdrawing from the
0ld cuticle and physiological problems arise from difficulties
in osmotic and ionic regulation. "If any£hing goes wrong, for
instance if th,e moult is prolonged due to difficulties in
casting the old cuticle or if the hardening‘. of the new cuticle
takes too long, Crangon vngaiis will rapidly die due. to
osmotic loss of important ions."

3. Growth rate

The overall classification of growth rates indicates
a strong influence of the quality of fqod. This js in
agreement with Meixner (1963) 'who states that growth rates
are influer;ced by food, temperatufe and size.

Wilcox and J°e-ffries (1973) concluded that the growth
rate of Crangon septemspinosa is a positive function of |
water temperature and a negative function of size., This is
apparent in the present results. All size classes show the
influence of food quality apart from the above .factors.

Female Crar‘zgar'z' erangon have @ greater growth rate
(Meixner 1968, i969), This appears to be true for C. septem-
gpinosa, except the IV" size class of the‘Tetr,aMin and Starved
groups. These regulté suggest that female sand shrimp do not
grow larger than the males in difficult "and stressed

conditions. |

Wilcox (1972) .indicated that the growth rate in
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the laboratory were more than double than those of a field
-study at a comparable water temperature. The same conclusion
can be reached from comparing the results of this study with
the growth of the sand shrimp in Rhode Iéland (Wilcox and
Jeffries 1973). Therefore it appears that the holdiqg of
the shrimp in the laboratory witho an open seawater system is
optimal and that factors such as water gquality or food should
be limiting. The variations in the growth rate are mainly ‘
attributed not to environmental parameters but to the
controlled variable.
4. Survival .

- w»

Survival of the shrlmp is also related to the !
~diets. .The Mussel group, which showed the best. growth, also
has therbest sqrvival(of the animals. ' The Starved group gave
the worst growth and survival. The~Squ!d‘and Fish group
and the TetraMin gfoup, giving &ntermediate growth, also.

" have intermediate survival.

[}
The deaths just before moulting may also give

a, similar conclusion. These deaths were also observed’

B

by Reeve (1969) and Forster (1970) when culturing the

prawn Palaemon serratus. Reeve was able to pull off the *
rostrum and find the soft new roshrum beneath; he euggested 5
that these deaths may have been caused because of dietary
deficiencies. Although evidence was weak he attributed a

major cause. of mortality in stock prawns to‘the inadequacy :

of the diet. This fact, if combined (i) with the observation

of apparently healthy animals which died before moulting

JT R , remi e e e CoA e e s me g s o e e e et .
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- W (ii) that this number of these deaths’increased with the
time of captivity, and (iii) with the results which show
increasing numbers of deaths in less effective diets,

&

indicates that Reewve's suggestion may be true. The super~

iority of {mussel, for example and the inferiority of caplin °
and TetraMiln in the survival do not have any other obvious
cau the adequancy of the diets. Since the experiment
was made under optimum conditions of temperature and salinity
YHaefner, i969a), this sugéests that the only other variable
remaining was the food.

Survival of e starved shrimp was high. A fe@ale
shrimp survived for alout 13 weeks in.starvation, while the
buik of the deaths appeared around the 7th week. The

‘N

. o tolerance of the sand shrimp is.very high. Forster (1953)

reports that it is not at all easy to starve small carideans,

RIS

" because of théir coprophagus habits. Frankenberg and Smith
(1967) fed fecal pellets 20 mariné"species, including 7
crustaceans._ They concluded th;t copréphagy plays a
significant role in the trophic relationships of benthic
communities. Since omnivory appeafs to be the predominant

y - feeding habit among benthic organisms, they might obtain

sufficient eneégy to meet a substantial portion of their-

metabolic needs. Further, it was mentioned that (. septem-
gpinosa consume the substratum and brqwse on microorganisms

which grow on it (Wilcox and Jeffries,1974). Thé fact ﬁhét l

the starved ;nimals were able to survive for so long, may

/suggest that they exhausted all their metabolic reserves,

i
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.and all the ways. to obtain energy. The greater survival of

the female shrimp over the m‘a;e,

greater metabolic resegrves.

may inaﬁate that they have
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vi. SUMMARY AND CONCLUSIONS

The Cr&ngon septemspi#6§?~§ggulation in Long Pond
has egg-carrying females from April to August. Juveniles |
appear throughout the year. The juvenile stages in August
increase in size during the summer and fall and have no
apparent increase during the winter. These shrimp mature by
May and continue increasing in size by next summer and fall.

Most of them disappear from the population and the remaining,

already larger, shrimp migrate offshore with the cooling of

tﬁe water, and then, inshore with the increase of temperature.

This pattern of migration is also supported by the
appearance of egg-carrying females in the populatiqnxand ‘
fhe egg stages cafried'by them.. It is sugg%sted that these
pnimals"migrqte offshore in Sebtember and inshore in April.

The fact that juveniiesghave”thgir.main peak in-

August and that they were collected in ‘almost all the
. i . . . .

collections, indicates -a single but extended breeding season.
1 P

i

The appearance of the juveniles in the population inshore

in April, is then due to recruitment from this extended
s LA * T
breeding season.

*

' Female shrimp live for about three years and grow °

Iarger than the males, which live more than two years,

, . Crangon septemspinosa develop théir external = .
sexual characteristics ‘in Newfoundland at.shorter lengths.
than their- southern counterparts.

When, burrowing, the sand shrimp excavates a hole

using the pleopods and then forces itself in it; .
} _ .
v
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sinking horizontally in the substrate. Then it moves and

flattens tBe substrate over its back with the antennae

¢ " which, at the end of the action, rest backwards along the

—

/

?nlmal 's body .

f All of the burrow observatlon.s pade ‘in this and -
- ’
other studies show that the shrimp pen’étrate the bottom ={e]

<2

N . Y
T T

[y

that’ thelr dorsal surfaces _are just below the surfdce of the .- o

substrate. The depth of burro{vi-ng is 'related to the animal's
.préference as regards to the hardness of the substrate- the

sand shrlmp, speca.allza.ng in soft subst'ra.tes, do not- burrew .

T -

.- deep in it, contrary to spec:Les burrow,lng in' hard substrates

. L . N ( g : N .
v which tend to bury themselves more deeply T . S .
’ . » ’ * . ! - ..!

Crangon septemspznosa prefer sand (0 250 -0. 500m.m) Co

S
4 E}

to burrow in/ The sand shrlmp may be able to choose among ' S Z“
clay, silt and all k;mds of sand,'but it does not choose to "

burrow in granules.or pebble. The reason is probably . - .‘.' , i

@

. because it cannot burrov{ in these particle Srze_s, erther
because of mechanical‘ reasons -.use of the antenrrae to clover !
ﬂiﬂself - or Pecause of physiological reasons - modificatlon
of the mouthparts to ingest the sand and utlllze it for food' . L
trlturatlon and for nutritional beheflts. . :’

’ The sand shrimp chose to burrow in browh substrates %
as their first preference, followed by gold-sandy, grey green,'

- beige sa‘ndy and wh:.te—grey colours. -,‘The colour lof the preferred

- r

' substrate may lnfluehpe, the distribution in a certain bottom

type. Since hone of the coqurs used, in this study ‘was foily' S .,

rejected, tlis influence :is probably small. o 7"/ : e . y "';i;
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‘*diets supports tfe findings .of Phillips and Brockway (1956)
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A

. The laboratory experiments have shown that under

controlled temperature conditions the growth of Crangon

eeptemspinosa fed single and combined foods of marine origin

is net the same in all the diets. Differences in the increase

og\the weight, the lengths andffgermoulting frequencies.of o

fhe animals, as‘well as their. survival, permit the classifi-

cation of the diets iqto four groups: a” Mussel group; B° Squid

and Fish group ¥' TetraMin group; §' Starved group. Within each

grouﬁ'the calculated growth show no«significapt differences.
The reason for4these é;fferegggé-may lie in the

amount of crude protein content'oﬁ-the diets and especially

the proportiéns’of the amino acids. The efficiency of the
and Ogino (1963) that. the food’haviné an essential amino acid
composxtlon similar_ to that of the efféctlve animal is the
best. The amino acid anal§$e‘ of the feeds made show that

£
effective diets, such as, the diets of the Mussel group, have

similar amino acid proportions to that of the shrimp;eaon,

effective diets, such as the ones in . the TetraMin group,
differ from the Bhrimp in the. amino, acid distribution.
In this‘respect, foods that.are.preserved by drying ’

are less satisféctory because\heét or dry-freeze modify their

nutritive value. If any food substance does not meet the

criteria of the amino acid distribution, even if it evokes

: feeding responses, will not-result in a better growth. Poor

b

L.

growth observed in several diets probably are due to ?

Y

nutrltlonal deficiencies of the dlets.

.

, »
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A definite relationship was also found between
growth in the diet groups and the moulting frequency, as Jrell
as the growth rate: The diets in the Mussel group gave the
best increments in the length and the weight; the intermoult
period in this group is the shortest of all the groups,
while the growth rate of the group is the biggest. The
Squid' and Fish groﬁp,'tycluding less efficient diets have
longer intermoult periods; these overlap with the diets of
the TetraMin group which includes eveh }ess'efficienﬁ diets.

The growth rates in these two groups are smaller than the

¥

- first one. The intermoult period of the Starved group is

the greatest of all, and its growth rate, the worst. -

Survival was also correlated with the groups of

diets in the order stated. Better diets give ﬁigher survival.’

The deaths just before the expected moulting in inadequate

diets is a further evidence on this point.
Survival, moul}ing frequency, increase in length
N [ Y
and weight and overall growth rate agree in the ranking of

. Q?e diets[ with mussel giving the best results.

The superiority of mussel mantle %pd mussel-combined

qiets suggest bhat thgy meet all the.requirement which
stimulate growth in the sand:éﬁrimp. A majoF-disadvantage of
mussel as a standart food is that the condition and probably
therefofre the food value of'itsvmantle vprgzs seaSOnallf in
relation,té thg breeding cycle. However, growth with mussel
itself'ﬁas superiér to all the combined diets for a périod

of 224 days in this study. This indicates its suitability as a

diet for Crangon septemspinosa. . .

9
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APPENDIX 1 ' SR
CONTROL: TEST OF DISTRIBUTION
a) Shrlmp put in such a way to make sure that two shrimp were
burrowed in each division at the beglnnlng of the experlmEnt.
Coarse sand in all divisions. . )
' N T e
o . DIVIEIONS L
bate Temp. "C 3 v 2 3 ‘4 5 & 7*8 95 .10
April 19 3.0 2 2 3 .-2°"72 1 20 4 3 1
April 20 2.5 '3 2 33 - - .3 3 2 ,1°
April 21 2.5 4 3 3 1 1 1 3 2 3 1
April 22 2.5 TV - 173 1 2 2.1 3.0 4 3
" April 23 3.0,/ 2 271 4 2 2 2 ,2 2 1
TOTAL 11 10 13 9 .7 6 11 12 14 7
b) Shrimp released in the mq,ddle of the tank at the beg:.nnihg
of the experiment. <Coarse sand in all:the d:LVJ.sions.
- : : e — - .
‘ ', DIVISIONS .o 2 o
‘Date Temp. °C 1 2 3 4 5 6 .7 8 9 10 °° ! s
‘April 22 2.0 -2 1 2 - 2 2 1. .5 P
April 25 2.0 3.2 1.2 1 - 3. 3 3 S
. April 26 2.0 6 1 3 1 2 -1 -, 2 .4C° s
april 27 2.0 1 1-74¢3 2 3 1. 1 1 :3 S
abriizs . 2.0 2 3711 2 3 2 2 - ‘a4 .1 e
April’29 __ 2.5 3 01 4 .3 23 1 ;1 2. = ®
April 30 - 2.5 5 -1 2 1 -1 2 s-41 "2
. : . . ;)h o !
TOTAL 20 11 16 14 10 Il° 12 14 14 1B,
: | Y
-ﬁ‘ x‘;
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) : . " Experiment 1: Particle size choiceé - 1lst replication: Results -
: DIVISIONS - "
8 . - 1 2 .13 4- .5 6 7 i 9 | 10
. Pl - T R . .
B - - Date !|Temp. | 1-2mm 0.250- |. 4mm | 0.020 0.5-1mm | 0.063- }3-4mm (0.100- 2-3mm |0.002~
:ﬁa - ’ 0.500mm ) 0.063mm 0.100mm . [0.250mm | . 0.020mn

3 b s

Sand .. JPebble | .Silt Very |Coarse |Fine Find . |Clay

)
Yy

- - Sand CE -

N
Ba g laWol
b %

e b

DRy

T o
3

. "May 16
.o May 17

P

o
N .

56T

. May 18

]
w

. - May 19

‘May 20

May 21 -

May 22
" May 23

[Py rH

0wy A

&

[ ]
V)] ¥

May 24

& e e o o o i o | |s,
||—-‘l_—‘ﬂwl—aﬁmu o I

~ o N e N s e o (e
f

W W jw

I

p&humhmbhm,

X3 (BN TS (70 PO (R S

S
N Lo fo o {0 4» ho&é\%:p?;a\ : 2£g>(ﬂ‘
e
;

J
J§~L ,
o Lo ol LSO (R R S LR - VR

cren RIS AN b

.. May,25 . ~ - -1
- - TOTAL | - 1. | 60 - 29 . = -'40 - 14
_ Number 6f'shfimp: 2b,”i.e210nmles and 10 females ‘ ‘ STOMACH ' FULLNESS
° .- carapace length: 7 mm ‘\\\‘f - A ) © 0 - Empty 10
T A PP TN 1 - Small amount 9
4 Total length:- . go 43 mm R ‘ _ 2°- Half full 1
e Tank covered to avoid possible orientation - 3 - Fnll . . -
T e - ) - _ 4 - Distended . -
- . . : ’ 1) '

’
. @
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. Experiment 1: Particule size choice - 2nd replication: Results -
DIVISIONS \ ~
. 1 2 3 4 5 6 7 8 9 10
‘Qate [remp>C | 1-2mm [0.250- | 4mm |0.020 [0.5-1mm|0.063~ |3-4mm [0.100- | 2-3mm |0.002-
- 1 0.500mm 0.063mm | 0.100mm 0.250mmn 0.020
Very Sand  |Pebble | Silt | Coarse | Very Coarse | Fine Fine | Clay -
. Coarse R Sard Fine Granule | Sand . Gramule
June 15| 8.0 -~ 1" 7 - 1 2 2 - 4 - 3
June 16| 7:0 1 5. - 1 .3 5 - | ‘s - 1
June 17{ 7.0 1 6 - 1 4 4 - 3 - 1
June 18| 7.0 - 6 - 3 6. . 3 - 2 - -
June 19] 4.0 2 4 ~ 2 - 3 2 - 5 - 2
June 20] 3.0 1 5 - 3 3 3 - 4 - 1
June 21| 9.0 1 -8 - 1 2 3 - 3 - 2
June 22| 9.0 2 5 - 1 2, 3 - '5 - 2
-June_23] 7.5 2 6 - 2 1 4 - 4 - 1
June 24] 8.0 - 1 7 - 2 3 3 - 4 |. - -
TOTAL |~ 12 |. .59 - 17 29 32 - 3B A - 13

Nu;bai'éf éﬁrimp: 20 ie. 10 males and 10 females A

.Carapace length : 7 ym.

Total length:
Tank covered -

40-43 mm, -

$
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bR ekl i M X e

STOMACH FULLNESS

e L, 4,

WO

Empty

Small amount
Half full

Full.

Distended
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Experiment 1l: Particle size.choice - 3rd replication: Results

DIVISIONS. : : .
A 0 1 2 3 4 5 6 1 8 9 10
"Date-’ |Pemp:®C| 1-2mm [0.250- | 4mm {0.020 [0.5-lmm| 0.063-  |3-4mm |0.100- | 2-3mm |0.002-
- - 0.500mm 0.063mm| . 0.100mm | ' 0.250Gm | 0.020mm
o Very Sand  |Petble | silt’ | ocarse | Very |coarse -| Fine Fine | Qlay.
: Coarse oy - .| sand Fine Granule | Sand Granule
-« _ . Sand Sand . :
. June 28f 15.0 | 1 . 4 - 2 75 3 - 4 = 1
June 29| 10.0 2 6 - 1 4 v 3 - 3 - 1
"June 30|°13.0 | 1 4 - 1 3 5 - 5 - 1
July 1] 10.5 1 7 - - 2 4 2 - 4 - -
July 2] 12.0 2 6 - # 2 2 3 =" 4 - 1
July 3| 14.0 | . - 6 - 1 2 3 - 4 - 4
July 4| 14.5 1 5 - 3 3. 4 - 3 - 1
_.Juxy 5] 12.0 - 5 - 1 4 -3 - 5 . - 2
"July 6].16.5 1 5 - /] 2 4 .3 - 4 - 1
July 7| 42.0 1 5 - 2 2 4 - 4 - 2
TOTAL . 10 53 - 17 33 | 33 - 40 - 14
) Number of shrimp: 20 ~ ie. 10 males- .and 10 females ’ STOMACH FULLNESS .
Carapacet‘ length: 7 mm - ' : . , 0 - Empty 10
Total length: X 405%3 M ; o ] % : ggiélfiTgunt g
Tank covered - ) ) 3 - Full 2
- < ) w4 - Distended -
_‘ v . Y . -
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APPENDIX 5 -

.“.

.+ ‘Experiment 2. — Colour éhoice,h'1st'replication: Results

-
14

Tank\not covered

A
Sand (250 500 p) 1n all d1v131on;~\\

There is no sand in the" lelSlonS 2,4,6,8,and 10
Shrimp starved.

STOMACH- FULLNESS

-0 ‘- Empty

J - Small amount
2 - Half, full

3 = Full, (not

4 - Distended

istended)

© 14

\

o

-

.DIViSIONS )
- 1 3 5 7 "9 but
Date ' Temp.?C White- | Pink~- |Beige- ‘érown.nteyé'
. Grey; Sandy'Sandy ) : Green
Oct. 20 | 10.0 2 . s | 2 4 | 4 3
Oct. 21 11.0 2 . 4 5 - 5 | 2 2
Oct. 22 10.0 1 6 3 |*.5 3 2
Oct. 23 | 11.0 2 4 3 5 5 -
Oct. 24 10.0 1 5 4 4 3 3
Oct. 25 10.0 C 2 3 4 5 | 5 1
oct. 26 9.0 3 3 2 5 -4 3"
loct. 27 9.2 2 5 3 5 5 - =
Oct. 28 8.0 4 1 4 4 6 L5 -
oct. 29 8.7 - 5 4 3 7 =
TOTAL - 16 44 35 48 | 43 T4
Number of shrlmp. 20, i.e. 10 d' and 10 g
Carapace length 7-8 mm
?otal length: 40-4; mm
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{ . APPENDIX 6
' Experiment 2 - Colour choice ~ 2nd. xreplication: Results
: v , ¥
' DIVISIONS
. o 1 .3 5 7 9 out
Date Temp.dc White- |Pink-|Beige- | Brown |Grey-
Grey Sandy |Sandy Green
Oct. 30 | 10.0 2 |">s 2 [ 4 6 1
Oct. 31 L, 9.0 1| 6 4 5 3 1
Nov, 1 9.0 - 9 .3 3 4 1
Nov. 2 8.5 1 5 2 7 3 2
Nov. 3 9.0 2 3 3 4 5 3
. Nov. 4 8.5 2 3 .3 6 5 1
Nov. 5 9.0 3 4 4 5 3 1
Nov. 6 8.5 4 3 3 6 3 1
Nov. 7 9.0 3 4 3 7 2 1|
Nov. 8 7.8 2 2 3 4 2 7
TOTAL 20 44 30 51 36 19
' ) . .
Number of shrimp: 20, i.e. 10 d’and 10 9 '
- Carapace Yength: 7-8 mm
-gotai length: 40-45 mm
'~ Tank not covered.,
e éhnd-(ZSO—ﬁOO p) in all divisions
* . No sand in the divisions 2,3,6,8 and 10 Y
New position of the tank N\ . : b
‘STOMACH FULLNESS .
0. - Empty ° ' 12 _
1 - Small amount - 6 ' _ o
- Sy 2 - Half full - ‘ -
. T o 3-—rFu11’(hot distended) - ‘ B ‘
4 - Distended - .- N -
e : N ’
‘ .- . : . ' - ' .
+ \ ’ -
’, -~
’) 3 '
LY l ' 'l'. . :
T T TR T T T
JEREESR ARG A B el




) DIVISTONS
' 1 3 '5 7 9 Qut’

Date Temp. °c |white- | Pink- Beige- | Brown Grey-

. © | Grey Sandy|Sandy Green
Nov. 9 6. 1 3 2 9 3 2
Nov. 10 7. 20 5 4 6 3 =
Nov. 11 7. 2 5 3 4 3 3
Nov. 12 7. -2 2 4 4 4 4
INov. 13 8. » |4 s 6 4 4 2
Nov. 14 6. 2 7 4 2 5 -
Nov. 15 6. 2 3 3 6 4 2
Nov. 16 5. 2 '3 ‘T3 5 -4 3
 |Nov. 17 4, 1 6 3 4 3 3
ov. 18" 4. 2 5 4 3 5 3 .2
OTAL 17 42 35 49 36 21
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APPENDIX 7

. Experiment 2 —~ Colour Choice - 3rd replication: .Results

3

20, i.e. 10 d'and 10 Q
7-8 mm
40-45mm

Number of shrimp:
Carapace length :
. Total lenéth:
Tank hot covefed.
Sand (250-500'p) in all

o ’

fayn51ons . &
No sand in th* dJ.VJ.s}:Qns +4,6,8 and 10 .

Shrimp starVed
New pos:.tion of the tank

STOMACH FULLNESS

0 - Empty

1 - Small amount

4

3 - Full’

& - Half full

(not dis tended) -

& 4 - Distended ...

Ll veo

1

99999

) .*;;'r*'-"f : )

b )
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APPENDIX 8
Similarities and Differences of the Welght in the.diets

of the first feeding experiment.

DIETS

S+MHC .

S+M

S+M+T

+T

S+M+C+T

S+T

§+C+T

peaxels

D | Mussel

"D

D

D

D { M+C+T

D

D | M+C

D/ \Squid '

/2
D,

D | Caplin

D

D,| Tetramin

D | C+T

3+3)

D

D

D

D

D

5

i Twe 133y,

o %

$+0+5]

urTde

I+

r &
U+L

mww«:wmﬂ

I+H

L+O+W+s]

L+D4+M]

\S

L+

—

L+H+S

WtS

U+z+wf

L

'\

$ = Similar diets

D = Significantly different P(.O;OS

AL TP W
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APPENDIX 9

Similarities and Differences of the Length in the

Ae

diets of éhe first feeding experiment.

(e e MR 1A B O e e 1 = e e

T ge

-

P

1

DIETS’

M+C’

C+T

uoaunum

D_{Mussel

D_IS+M

D _|S+M+C

D_|S+M+T

D ' |M+T

D |M+cer

D _{S+M+C+T

D |{Squid

p |s+c

D {S+T

D [S+C+T

D [Caplin

S iTetramin

L+J

D

D

D

D

D

D

D

~+ »

D

D

D

TR

D

D

D

S

:wﬂmuﬁ

.a+ui

a3

o+d

Eswmﬁ

O+I

L4+ O+

L+I+N]

LA
~N

" LAHR+S]

J+H+S

W+S

~

-

T |

B e et it Tt

S = Similar diets

LR

BN

. .
X
4«
t
- )
'
o - BN
- i
o .
v
Be
3}
[
[
r -
(]
.
-
-l
o -
- =
-
e .
i ‘ !
(4} .
-l -
LR .
-
o
t
-t .
v -
- 7
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Growth rate per week In ma Cog the diats and the groups *
. " ' »
P N T T Y and 1V
I1X1 Size Class IV 8ize Class 2ize Classas
OIETS
MALE FZHALE d+Q for MALE - - FEMALE |+ g tor thv:r“
. n N the classas N " A clasnses »
Hussel 1 1.7872341 & | 1.4540522 10 | 15852453 L6 | 0.9060606 14 | 1.407216¢ 1f | 1.030975¢ 27 | 2.2497737 a3
Hussel 2 2.6621569% 11 1.653%4033 9 1.208%688 20 0.9116347 22 1.3611111 1§ 1.1020573 28 1.4038129 38
semeT 1.85¢89361 14 | 1.6666648 , 3 |1.5697119 17 [0.9079497 1) | 0.9444442 1 | 0.9207228 20 {1.2109088 137
3M 1.0547948 12 | 1.9930333 3 ]1.2230032 15 [0.9914563 11 [ 1.050008 2 | 0.9666168 13 | 1.1009661 31
BeMeC 1 1.0986512 & |1.730000 5 |[1,393083 11 |0.5924764 15 | 2,10000 4 {o0.8919611 20 |1.0710017 48
[~
2| semc 2 1.1170212 11 | 1.6709677 9 |1.1662971 20 [o.sjo1esc 17 |o.711382 11 |o.7535145 M yzu'm 2
- .
S | gamecer 1.103e238 16 0.9390243 5 |1.1235379 21 {0.7074468 10 | 0.995098 3 | 0.8437026 19 [W.9%L6é81 40
- -
g mem 1.0652173 8 16.777777 3 [0.954663S 13 | 1.068065S 11 ['0.5505617 4 |0.93072¢¢ 13 | 0.9418308 20
i neC a,76%4736 11 1.6030%34 1 ‘ 1.0”‘0I7 21 0.,7268421 9 0.6470588 § 0,7047766 14 0,9415357 )8
(] 0.7223333 16 [ 2.1724137 2 ]o0.90943421 18 [0.7692307 14 | 1.1666666 11 [0,9441022 28 | 0.9190853 43
Avarage for the | 1.2610358 113 |1.521302) 35 [1.)504062172 |0.0280104 139 | 1.1177527 80 [0.9338522218 [ 1.1170023 I
Hussell Group .
2quld 1 0.943857 14 | 0.0092485 10 |0.0071867 24 [0.53507614 19 [ 0.9871794 & |0.6266601 21 |0.739694y &7
a | Squid 2 1.30000 12 |o0.%10000 5 {1.1147058 17 ]0.2664389 12 | 0.7807713 11 [0.512422) 23 |0.7683927 40
g !
g | 8 0.7179407 6 |1.1226418 ¢ j0.920293 12 |o.3997341 7 |0.7400046 ¢, [0.522970¢ 11 [0.7302702 23
o - i .
g | soer 0,5875919 18 | 1,000000 2 [n.61e1429 216 lo.26°2307 1 ! 1,0208333 2 | 0.7702991 3 | o.¢3sesi¢ 19
H g
“ | me 0.718585 ‘12 [ 0.4117647 1 |o0.4347973 13 [0.4516179.11 -} 6.7403846 3 | 0.3263457 17 } 0.3019761 32
b Caplln L 0,691388 ¢ [ 0.4316129 1 Jo.603408% 3 [0.3001741 7 | 0.4941177 3 | 0.3639383 10 | 0.4371263 18 |°
3 Caplin 2 03913492 7 | 0.5526213 "2 |o0,5925008 9 ]0.339207 9 | 0.2932369 ¢ | 0.1160189 1S | 0.4ResPIS 20
b4
N
‘r
Average fox th
,q_,uz,,,,,'q";p 0.9065703 69 | 0,0334656 29 | 0.0142593 9¢ | 0,4082313 €7 | 0.6970314 33 | 0.8075730 102 | 0.6378436 200
! vy
Tetramin 0.308134¢6 9 |o0,530203 ¢ §0.5192139 15 |o.420243¢ 3 | 0.2650227 3 |o.3450335 ¢ |o0.4ee5%06 21
] M . 2z
ig cor D.4$58333 12 | 0.4927586 3 [ 0.4332183 13 |0.2013793 4 | 0.3043478 1 | 0.253373 3 [o0.433406 20
™ T -
E :‘v::::tn!::o\t:c. 0.4990211 21 |o.s144848 9 {o.%042161 30 [o0.3207482 7 | 0.27%4348 4 fo.303sa1a 11 | oiazoaon @
- J B
Starved §, KR 0. 201319) 2 | ° 0.221) 2
- » N » 5 B
Eg- Btarved 2 - 0.29166666 2 0.20166686 2 0.122007 4 |0.122607 4 [o.11%098 8
33 '
Avara oy ti ’ ~ . '
"__ 3 fpint "“;UPM 0.286521 *4 0.26652%1 4 7122007 , 4 [0.122807 4 [o0.1%4868 »
calculations as 1n Tahle 14, R = number of cbsexvations
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APPENDIX 11

Days of Survival of Crangon septemspinosa in the diets

of the first and the long-term feeding experiménts

Mussel S+M+C S+M S+M+T = M+T M+C+T  S+M+CH+T  M+C
29 . 69*% 18 - 44%* 77* 71% 45 37%

29 71 53 48 94 73 50 71

86 .71 59 ‘71 97 17 72 72

¢ 86 71 59 80 A . 79 73 72
92 73 .60 86 « A" 80 - Bs 74

94 74 85 95 A 82 86 - S

102 75 86 a A 89 . . 95 .79

107 85 94 A A 90 101 91
(199) 94 102 A A 99 105 A
(221)  (169) 103* A A A A A
-(A) (182) A A A A A A

. (A ~ (A) A A A A A ‘A

Squid S+C S+T Capilin S+C+T Tetramin - C+T Starved

85 15 . 18 35% 26% 30 42 35

91 26*  23% 43 30 - 48 59 36

99 36% 54 48 35% 50* 64 38

99 67 59 50 41* ‘60 © 68 39

100 72 67 60 69* 67*% 72 43

101 75 85 79 71 63 72 44

105 76 85 85 . 72 72 74 44

108 go* 86 89 .74 0 . -72 79% . ° 47
(124) 92 95 * 95 7 75 85 57
(135) 95 a 112 86 ‘89 - 86 - 64

. (142) A A (119) 94 92 : 87% - 79

(196) A A (141) A 99 90 89

* shrimp which died due to moult failure

N A Shrimp alive at the end of ‘the experiment.
_ Brackets indicatg survival of the long-term experiment.
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APPENDIX 12 \
‘Day‘s of survival of Crangon.septerr'ispinasa in the
e diets of the second féuging' experiment
Mussel S+M+C | squid Capill. in Starved’
59 3 | * o2 23% 26
88 ‘ 38 B 24% 23 30
A 39* 31 25 30
A 48* .31 27% 32
A 49 33 30 36
A 49 v 33 31 36
A 58 ’ 3gx . 31 . 43
A 63 . 40 32 44
A 65 63% 35 45
A 68 63 = | . 36 45
‘A 75 64 36 47
A 80 67 43 47
A 8l - .15 . 45 49
A 86+ 80 . 58 55
A 95 ' 80 58 55
A A{ 81 61 57
A A 82 65 57
A < “A 94 80 .59
A A 94 86 59 -
A A 95 8g* 61
A A 107 + 93 64
w . A . A 112 , 97 68
) T~ A A . | s 104 75
A . A A , A 85

4

* Shrimp which died due to moult failure
f A Shrimp ‘alive at the end of the 'gxperiment
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