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Abstract ( P 59 ) ‘

_ ! The sand shrim;;, Crarigon affinis DE HAAN, is a small sized shrimp inhabiting coastal waters

. - l|?surrounding Japan. Though little Jused for human consumption, the sand shrimp seems to suppr)rt
! biological production of many' demersal fishes. Manifestation of the ecological properties of the -

shrimp, therefore, is required understanding prey-predator relationships irr the demersal animal

community. - ' ' S

~ The shnmps sampled by a small trawl net from estuary of the Naton River, located at north-
-‘:fwestern coast of Sendai Bay, during- February 1959 through February 1960
i Investigations of the predatory species are based .on stomach contents of 37 fish specres taken
% from the estuary during 1959 through 1960, and 95 fish species and one hybrid fish from Sendai Bay
| durmg 1961 through 1964. : '
The major results are summanzed as follows :
. -‘l. The shrimp populatxon consists of short-term generation for about ten months and lohg:term
generatlon for about fourteen to nineteen months, ‘

2. The short-term generation is spawned in August and September by the large sized adult members
of the long-term generatxon having occurred early in the year. Members of the short term genera-
tion grows continuously untll they mature in the sprmg Females bearing eggs are found during
late January through f&prrl The adults females are 30 mm, and males 20 mm on the average.

3. Both the long and short-term generatrons in a year produce the long-term -generations of the
next year. . V ' ' '

UNEDITED TRANSLATION -
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i The 9pawnmg season extends ‘between late November and May. The parent stocks comprise
large- sized adults of the long-term generation and small-sized ones of the short-term generation.
The long-term generation consists of three groups ; early, middle, and late born ones. Each group
grows rapidly in spring and early summer. The growth.rate decreases with rise of -temperature.
The shrimps grow only little during July through October when ‘the watcr temperdture rises above

"~ 16°C, but again rapndly in November to January.
- The egg bearing females; 42—53 mm in body length, appear from the end of November to May.
They increase in number in December, February, April. Average body lengths of the ldrgcst
members of each group are as follows ; 49 mm, 42 mm, 38 mm in females, and 33 mm, 30 mm, 27 mm
in males respectively.
4. The shrimp mamly eat small sized benthic. animals, namely amphtpods, isopods, and polychaetes
throughout the year. Sand and mud particles occur in all the stomachs with food.
The feeding activity seems to decrease in summer season.
The predators are eight specles among 37 species from estuary of the Natori River, and 29

o o

species among 95 species and one hybrid from the Sendai Bay.
The most important predatory fishes are Acanthogobius flavimanus in the estuary, and Lepidotrigla
microptera, Liparis tanakai, Eopsetta gr?‘gorjewi in Sendai Bay. :
7. Rearing experiments show that the shrimp is of nocturnal habit. But the trawl net catch does
not differ between day-time and night. '
- 8 The shrimps changes their habitat from season to season.
offshore waters du.mg April through June, stay in the offshore waters during July through

September, immigrate into the inshore waters durmg Octoler thmugh December, and are concen-

They move from the inshore to

trated there during January through March.’ ‘!

1 Introduction (p.ou

The sand shrimp Crangon'afrinistE HAAN is a small-

sized shrimp and is w1dely dlbd;Lbuted in coastal waters of
Japan, especially'in inland seas and bays. ‘”hls species is
iound in the largest number awong .;.111 species of shr:i;mps. in
Tokyo Bay (XuBo, ;3 al., j95?); In.Kasaoka Bay of the lnland
Sea of Seto, not only the number but also the.weighﬁ'of C.
affinis are the'largest.among all‘SHrimpé (YASUDA, 1957)}

'ln Sendai Bay sand shrimp are commonl? seen .in the

'_area of less than a depth of 70 m and are reported to be iound

in. Matsusnimd Bay- and the inet of- Bankoku (bATO 1957; KURATA



nay

1963), both of which are located inshore in Sendai Bay; Sand
shrimp, though their number shéws considerable seasonal
variations, are also f{ound thfoughnut the year in the estuary
of the Natori River that runs inﬂo Sendai Bay.

"Every year in July and August small fisherboats (3-
tons) operate in the area of less than a 4LOo-m depth -in Sendai
Bay, and sand éhrimp are caught togetler with young flatfish, ‘

Rhinoplagusia spp; and other species of shrimps. According

to the statistical data of theAfish catch for a 12~year

period between 1949 and 1960 at Port Tokiage, the annuél“hdul

o
v

of shrimp by small fisherboats varied from 1 to 7 tons.
Al+though the data on the catch of individual species of shrinps
are not ayailable, our surveys of the shrimp which were

caught in the neighboring sea areas have shown .that Q.'giﬁjnis

is in the largest number, followed by Metapenaeopsis dalei..
These two species of shfimps representéd about 80-90% ol the

shrimp species caught. Uther species ot shrimp found were -

Trachypenaeus curvirostris and Alpheuq japonibus, but Penaeus

«]agonlcus was caught in. very Smdll number.

Desplte o its abundance, g, affinis is of low com-
mercial value, since it is swall and %@%red Q%%F% shell and
thus is not con51dered important irom the v1ewp01nt of -
fishery. Nevertheless, thls species way ser#e as é prey of a
number of useful benthlc fish 1nhab1t1ng % fSendai Bay, since -
snnd shrimp have been frequent]y iound in the stomach of these
flSh.. Indeed, C. affinis»can‘be a:species of 1mportance to.

form a - fundamental food chaln among . the benthic animdl
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community. Therefore it was deemed necessary to.study ecol o~
gical characteristics of.this spécies sf shrimp to-analyse
the nature of the chain formed between g{ affinis and behtﬁio
fish; i;g., the prey-predator relatioﬁship.

The present report describes the results of the

ecological-study in which spawning, growth, feeding habit,

species of predators, diurnal activity and seasonal migration

of C. affinls were examined.

The author is gfatefui to Dr. M. MHatanaka, Professor

" of Tohoku University, and to the date Dr. 1, Kubo, Profess’or

of Tokyo Fisheries College, for their guidance and to Dr._J.

Nakai Professor of Toka1 Unlverslty for his crltlcal reading
of the manuscrlpt.

!

IT Materials and Methods

. When a commercial fisherboat operating in Sendai Bay
was.hired td'sample sand sﬁrimp, meshes of the fishing'net'

were too coarse so that only a small number of large-sized

dindividuals weré collected along with large.quantities of

large-sized benthlc anlmals such as starfish and sea urchlns.
Although a large number of samples of various sizes could be
secured from the hauls obtained in small fisherboats, it was

impossible to collect the samples throughOut the year, since

,the ‘operation of these small fisherboats is llmlted to only

~ two manthqot a’ year, July and August. These limltatlons«

(p.61)




‘low tide. Useful

. these areas are an

sea bass Lateorabrax

néceséitateﬁ the selection of a few sampling stations ih a
rather wide test area containing the inlets ot ldo and liro,
both of which are located in the estuary of the Natori River,
and the main ﬁourse or the Natori River (Fig. V).

The inlets of

Ido ahd Hiro were
formed as a tresult

of méandering of the
Natori River, ére
largely 1eés tﬁan

1.5 wm deep and becomne

less than.l m deep-at

fishes inhabiting in

icefish Salanx
microdon, ‘a dace

Leucisus hakonensis,

an eel, a gray mullet

. Mugil japonicus, a . Fig.1 Map of estuary of the Natori River showing the sampling -

station of materials.

japonicus, a black porgy Mylio macroecephalus, Acanthogobius

flavimanus, a flathead Platyceghalus,indicus, a halibut Para-

lichthys olivaceus, a .spotted plaice Verasper variegatus,

Platichthys stellatus and Kareius bicoloratus. However, fresh-

water fish are seldom found. -‘These species'of'fishes are the

object of commercial or recreational fishing. Of the shell

(pot




fish, a Japanese littleneck Tapes japonica, an oyster Osterea

. gigas and (orbicura atrata are couwmonly found. - - Every year

" from fall to.wihter the 0peration 7 commercial laver culture
is conducted iﬁ the inlet of MHiro. Judging from the_distriw
butibnvpattern of these inany forMS< ot life, considerable
quantities of sea water appear to be flown.info these
éstuarial areaé, |
'Sampling of séndAshrimps in the test area was conducted

twice a month for a onééyeér period bétween February 1959 an&
February 1960. A Japanese minnow net with‘ﬁ mii meshes was
frawled at a distance of approximatgly 300 . At each sampl-
"igg ﬂime oné trawlihg waé Qérried out at 7-10 sites in each
'.oneibf the three areas; i.e., the inletﬁ‘ofildp and Hiro and.
the mainAcourse_Qf the hatéri‘ﬁiver. Also on.November 20 and
-21, 1959, sampliﬁg was hoyriy Qonduqted in-.the inlet of Hiro
-to eiahine the differeﬁcé in the catch bg#ween day and night.
All the sand shrimps collected were inmediately fixed in 10%
formalin. |

A ﬁétal of" 53,273 sand‘shrimps were sampled during
'this'péribd. The sex of individual shrimpé Qas determiﬁed by
the sﬁape of the first and éeéond.inner'pleobodé. The.body'
“length (distaﬁce from.ﬁhe reérvrim bflfhe eye-sncket”to the
tip of the telson)_whieh'was determined on:9,720"shrimps{
varied from 5.8 to"53.9 i, ydrtions d: the 9,720 shrimps.
were also used*for thé.measﬁrement of the body weight, exami-
natioh_of the stomach édniénts ahd éounting of thé number of

eggs held by a single female.
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In ofdér to examine the species of the predators of
C. affinis, lafge numbers of fish were caught in the estuary
of the‘Natori River at the same time as saﬁd-shrimb were
sampled and at different times by other means. Also fish
were_coliected in Sendai Béy.by a few chartered commercial
fisﬁerboaté, Patterns of the seasonal distribution and
uigration of sand shrinp were estimated i'rom the feeding habit
of the main predatory fish of C. affihig} Furtheruore, the
‘diurﬂal activity was examined by obéervation'of a few sand

shrimps reared in an aquariun.
‘ T1I - Results
IIl—i Spawning
The spawning season-of C. affinis was'estimatéd by
éxamining the dccurreﬁcehof tﬁose female shrimps which were
bearihg eggs; _Thé nunber of égg—bearing fémales and the occur-
renée-fate of these females (the pumber of egg-bearing females/
‘thé ﬁﬁmber of total females) at eéch sampling time are
described in Table 1. TThe oocﬁrreﬁce rate of egg-bearing
 femaies was 3.9% on:August 3 andA1.h% éachvon September 3 and
T Examinations of individual eggs held by the females
revealéd that'most of the eggs had nof deveioped the eyes éﬁd
hénce Qeré«gonsidered immatdre ones{ “The body length of the
egg~beéring"femaleé on these dates was 3031 inm. Judging
from the growth curve of C. affinis (whiéh wi1l.beadescribedA

3

later),;th¢5e~females appeared to be among .the largest of

members belonging t‘o_L2 group of a long-term geheration; The



Table 1. Changé of the .occﬁrrin.g condition of the females bearing eggs by.date and by body length.

T Body, length|

(mm)
Date -

2930 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53

L V-3

I-13

m-10
1-20
V-15
N-27
V-15
Vo271
V=13
-25
VI-16

B-17
K-3-7
K-25-30 -
X-9
X-26
- N-12
S M-20

XI-10 °
X-25
I-12
CI-M
1-26
I-16

1

1

No. of egg beaiing

Total number of

Occurring percentages

females females of egg bearing females
6 228 2.6
3 278 11
0 134 0.0
0 132 0.0
8- 212 3.8

0 242 0.0 :

| 210 0.5 '
1 i24. 0.8
0 65 0.0
0 B0 0.0
0 . 4 0.0
3 78 3.9
0 53 0.0
1 74 1.4
0 17 0.0
0 85 0.0
0 136 0.0
0 299 0.0
2. 237 0.8
o’ 31 0.0
, 8 260 . 3.1
) 1 94 L1
0 120 6.0
1 282 0.4
6 209 2.9
2 144 1.4




water temperature in the months of August and September was
22«2&0 c, and.the‘number df cges borne by a single {emale
ranged from 531 to 658,

After September 7 no egg—béaring female was seen until
mid NoVémber. ”hefeafter egp-bearing females reappeared in

the sample population and the occurrence of these females

continued, though intermittent, until late iay of the following

year, ‘These females were fallgﬁ into two cateegories according
to their.body iength; 36%31 wm and 42«54 w,  Those inei-
vidﬁals in the sécond.category apparently Eelong to eithér

ot the lqhg—term generation (see

one of groups L1,AL and L

2 3
the section of Growth - ‘ranslator's note). ‘The water
ten@eratuye between November and May Qaried I'rom 3 .to )ho C.
The number of'eggé carried by one female ranged {rom 1;62? to
3,197 and tﬁese nﬁmbers ére.much higher than thoée counted
for.fhe egg—béariﬂg feméles found in Au&ust~ahd September.‘ 
Thé ocgurrence rate of egg-bearing females showed higﬁ valunes
in December, February and April. .This'suggests that during
the period betwgen November and May there are three peaks of
spawniﬁg..'The présehce of the three spawning.péaks appear to

correspond to the presence- of three diffefent-growth groups

in the population of the long-term generation. Also during

the same period small-sized egg-bLearing females appeared fron

late January to April. These females must have developed
from the eggs spawned in summer and'are‘likély to be the

members of a‘shortéterm'generation (see-thé section of Growth.

‘Translétor‘s note).?‘The number of eggs born by a single

’
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small-sized female ranged from 4

1 to 763. The water
temperature during the period between late January and April
' . . . "0

varied from § to 127 C,

These observations indicate that the spawning season
of C. affinis extends over a rvather long period starting
Aupust. and ending dMay of the tollowing vear. lowever, this
spawning season consists of a few periods duringwhich

: : “each of )

females of different generatiocns and/or development spawn.

In August and September female members of group L, of the

long-term genexation spawﬁ. It is reasonable to assume L'h;’:lt;.:
spawning by the members of 'J..-,} group also takes place at this (p.6h)
'fime; Howé?ef, since the memnbers of Lq'ﬁroup migrate offshore

from the test area in sum&er,.no individual of this group.was

sampled, and accordingly this assumption could not be .con-

firmed. Betﬁeeﬁ November and May feumales belonging to each
onébbf the ihrée groups of the 1ong~tefm generation and those‘
of .the shért—term genefatibn éba&n. Judging from the size
_composition'of the sample popﬁlation énd trom the number of
eggs boprn by a single female, the mhin spawning season of C.
affinis appgars:té'bé in aApefiod between December and>April.
‘The.low over;all occurréndé rate of egg-bearing females in

the test area may indicate that spawning of C. aflfinis takes

place seldom in the estuary but mainly in the offshore area

of'Sendai‘Bay.'

III-2 Growth

The growth pattern of €. affinis was estimated by
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exaﬁining the freguency distribution of the bady leﬁgth of a
fotal'of 9,720 male and female shrimps at each sampling date.
However, the pattérn of the distribution was found very complex
due to the long spawning season during which apparentlf more
than oﬁe spawning<took place.  Hence calculations of the mean
“or mode yalues from the Original data were deecmed meaningless.
Since in the present casé the patterﬁ of a sihgle frequelncy
»distribution was ' likely to cénsist of a few distributions
arising .from groups of different development, the original
data weré a}ranged using-normai probability graﬁh papers
acéordingAto the method. of HARDING (1949) to separate indi-
Vidual‘cqnstitﬁent normal di$tributioﬁ curyés. ‘The mean value
of each curve was calculated for'each sampling_date to produce
growth‘éurveé whigh are aemoﬁstrated in Fig. 2. o

- M
60

50

S
Q-

Body length

1] i lV‘ v vi v vitt 13 S . 4 Xt . 1

Month

Fig. 2_—1' The grO\vfh curve of female Crangon affinis bas.'ed on the average
body-length of the two generations and each group, separated by'
"using Harding's method. ’
-“.'i::'t'h'e long~terrh generation, = - A the short-term generation.
@® : sex .uncertalin. L, L, L“ s early, middle ;md late born. group -
found in the Jong-term generation
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Fig. 2-2 The growth curve of male Crangon agfinis..
' Others are the same as in the case with the Fig. 2-1.

Young shrimp, 6-173 mei in body»length,‘appeared at
first on February 14, then on April‘27Aand again on May 27{
At the times ofAﬁhe firsf appearaﬁce all of.ﬂhgse.young'were
in tﬁe sexless form in which no Qeqéndary>sexAcharacteristic
is apparent( ‘These individuals.arg héréin groqud into L1,

L2 and L., according to the order of the date of the appearance.

s

At the time when the secondary sex characteristics of these
dndividuals became distinct, the average body lengths of

groups L.; L. and L,

10 Lo were more than 15 jum, more than 173 wnm

3

and more than 9 mm, respectively. Also at the same time in

each.group there was a clear difrference in the bodf lengtﬁ

between thé maié and female; the female being larger than the

male? Whén_the water temperatﬁre reaéhed 16-18°% ¢ in June,'
.members'of L2 grgup noved ffom.the test aréa to Sendai Bay . | (p;65)
and,ﬁb sample of ‘this érbﬁp'was”obtaiﬁéd.. The growth.rate of -
‘tﬁe‘meﬁbers of»the other two groups’bécameAextremely<élow.

Since the‘humberwéf .- individuals belonging to these two
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groups sampled during summer months showed the ‘lowest value of

all year, many of them were considered also to move offshore.
T ' : . L0

When the water temperature cooled to 15-17  C in CQctober, the

numbers of shrimps of groups L1, L., and L, were increased,
. (2%

3

indicating their return to the test area. Females showed a
rapid growth from October to November and thereaffer their
érowth appeared to be halted. Males-alsq showed a rapid
-growth from Novembéf to mid January and fhen bebame extremely
slow in érowﬁh. In eabh~group the-time.when the growth of
the members deciined, corresponded to thé spawning_Season.
Suéh a lifé,cyble is.térmed herein 'a long—term geﬁeration'.

Ybung shrimp hatéched from the eggs which were pro-
duced ig August and Septembér appeared after.November 20. Af
theAtime of the first appearance these - already possessea
disfinct secondary séx chara@teristics. They continue to
ETrow ﬁhtil mid January and female members spa&n'from late
Jahuary to late Apri;w This life cycle is called ‘a fshortj
term' generation.

Apparently the population of Q.'affinis.consists'of
indi#idualé ofAlong'and short-term generafions,~and the growth

_pattern is different between the two. Iurthermore, three.

groups of different development, Lq, L? and_Ld, were recognized’

among the sample population of the long-term genefation. The
average body lgngths.of_fﬁll—sized femaie and.male-members.
~weré 49 mm and 33 mm in grogp_L1;.42 and 30 mm in Lé; and 138
-and'27 mm in LB’ respecfivély; On the other hand;’the cor-

8

responding values for those 6f the shoft~term generation were




1k

- 30 and 20 mm, respectively.

The life-span of C. affinis was estimated to be 1,3-

1.7 vears for the long-term generation but about 0.9 years

for the short-term generﬁtion.

of all the-individﬁals éampled, 5,511 (87.6%) were
those of th? long-term generation, whereas 1,200 (12.4%)
belonged to the short-term generation, indicating the pre-
dominance of.the former'in the pbpnlation.

1n the population of the.lpng~term-generation the
numbers of females and males were 2,952 and 4,80k, respectively,
A 352 in

the sex ratio being 1.65. However, those were 857 and
the shoft—térm,generAtion and thus the sex raiio becomes 0,41,
No réasohable explanationvcan be offered at present for this.

large difference in the sex ratio between the long and the

‘short-term generation.

I11-3 Feeding Iabit
In March, April, May, July, veptenber, Oc¢tober,

December and January 20-30~shrimps (total number. was. 220)

-.were chosen from those individuals .in which stomach contents

were recognized, and Qsed for the analysis Qf-their stomach

contents. Throughout the observation period Bénthic amphipoﬁs
énd.isopods were the main constituents of the stomaéh contents,
both of which represénting 58%; followéd by polychaétes (20%) .

Other animals found were mysid shrimp (%), copepods (%),

squillae (2%) and tish eggs (Chaenogobius castanea 7, 19%).

The contents of_plant origin ‘represented 12% and consisted of




No seasonal variation was recognized in the feeding habit of

- sand shrimp.

and 21, 1959; "Ai each sampling'timé 50 shrimps were chosen,

w% each of Myxophyceae, diatoms and algae. In large numbers

of the samples, in addition to these forms of life, sand and
mad particleé were always seen in the stomach along with food. (p.66‘
As described above, C. affinis eats a variety of

animals.and plantsf' Illowever, it feeds on small-sized benthic

crustaceans such as amphipods and isopods, and polychaetes.

_The diurnal feeding activity of (. affinis was examined

on those individuals which were hourly sampled on November .20

the number of those which containedain the stomach was
: o : food)
counted and the rate of -  occurrence of food-ingested

shrimp was calculated (Iig. 3).
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1 Fig.3 Diurnal change of the occurring percentage of the stomachs containing

" * 7 fdod against the total number -0f the stomachs examined. = i
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The rate remained low between 11 and 17 hours, the
valuesibeing_6~13%, but rose Lo hipgh values ranging from 37
to 68% betweeh 21 hours and 7 hours of the Folloﬁing day.
Qﬁe highest Value occhred about 20 hours, thén the rate.
tended to decrease toward mornine. 1t appears that C. affinis
feeds seldow in the daytiie but-actively between dusk and
dawn. i ‘ o . |

The daily‘feeding activity of the sand shriwp was
‘observed.in those indiﬁiduals which were reared‘ih an
aquarium; Uurihg>ﬁhe day they hid thewseives iﬁ'theisand
and stayed'resting'but WOV LI dnly the antennae. About one>

hour before sunset they appeared on the sand surface and

1-2 hours after dark briskiy walked on the sand or actively

swam in:- the water. At this time no individual Wwas seen

hiding itself in thé sand,  Also some of the 4shriums were
observed éating food.‘:ThereaFtér these activities
suﬁsided, and .at nidnight a majority of the individuals Qere
staying motionless on the sand. In the morming alter SunriseA
all individuals were seen again hiding themée}ves in the'sand;
Hence it is reasonable to assw.e that under.natural conditions
sand shrimp rest in the sand in the daytime but are active
and feed‘ - in the nighttimé, especialiy 1-2 hours after
sunset. | |

The occurrenée freﬁuenoy of those shriwmps which'con—
téined fqod in- the stomach varied from 20 to 75% between

YR

February and June, from 3 to 26% between July and early October
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and from 26 to 55% between late October and January. The
feeding activity was less " in the period between July
and October, during which no active growth was seen)than in

any other period of the year.

111-4 _Predatorsj.Species and Status (p.67)

The species of fishes which were sampled in the inlets
of Ido and Hiro and‘the main course of the Natori River
between February 1956 and PFebruary 1960, amounted to 37.
Analysqs'of the stbmach'cuntents of these fishes have shown
that the following 8 species ﬁrey on C. affiﬁis: a black

_ porgy Mylio macrocephalus, Tridentiger obscurus, Aboma lacti-

‘ceps, a goby Acanthogobius flavimanus, Chaenogobius castanea,

a dragonet Platycephalus indicus, Platichthys stellatus and

Kareius bicoloratus. Of these 8, M., macrocephalus was caught

for gperiod of 4 months between August and November, T.

obscurus for 7 months (March - June and September - November) ,

Platichthys stellatus for 6 months (March —AAﬁgust), K. bi-
:Qoloratus fpf 9 months (January - July and Septembér - Uétober);
whareés other four species of fishes were-caught fhrOughout
the_yéér as C. giﬁgglé.

. Whéﬁ'the occurfence frequency énd the occurrence rate
of each 6né df the 8 species-of fishes were caiculated from

the data of ‘a total of 158 trawlings between February 1959 and

January 1960,.the following resultslweré cbtained: Aboma lacti-

ceps 89 (56.0%), Acanthogobius flavimanus 129 (81.1%), c.

~castanea 79 (50.0%), Platycephalus indicus 40 (25.1%), M.
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macrocephalus 24 (15.1%), T. obscurus 32 (20.1%), Platichthys

stellata 20 (12.5%), and K. bicoloratus 48 (30.2%). Consider-

ing from the period and rate of the occurrence, Acanthogobius

flavimanus appears to be the most impertant . predator of C.

"affinis, followed by Aboma lacticeps, Chaenogobius castanea and

Platycephalus indicus in decreasing order of importance.

When the monthly occurrence frequency of each species
| : ) .
was examined from the 1959-1960 data, . macrocephalus

appeared only in Septewber, T. obscurus in lMay and October,

Aboma lacticeps in May and June, Acanthogobius flavimanus

every month Qf the year, C. céstaneg in Marech, April, Sep-

tember and November, Platycephalus ihdicus in May, September

and November, Platichthys stellatus in May .and October, and

g..bicoloratus from April to June. The occurrence frequency

rate of these predators was high‘in spring (April to June)

and fall (September to November). o¢nly one species of fish,

Ac‘;é.nthop;obiué flavimanus, preyed on C. _ai'.‘i‘inis_ tl)I‘Oug’;lléut the
yvear. The body iength of thosevsand shriMps which had been
Vingested by theﬁpredatof§ varied from 5 to 373 mn, but.no
individual which was lérger'than 33 mu, was founa in their
AStomach. In éach of these predators the fish tended to eat

larger sand shrimp as the size of the fish increased.  How-

ever, .in M. macrocephalus, T. obscurus, Aboma lacticeps and'g.
- castanea all of the shrimp found in the stomach were less

than 20 mm. in body length,

These findings clearly indicate that Acanthogobius

flavimanus is the most important predator of C. affinig_in
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the test estuarial area. When phe occurrence frequency'rate
.of fish which had ingested sand shrimp [(nor>0f sand shrimp-
ingested fish/no. of food—ingéstéd fish) x 100] was
calculated on the monthly basis for this species, ‘the results
were asAfollows; h;&% in February, 4.4% in March, 16.3% in
April, 14.8% in May, 11.6% in June, 6.3% in July, 31.4% in
August, iB.Q%,in September, 5.4% in October, 6.1% in November,
4,8% in December and Q,i% inVJanuary; The values between
April and-Octdber were considerably higher than those during
the rest of the year, indicating that in this species.the
predatory activity is high duringAthe former period.
None of the 8'§redatory spécies of fishes cOmpletés

_its life in the.test_area. 'ln.other words, these species
utilize the.area oniy.at'a certain stage‘of their 1ife cycle
probably as a spawning ground, a growing grounq‘for the-fry
or é hébitat for the mafure individuals. llence their pre-
'da£0ry peridd'and degree.will be determined by both the tinme
at and the extent to which the living territories of the sand
shrimp and the pfédators overlap, by the stage of aevelopment
of fhé>two partiés in that pérticular period‘aﬁd by the avail-
aﬁility of-other species‘of living food,

| In order to examine the spécies of predafdry fish of
G affinis‘in'Sendai Bay thét-is considered the main habitat
of the sand shrimp, a few surveys were\coﬁducted.betweén 1959:

and 1964. The results have shown that the.following benthic

‘fisheﬁ prey on the sand shrimp: Mustelus manazo, a horse

mackerel Trachurus japonicus, a sea bass Lateolabrax japonicus,’




Nibeéa mitsulkurii, Argvrosomus argentatus, Sebastes vulpes,

8. oblongus, Hexapgrammos otalkii, a dragonet I'latyvcephalus

indicus, Hemitripterus villosus, Occa iburia, Chelidonichthys

kumu, a gurnard Lgpidotrigla microptera, Liparis tanakai, a (p_ﬁgg

halibut Paralichthys olivaceus, Pseudoxhoubus pentophthalumus,

Cleisthenes pinetorum herzensteini, Bopsetta grigorijewl, a

spotted plaice Verasper variepatus, V. maeri, Limanda Lerzen-
. - /S'\
steini, L. vokohamae, ¥Platichthys stellatus, Kareius bicoloratus,

Tanakius kitaharai, Rhinoplagusia japonica, Areliscus ‘joyneri,

Lotﬁella maximowiczi and a cod tadus macrocephalus.. These
predatory fish amount to 29 species which represent 30.5% of
all the benthic fish speéieé inhabitding in the trawling:
gfouﬁd of Sendai Bay. | |

From the results Qf surveys conduéted betwgen Apfil
1962 andAmarch 196&, the monthly occurrence of the predatory
fish species'were'found to be in 1962,:8 species in April, 9
>$pecies in May, 7 in July,'13 in Aupust, Q in September, X
each in Uctober énd November, 3 in Decenber; in 19673, no
species in Januafy and iebruary, 3 in »arch, 11 in Augﬁst, el
in‘September,'hAin‘Oqtober, none in Navember,‘7 in Decewber;
and in 1964, 2,in Janaury, | on‘kebrnary and 2 in March. .
Hence in a peribd between_April andl september’ a large numbef
of predatqry.fish species appeared but in another &-month
period thé occurrence was low.

‘Since these,predatory fish Speciés_varied considerably

in body lengthvahd in predatory éctivity; the siie of the

.
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sand ShrimpAingested by the prgdators also sh§¥®%$rge vari-
ations, ranging from 6 to 58 nw in length. In other words,
1ndividﬁalé bf all develqpmental stages were ingested by ‘the
predators.' | | )
"In order to-analyze the relationship between the sand
shrimp and thése predators, thé-inhabiting density and season
of each pfedgﬁory species in the tranihg eround of Sendai
Bay were estimated from the data collected between April 1962
and Maréh 1963; Thé:aVerage number of individual {ish in a
‘single haul‘ﬁas taken as an index of the density; whereas the
frequency offthe'appeafance as an index of the season. These
results were coﬁbined and arranged by the'quq;drant graph
method of ONO (1961) t01pfodﬁce Pig. h. Accordiné to.thié»
‘figuré, the 29Vpredatofy fish speciesvarevclassified into 3
gréﬁps; those in group 1 showed higher than average values in
both. the number of‘individﬁais per haul and the ‘appearance

frequency and these are Limanda herzensteini, L. yokohamae,

Lepidotrigla microptera and Kareius bicoloratus. The species

in group 2 had a lower than average value in thé nunmber of
individuals per haul but a higher than average value in the-

appearénce frequéncy, and contain 8 species, Paralichthys

olivaceus, EOpsetta'grigoriewi, Areliscus joyneri, Liparis

tanakai; Hemitripterus villosus, Platycephalus indicus, Hexa-

grammos otakii and Verasper variegatus. The rest of the

species is included in group 3 in which both the number of

individuals per haul and the appearahce‘frequency are lower

A3 .

than the average values. llence the predators which have
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Fig 4 Quadrant graph ofithe abundance and ffeciuence)" of the 29 predatory fish species
- for the Crangon affinis in Sendai Bay. ,

Species : . )
. 1. Mustefus manago. 2. Trachurus Jjaponicus 3. Lateolubrz Japonicus
b © 4 Nibea mitsukurii 5. A}gyrosomu: argentatus 6. Sebastes valpes
. 7. 'Seba:tés oblongus 8. Hé..';agran;mos otakii- .. Platycephalus indicus
l 10. Hemitripterus villosus .11, Occa iburia 12. Chelidonichthys kumu
13. Lepidotrigla microptera 14, Liparis tanakai 15, Paralichthys olivaceus
N 16. " Pseudorhombus pentophthalmus 17. Cleisthenes pinetorum he;zenstéini
’ 18. Eopsetia grigorjewi 19. Verasper variegatus 20. Verasper moseri
21. Limanda herzensteini 22\.’ Limanda yokohamae 23. Platichthy stellatus
24, K;reg'as bicoloratus 25, ’Tanakx:us kitahari 26.. Rhinoplagusia japonica
— 21. Areliseus joyneri 28. 'Lott.elld mazimowiczi 29. Gadus macrocephalus
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._a close relétion with C. affinis are fishes of groups 1 and 2.
When the predatory status of each one of the 12
‘species of fish belohging'to groups 1 and 2 was . examined

(Table 2), the occurrence frequency rate of sand shrimp-in-

gested fish varied. from 0.09%% for Limanda herzensteini and L.

xokéhamae to 49.6% for Lepidotrigla microptera. Since Lepido-

trigla microbtera, L;paris tanakai and Eopsetta grigorjewi

showed considerably high values for ghe rate, these thfee are
considered the most inmiportant bredatorslof C. affinis. An
ecological chain ring formed between. these three‘ﬁredatbry
fish species and the.sand.shrimp and its seééonal changes will

"‘be described eisewhere.

III;S Seasonal Migration

| Since the patterﬁ of seasonal migration of C. éﬁiiggg
could not be easily.seafcﬁed by ény direct means; an indireét
’approach was made in which the montﬁly.data of the average
»number of band shrlmps per haul and those of the occurrence
of sand shrlmp in the stomach contents of the ‘main predatory
‘fish_spec1es whlch were caught at known sites of Sendai Bay,
- were cémbined. | | |

Ih'the present studv samplin& of C. affinis in the

estuary of the Natori River was conducted in the daytime
throughout the year except for bebrudly 1n Wthh the specimens
were collected in . the nlghttime‘(at flowing tide) . Since it
was deemed possible that the hour oi bampllnp, espec1dlly the

tidal 1evel might aiiect the cat@h of the spe01menq,_the data

\
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Table 2. Predatory status of the dor'nin'ant and common species for the_'Crangoiz aﬁm’s in Senday Bay.

[

Vcra:per variegatus

. a  Total number df Number of fish Numvbér of ﬁsh eaten | f)ccurrinﬁ pefcentage of fish
P rcdgtory species fish examined ' with food Cr;angon dﬁnis_ ) o eaten Crangon affinis . |
Limande herzenstein 2,665 1,120 1 : - 0.09

: Limanda yakqhamde 2;145 ‘ 1,074 1 , 0.09

" Lepidotrigla microptera 1% 621 a8  49.60 |
Kareins bicoloratus @ 599 115 1 0.87

, l’arazfgé;ﬁy.§ olivacens 425 190 1 ©o211 , .

" Eopsotta grigorjewi 349 242 4 N 37.60
Areliscus joyneri 254 2 91 ' Y 454

" Liparis tanakai 253 227 100 v , 44.05
He»!itriptefus:illasus 108 57 1 ‘ 1. 75

' Platycephalus indicus % 21" 6 ' 28.50
Hezagrammos otakii 61 58 5 ) 8.60

81 60 18 © 30.00
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obtained-on_NOVember QO’and-QT, 1959, were~sﬁpplemented.with
the statistical data of the tidal levels on'thé same days to
yield ®ig. 5. . In the daytime the catches at .ebbing tide, low-
tide and flowing tide ranged from 306 to 485 shrimps per haul
and did not ghow Any significant differencé amohg the different
tidal levéls.- On the other hand, in the nighttime the catch
at ebbing tide varied from 641 to 781, the value being about
1.3 - 2.6 gimes those at thg same tidal levels in the day. .

At low tide and also an early part of flowing tide the catches
were minimal, the number of shrimps being.102 - 118; and were -
only from 0.21 to 0.39 times those in the daytiﬁe. In other

words, the catch increased at ebbing tide but decreased

iooo

Nunber.d individuals per haul

[} .l‘|°.; ‘lsVl dh ol L 1‘l>..16121LIXll‘ll'l-l.‘ 1'; 0
2-X Hour :

Fig.5 Variations in the catch of the Crangon affinis with a small -trawl trawl net in
relation to tidal level and time of the day. '

(p.7
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at low tide in the nighttime. Ifowever, the catches at other
times of the day‘reméined almost unchangea»regafdless of the
~tidal level, Hence the number of shrimps found in é single
haul at any time of.the day can be regarded as the number of
individpals inhabiting in the sampling area at that time.“.
The average>number of individual shrimps per haul was
relativeiy small between May and early November; thereaf ter
showed an increase toward February, decreased in -March and
" rose toithe highest value in April (Fig. 6). 1t appeafs that
these ﬁhanges are controlled by the life cycle df C. gﬁiggig
itsélf as well as by alferations in nohbiblogical environ~:‘

mental conditions, especially watervtemperature. The number

. 1a00}
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pejr_}mul ’
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. Fig.s Month-to-monfh c.hange.o{ the number of the shrimp catch ﬁer haul from

 estuary of the Natori River, during February 1959 through Januar"y 1960.
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of sand shrimps inhabiting - the test area was small during
a period between Nay and late November Qhen'the water temper-
éture remained'relatively high. As has already been described
under section.I]lj2 (Gruwtﬁ), the wernhers ol group L] of the
lbng—term generatioﬁ move offshore to disappear completely
frOm.the test area bétweeh June and U§£ober. Also those of
other groups of-the sane genération were f[found only in sméll
numbers and the growth of these ipdividuals Wa s Markediy
reduced duriné this périod.. l.ennice a majority ot the éand
shrimp in the area presumably nioves fromlthe eétuary of high
te@perature to offshore waters of cool temperature. This
migratioh has beeh cohéidered‘one of the ecological charac- .
teristics of the northern species-of . giigﬂggi(YUKOYA,

19314). The increased catch of sand shrimp in the test area

between late November and February may have resulted [rom av.

increased number of individuals of the long-term generation

returning to shallow estuary where the water tewmperature was

sufficiently lowered, as well as (rom the appearance of new

individuals of the. short-term generation. Un the other hand,

the decline in the catch in March may haye reflected the death

of a number of mature individuals following spawning, whereas

‘the sharp elevation in April was probably caused by. the

appearance of large numbers of young shrimp originating from

eggs produced by mature females of both long and short-termn,
generations.

From thesé-findings the seasonal migratory pattern of

1
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c. affiﬁis can be divided.iﬁto two phases; distribution

in offéhore watérs.between May and the first half of November
and inshgre waters between thé last half of No&ember and
April,

| | In ordér to examine in:detail the distribution
pattern of C. affinis in offshdfe watérs, the results of the
investigationé.in Sendai Bay will be described belpw; A
"survey was conducted in Sendai Bay between April 1962 and
March 1963, in which a few commercial trawlers weré chartered
to collect fish, and all of these flbh were examined for the
stomach contents. Fable 3 shows the ratio of the number of
sand.sﬁrimp—ingested fish species to that of shrimpﬁingested
fish speciés and the rate of thévoccurrence.frequeﬂcy of sand
shrimp—ingéstéd individuals in each one of the three main

predators; i.e., gufnard Lepidotrigla microptera, FEopsetta

grigorijewi and Liparis tanakai, at éaéh sampling date along
with the depth-of-fhe sampling lbcation (eipréssed-as the
average depths of the spotsAwHere the-net was cast and the
.spots where the net was. drawn up). It waé assumed that each
‘fi$h whi¢ﬁ waé caught; had ingested sand shrimp in the
.neighbérhood of the sampling station and/or location. Héﬁce
a high value for the occurrence frequency rdte of sand shrimp-
ingested fiqh can ‘be 1nterpreted to be due malnly to an'
Jincrease-at the sampling Site in the number of those shrimps

which were proper in size to be ingested by that. species of

fish rafher than to ecological changes in the predator species



Table 3. Predatory status of the most important predqtois for the Crangon, affinis, taken
from Sendai Bay during April 1962 through March 1963.

Occurring percentage of individuals eaten QOccuring percentage of species

Crangon affinis “eaten Crangon affinis against
. Lepidotrigla . Eopsetta Liparis the total species with shrimps
Dete [()fr?)th microptera grigrorijewi tanakai in stomach
| 13-N62 85105 0.0 (2)- | } 0.0 *
' 4-N 36- 44 ‘ ' : . 1000
| 15-N  23- 24, - 66.7
V1N 64- 76 0.0 (19 00 (1) 0.0
" 25-N  33- 51 o N © 1000
0-N  30- 36 o B 100.0
-V 336 3.3 A7) 1000 (1) 100.0
-V 27- 41 E ‘ o . 100.0
9-V 27-41 233 (30) ~ 100.0 (1) : 100.0
13-V 33-35 280 (25 100.00 (1) . - 80.0
21-V 30-43 333 (6) o - . 50,0
28-V'  35- 46 - S . : : 50.0
31-V 40-52 333 (3) 66.7 (3) 80,0
-0 33-40 - ' 51.3 (39) 100.0
7-VI 2730 7L4. (14) : . 75.0
25-WI  32- 43 , _ _ 77.8 (18) ~100.0
-27-VI  33- 38 0.0 (3) - 33.3
31-V[  33- 36 : : o _ o : 33.3
2-W . 43-75 500 (6) S S 100.0
3-W  36- 38 40.0 (10) , - 421 (19 60.0
6Vl - 47-49 733 (%) ‘ 100.0
8-V 41-73  48.8 (43) 100.0 (9) _ : » 80.0
11V 43-65  86.7- (60)  80.0 (5) - - 81.8.
CC15-W 68-68 833 (2O  %0.0 Q0) . . o 66.7
L 18-V 52-61  76.0. (25) . 100.0 (1) - ©100.0
25l 49-58  4L5 (41 86.4 (22) ' 100.0
30-W 46-58  76.8 (43) 100.0 (8) . 100.0
31-W  44-56 . 76.2 (21) 100.0 (15) -- , 100.0
3K 52-73  100.0 (2) 1000 (4) ' _ 66.7 -
122K 41-56 733 (30) 500 (2) B ' 75.0
16K 32-43 1000 (9)  50.0 (2) — 100.0 °
© 20-K 87-90 0.0 (1) 0.0 (1) . 0.0 (40) 0.0
'23-K 30-41  68.8 (16) : , o -~ 40,0
28-K - 44-68 341 (4D . ' C 6.7
X, T1-75. 0.0 (2. 0.0 Q0 o 0.0
S 14X 6475 0.0 (4) 0.0 (10) S . 0.0

18-X  46-58  33.3 (27 » . ' - 25.0




24-X  65-76 . 0.0 (5) 0.0 (5) 0.0 (5) 0.0

20-X  #4-70  0.0° (49 0.0.(2) 0.0
3-X  55-5 0.0 (2) 0.0 (4) 0.0
n-X  43-70 - 0.0 (13) , © 0.0 () 0.0
14X 3541 o 50.0 (2) - 50.0
20-X - 35-44 125 (8) 50,0 (2) 60.0
26-X  44- 49 10,0 (10) - 0.0 (9) 12.5
29 - 27-3 5.9 A7 C0.0 aD 12.5
-\ 32-43 429 (7D 0.0 (1) 42.9 (7)  33.3
8-M 58-64 0.0 (2) : L . 00
13-X  36- 36 E R C4LT Q2 . 100. 0
C16-XT 307 44 ' . 40.0 (3) 100.0
19-XI 20~ 41 i - 28.6 (7) ‘ 33.3
23-\I  27-40 0.0 (7). e 00 L
25-M 4652 0.0 (2) 00 (2). .00 (4) - . .00 .. §
T 29-NI  68-78 - 0.0 (25 0.0 (5) : 0.0
3-1'63 47- 61 N 0.0 (10) 0.0 (7) 00 .
61 65-70 0.0 (8) 0.0 (6) 0.0 (7 0.0 !
12-1 . 52-64 0.0 (1) __ 0.0 (5 0.0 (90 . 0.0 '
"16-1  53- 64 ST 0.0 (2) " 0.0
18-1  62-65 00 (2)° 00 (5) - 00 (6) T oo "
“31-1 24~ 43 .- 00 (1D : 0.0
T 9%0-9% - 00 (9) 00 (5) \ 0.0 |
12- - 55-87 . - 0.0 (4) . 0.0. u
- 17-0 30-43 . - . - A (X |
22-T  159-167 - - - - 0.0 :
26-T 27- 46 L 0.0
3M°  76-8 0.0 (1) . 00 (22 ' 0.0
' 6l 154189 ' : Y
S onem . 23 7 ' S " 1000
1 33- 460 ' C 00
20-  30- 35 L o 800

Numerah‘ placed before parentheses represent the occurring pex centage of individuals

'
eaten Crangon affins. H

Numerals in parentheses represent the number of individuals examincd. ‘ :

or prey animals other than (. gg;;ggﬁ.

When the results of Table 3 were analyzed with special
reference .to the mlgratory behavior of (. affinis, from April

to- May the maximal depth of water at which the main predatory

fish were caught, increased ffom 28.5 m to 46.0 m. During
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the same period the occurrence frequency rate of sand shrinp-
ingested gurnards was increased from O to 3%, %, suggesting

that this period corresponds to a season in which . af

.
(]
-~
o)

moves ta-deép yaters, Although only one sanpling was carri
out in June in the 1962-19673 survey, the <:>c.:c1.11‘rence {reguency
rate of sand_shrimpmiﬁgest&d gurnard in the 19060-1961 survey
showed similar values in the month of june to those obtained
in thre month of May 1962.~'Thus this migratory seasoﬁvmay
extend to June. |

In August and Septehber the depth of the sites at
which the predators of (. affinis were caught extended to 6O
m,‘and the rate of tﬁe‘0gqurreﬁce frequency of sand.shrimp—
ingested gurnard at this depth.wasaconsiderably.increased
(86.7-100%). Hence in fhese‘twc summer months C. affinis

l, inhabits . deep watérs.  Bince four samplings in July were
carried out é.'t 'depth.s of less than 473 m, nothing was knowrt on
the distribution of_sandﬁshrimp at depths 6f wore than 43 w
- o .in this month. 'HOWéver, since'the-feeddng aétivity of

gurnard.haé been shown to be similar in July ana_August, it
can be éafeiy cbnclddéd that between July and Sebtember.sand
shrimp inhabit .deep waters. |

From Névémber,to December_phe depth of the sampling
éites for the predators decreased from 52.0 to 37.5 n énd the
occurrence,feeqﬁency_rate of sénd shrimp-ingested individuals
was also'réduced. Therefore during fhis pefiodyg. gﬁgigig'
migrates to shallow waters.

In Janaury and Februitary no predatory fish species was
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caught at a depth of more than.33.5 m., However, since no
sampling was carried qut in sﬁallqw waters, no information is (p.75
available on the exact distribution territory of C. affinis
during thesé two months, In Maréh the appearanée‘of the
predatory fish was seen at a depth of 28.5 m. lfowever, in no
gurnardAthe presence of $and shrimp waé found in the stomach.
Lt éppears—that between January and Maréh sand shrimp are
distributed in shallow waters.

Thesé findings ihdicate fhat C. affinis inhabits
shallow watgrs»during-thé cold~water season between January -
and March but in deep watersiduring the warm-water season
between July ahdjéeptembef. It is notgworthy,that the direction
>of this seasonal migration'ié-opposite_to that observed in
other species of éhrimpsf. lfowever, around. the Shall§w
distribution territory such as the éstuary of the Natori
River this species of shrimp can be seen througﬁout the
‘year and only the’numbér of thé.individﬁals unaergoes.seaéonal
variations. It is to be noted.that.the depfh of the distfi-

bution territories also undergoes marked seasonal variations,

IV._Diséussidn
'The_fauna of shfimp inhabitiﬁg ';nland seas and bays
of Japanvhas been studied by many"invésﬁigatorsg e.g., Mutsu
'-Bay (Yokoya, 1930),V>nagéﬁa Bay . (YOKOYA, 1939), Matsushima
Bay (sato, 1957),.Tokyo Bay (KUBO et al., 1957), the bays of
Mikawa and Ise‘(Aichi Prefectural Tisheries ExperimentaI ‘

station, 1942), Kasaoka Bay (YASUDA, 1957), the Inland Sea of
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Seto (YASUDA et al., 1957), the Sea of Yatsushiro and Kago-

shima Bay (URYU, 1921),.Tachibana Gay (Nagasaki Prefectural
Departmenf of Commerce and Industry; 1955 ), the Sea of Ariake
(MIYAKE, 1967 IKEMATSY, 1963) and lLake f\fak:a—umi (HARADA, |
1968) . ' |
~Of these in:land seas, the;bays ot Mikawa, Ise and

Kagoshiwa are the only three areas where the.prgsence of sand
shfimp haghot been descfibed, CAccording to YOKOYA (1953)3 the
southern limit of the distribution territﬁry of" C. alfinis in
coastal waters of Japan lies in‘the iniaﬁd~5ea of’ Seto on the

Pacific side and in the {ioto Islands on the side of the Sea of

“Japan, lience it is reasonable to accept that no collection

of sand shrimp has been recorded in Kaposhima Bay (since-
Kagoshima Bay is located further south of the Inland Sea of

Seto - Translator's note). i‘cewever, it is not known whether

. the. conclusion that no distfibution of sand shrimp.is {ound

in the baﬁs,ofimikawa and fse-(the two bayé are.locateq north
of the Inland Sea of Seto — Trans;ator'sfnoté), may have

been forﬁed on.the.basis QT insufficient ev;dencé or on other
grqﬁnds; 'Apart from these exceptioné, it is obVibus that Q.
affinis is one of the shrimps which are widelyidistributed in

coastal waters of Japan. Those inland seas and bays in which

the population of sand shriwep is known‘iofsurpass that of

other species of shrimps are Tokyo Bay, Kasaoka Lay and an
inshore area of Hiroshima Bay. In this study it has been

shown that Sendai Bay also can belong to this category.
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The spawning season of C. affinis in Sendai Bay‘exténds
over a considerable long pgriod N S August - September
and November - May. Spawning itself is also;carried out in a
Compléx ménner. KURATA {1963); in hié ecdlogical study"of'
shrimp in 'a- laver culture ground in the inlet of Bankoku,
Niyagi Prefepture, has classified this species into a summer-

. Spawning group. Howevér, the rindings_uf Qhe present.study
have clearly shown thaﬁ summer—spéwning Temales hbld.smaller
numbers of eggs.than.the'springmspawning females.and that the
population of' shrimp developed from summer-spawned eggs is
émaller than that produced by,spring~spawnéd eges. Hence the
summermspawniné_is of less impoftange for the‘reproductiqn of
this species than the spring-spavning in.MiYagi-Prefeotural
Wateré. As KURATA péiﬁted oﬁt, the total number of shrimp

. sampled in his sfudy may have been iﬁsufficientrto ooﬁdqct
detéiled~analyses of the'shrimp population during the winter
and.spfing seasons, thereby leading to this incorrect conclusion.

'.The'ecologipal eharac§eristic§ of g. gﬁiiﬁiﬁ inhagitm
ing in Kaséoka Bay havg beéﬁ reportéd in detéil'by'YASUUA

(1956; 5957). Thus attémptsAwill be'madé to comapre the .

'results of~the'preSeﬁt Study with those of his studies, there-
By clarifying certain ecologicél_charactefiétics-of'this species
. , ' - -
inhabitirig- in Sendai Bay. Spawning of sand shrimp in Kasaoka
Bay'(herein_callgd 'Kasaoka' sand shrimp) takes place in
vaemper L-December and in 4anuary ~ July, the'méin season.
being.between_late February and, 1ate'Apfil. However, the

spawning season. of the same species in Sendai Bay (herein
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called Sendai sand shrimp) has been found‘to be in August -
September and in-November - May, the height of the season
falling between December and April. It is gvident the spawn- -
ing éeason starts earlief in the north (Sendai Bay) than in
the south (Kasaoka;Bay).

Summer-spawning feﬁales of Sendai sand shrimp are

30«31 mn in body length during the sbawning season. Judging

from the growth pattern of C. gffinié, thése'females appear

.to be the members of;L group of the long-~term generation.

2
Although it is not known whether these died following spawning,

no significant difference in the body length composition of

the saniple pophlation was seen before and after spawning.

Females spawning in November and December in Kasaoka

. Bay are-mediumésized (21—28 mm in body length) and show the

growth pattewﬁ*gg that of the long-term generation. These -
: rsimila_.?\

appear ‘to die after spawning, thereby, accordlng to YASUDA,

formlng a short-term generation that is distinct from the

long-term generation, The life-span of this short—term;

generation is believed to be about 6 months.

However, in those species of shrimp$ the population.

of which consists of individuals of both long and short-term

generaf;ons,-the time of the appéarance and the growth pattern

of young Bhrimﬁ are in general known to show significant

'differehcgs-Between the long and short-term géneratipn. Also

it 4is ndt known>whether the females of the short—term
generation classified by YA&UDA died after spawning, and the

body length composition of the population of Kasaoka sand
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shfimp was hardly altered before and after the spawning in (p.76)

,November and»DecemBer. Hence within the 1imits of knowledge.

avallable at present, it appears more reasonable to conclude
that the November - December spawning feﬁaleS'of Kaeaoka sand’
shrimp are the_members of the long-term reneration rather than
that they belong to another generation. |

The'spawning females is 1arge? in bedy leﬁgth in
Sendai Bay than.in KasaokaoBay. Thisnis.probablyndue to the
fact fhat the former was hatched eariier (and accordingly,

has undergone mofe_advanced:developmental stages) than the

-latter. Sendai sand shrimp certainly have experienced a

longer growing season in spring prior to the summer non-grow- .

ing-season:than Kasaoka sand shrimp.

| In Sendai Bay spawning between hovember and May is
carried out by females of the 1ong—term generatlon. A magority.
Of the egF-bearlng females at the oarly and 1ate stdges of this
spawning season is 42-44 mm in body 1ength but most of those
at the mid stage are more.than 45 mm long. The body length

throughout the spawning season ranged from 42 to 53 mm. The

‘occurrence of egg-bearinw fenales during this season has been

found'disconfihoous. Judging from the occurrence rate of egg-
bearing females, the appearance time of young shrimp and the‘
body length composition ‘of the population- of the long-term
generation, the main spawning appears to take prlace three
timee during this season. .

Hoiever, in Kasaoka Bay spawning of the 1ong-term

Ageneration takes place between January and June. The boedy
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length of egg-bearing females is small at the beginning but

dncreases as the spawning season advances, and varied from 37

to 58 mm during the whole season. The occurrence of egg-bear-
1ng females is continuous throug hout the season, the peak
appearlnb in late March.

In Sendai Bay durlng the main spawning season females
of the shéft~term generation which have developed from
summer—spawned eggs spawn from late January to Aprll These
egg-bearing females are 30-31 umlln body length and are: con;
siderably smaller than those of the long—term generation ati
the;eaﬁedtimeeof'the.spawningbseason.: The number of eggs
born by a single'female is also'lese in the short than in the

long-term generatlon. In Kasaoka Bay‘females of the short-

term generation spawn from late April to late July. The body

length of these egg-bearing females ranges from 27 to 37 nm,
'
Kasaoka sand shrimp,:thefe is a'difference in the.spawning
seaeon. However, the ﬁode of reproduction is eesentially the
same beteeenAtﬁe'two and consists of.spawning~by middle—sized
femalee of the lqngeferm generation; that by full-sized
females oflﬁhe leng—term_geﬁeration'and that by females of

the short-term generation.

'In Sendai Bay young shrimp of the 1ong—term generation

appear_three times; i.e., mid February, late April and late

May. These young indiv1duals have average body 1engths of 8

9 and 6 mu, respectively,'at the time of thelr first appearance.

It appears that the three have developed from eggs spawned in

When the spawning habit is compared between Sendai and
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mid Decembgf, mid Februaryland mid Apfil, respectlvely. In
other words, the eggs produced in mid December have grown to.
reach a length of 8 mm for about GQ days, those in mid
February to'9 mm for 75 days and those in mid April to 6 mm
for about 40 days. |

. According to the results of rearing experlments of C.
affir_x_is (YAMANOUCHI, 1965). larvae of about 1.7 mm length
wéra seen l—5 days after_eggebearing females haq been placed
iﬁ.an aquarium. The larvae led a benthic‘life at stage VI
after 5 eédyseé and were about 2.6 mm in body length atlstage

V, the last stage of'development'in the plankton period. The

'water temperature in the aquarium was 18- 21 C. s>round meat

' of~Japanese littleneck Tapes 1ap0nica was glven as a feed.

'In ~one case only 3 of the newly hatched 3, 850 larvae developed

into stage VI after 25 days., However, inj,other cases no
CFour> |
ecdysis took place and none of the hatched larvae survived

for more than 5 days. The failure was attributed by the

-author to deterioration of the ‘quality of the culture water which.

- was™ caused by the ground meat. Therefore the state of

growth bétwéen hatching:and Stage.vl reported in this study ;
is likely to be different from that ﬁhich is expected to occnf
undexr natural conditiomns. ‘Since the incremaat of the body
length during each stage between stagé~11.and V of plankton
larvae was 0;2§0.3'mﬁ, the body lengthvatﬂstage VI would be
abaut 3 mm. Hence the eatimates made for the-earlf grawth of

Sendai sand shrimp can be regarded as appropfiate, when the

difference in the ﬁater'temperature between the aquarium




is considered.

. of the first appearance are in the sexless form but soon

"larger body length than later-born ones at the time of the

increase in the body 'length is recognized. 1In ¥ovember and
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used in the rearing experiments of YAMANOUCHI and Sendai Bay
Young shrimp of the long-term generation at the time

develop the secondary sex characteristics. ~ This development

dépends on the birth date and earlier-born individuals have &

first appearance of the secondary sex characteristics. Active
growth is seen during the season of from spring to summer.

“

: . o
However, when the water temperature rises above 16 C, no

December when the‘water'températuré is decreased below 16° ¢
active growth is resumed. No growth i1s apparent during the

spawning season and the death occurs after spawning. The

life-span of the long-term ggneration'varies from 1.4 to 1.7

years and full-grown shrimp of females and males are 49 mm

~and 30 mm in body length, respectively.

On the other_hanq,,in Kasaoka Bay spawning'of_the long- (p.77
term generatidn»fakes place éontinuéusly between January andA
June, ihe comﬁésitioﬂ ofAthe.bodyvlength among tﬁe male and
female population at each sampling time'has shown a nérmal.

distribution curvg,'and in each sex deviatiops between the

~minimal and maximal léngth are reported to be less than 10 wm.

During the spawning seasoh’should_all.of,the young shrimp -

deyeloping from spawned eggs survive and should they be

~'sampled, the body length compoéitidn of the population would

not be likely to show a normal distribution. Therefore in

\
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Kasaoka Bay it seems.that oniy those larvée which were haté}hed

from eggs spawned at a.partiqﬁlar stage of the &6~month

spawning seasdn wbuld survivé and forin the_following_generation.

Young’shrimp appear from late May onward and are about 10 mm

in body lengtﬁ at the time of the first\appearanqef,'They

continue to grow'for'abéut one month until latg June. During

a period when.the water température remainérabéve 20° Ciy i.e.,

between'léfe June and early October, hardly any increase in

the body lengthvis.obServable. Uﬁtil the end of the'high—

water tempefatufe period all young individuals are in the

sexléss'form. 'However, whén.the growth resumes as the water
cpéls, the seéondq:fy sex characteristics are

developéd.. A rapid growth.is seen fromvdahuary tq,Februgry,

and the death occurs follbwing spawning. The life-span of

<the long—term generation is dbbut one yeér and full-sized

female aﬁd méleﬂshrimp.are 48 mm and 36 mm in'léngth; respectively.
Ypung-shrimﬁ of the shbrf~tefmvgeneration in Sendai -
Bay appeaf ih November and possess already the éecondafy sex
¢haracteristics at that time. Shrimp of this generation
sbaﬁn.between;ﬁanuary ahd'April and die in abou¥~May. In
contrast to the 1ong~term generation, members of the short-

term generation maintain uniform growth thrbughout the life

and their life-span is 0.9 years. The aﬁeragé~body‘length of

full-grown individuals is 36 mm for females and 20 nm for
males.’
In Kasaoka Bay young sbrimp.of the short-term gener-

ation éppear in mid February in the sexless form,~develop the




secondary sex characteristlcs in March, continue to grow

-thereafter until May. The llfe—spap is estimated to he 0.5

vears, and the averageAbody'lengths'of full-sized female and
male shrimp are 33 and 27 m, respectively.

The Vrowth patterns of the long-term ggneration of
Sendai and Kasaoka sand shrimp show certain seasonal dif- .
fefenqes wh;éh.have'been brought about by'ﬁhe differences in
both the‘spawning season and~tﬁ¢ wvater temperature, The upper

limit of the water temperature beyond which the growth is

“nearly completely halted, is 169 in the north but 20° in the

south. Apparently Sendai sand shrimp are less resistant to

"high temperatures than Kasaoka shrimp. This is one of the’

.ecological characteristics of the Sendai species.

' The life-span of Sendai sand shrimp is longer than

- that of Kasaoka shrimp in both long and short-term generations. .

Alfhough the body length of full-sized females does not show
any marked difference between'thé two, full-sized males are

larger in Kasaoka than in Séndgi Bay. Therefore the growth

‘speed. is faster in the former than in the latter.

' As for the feeding habit of <. affims, KURATA (196'3)

 has described that this species feedb on. animals. The 1ind—

ings oﬁ this study have shown that of’ the anlmalsg small—sizéd,
benthic amphipods, isopods and polychaetes are the main food.
Asvother species’ of.shrimps, C. affinis is nocturnal
and feeding activity takes piace also in fhé nighttime,
Dﬁring_the summer non-growing .season fhe feeding activity'de—

creases.
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- of these predators varies with season and increases in a

L2

The predatory fish species of C, affinis in the'Inland

- Sea of Seto have been reported by Yasuda (1957) to be 3 in-

cluding'Hexakrammos otakii, though no details were given.
The results of the‘presentvstudy have revealed that a large
number of fish species (8 species in the estuary of the Natori

River énd 29 species in Sendai Bay) prey on C. affinis. The

species'of’importance are Acanthogobius flavimanus in the

éstuary; and Lepidotrigla microptera, Liparis tanakai and

ELopsetta grigorjewi in Sendai Bay. . The occurrence frequency’

pefiod}befween April and Sgptember'during which sand shrimp
>migréte fé and'inhaﬁit - _deeplwaters._‘ﬁowever, the occurrence
frequency becomes mipimal during the main spawning season of
between December and March, indlcatlng that the loss of the'
population of sand shrimp due to pxedators becomeb reduced

¢

dqr;ng the main Spawnlng season of the shrlmp. This is of

rextreme interest, since it offers an example to show the

existence of_a_certéin_mutual relationship between a predator

‘and a prey.aﬁimal.

Diurnal changes in the catch of C. affinis have been exanmine
by HARADA (1968) who used a small bag net for sampling in
Lake Naka—ﬁmi. It was observed thét the maximal oatoh was

obtained at ebbing tide in the nivhttmme but that. almost no

catch was recorded at flowing tide in the nlght or at any

'tidal hour in the daytime. The results of the~present study

in the estuary using a trawl net have shown that the maximal .
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catch is obtained at ebbing tide at night.and that the minimum

is at low tide at night. At other tidal hours in the nighﬁ—

time and at any tidal hour in the daytime the catches are

about the same and mediwum. The discrepancigs between the two
studies are in' part due to the differénce in the fishing tool
(net). A bag net is stafioﬁary aﬁd utilized a natural tidal
éurrent, whexeas a trawl net is transportablé. -Hence the
iatfef is ablé to collect those sand shrimp which are hiaden
in sand in the déftime; However, the reasons why sand shrimp
which are active at night.were caught in the bag net only at

ebbing tide in the nighttime and why the trawling catch of .

 sand shrimp was maximun at ebbing tide in theihighttime, are

not clear.
According to the available record of the maximal
depth at which sand shrimp have been sampled albng coastal

waters of Japan (YOKOYA;'1933), two sites (north of Tsushima

_and.eést'of Sado) on the side of the Sea .of Japan had a

depth of 219 m and one site (east of Aomori Prefecture):on the

Pacific side was 172 m deep. Thus. the distribution terfitory

. of Ci: affinis extends from an inland sea and bay to a conti-

nental shelf. 1In Sendai Bay the deepest site at which sand

shrimp were collected is 68 m deep and that is 54 m deep in

" Tokyo Bay. -

Kasaoka sand shrimp do not show as marked a seasonal

migratory habit as Sendai shrimp. According to YASUDA (1956),

the former inhabits at the center of the bay between June and .

September, moves inshore between October and December and

(p.78)
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‘is distributed in the entrance area of the bay between

January and May. In Tokyp Bay the population.density of sand

shrimp 1§ reported to be,high throughout the bay in late
spring and‘fall bet to.become extremely low in late sﬁmmer
(KUBO et al.,.1957); However, re-examinations of Tables 16-.
18 in thelr orlglnal paper shot,ghat the maximal don81ty

ec

occurred at a depth of 47 m in late spring (irom May 27 to

June 1) and at a depth of 54 m in late summer (August 30 -

‘September 5) but at‘a’depth of 33 m in late fall (December 7

- December 12) 1ndicat1ng that this species of Shrlmp tends
to inhablt in deep waters durlng a perlod of high- wateru
temperature but in shallow waters during a COql—water period
withih Teky9~Bay. Sendai send_shrimp show a si@ilar but

distinct seasonal migratory habit; i.e., nmoving inshore during

.a low waterétemperature period but offshore durirng a high

———

watef-temperature ﬁeriod,' Henee.seasonal migration of C. af-
finis takes piace in the_Opposite-direction to that which has
been obeerved in mahy other species 6f shrimps and can be
considered one of tﬁé.ecological characteristics of the |
nertherq species. | |

Judging from ehe results of the present study as weli
as those of other inveetigators‘, C. affinis 15 a small-sized

shrimp and is distribufed widely along coastal waters of

Japan. The spawning season, the duration of the spawning

season, seasonal variatlon oi the growth pattern and the
seasonal migratory behav1or, all of which clearly indicate

that‘this species has ebdlogical characteristics unique to
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the northern species. Sand shrimp in Sendai Bay may be of
little importanée as a fishing object but may play an important

role as a prey in the maintenance of the reproduction of

useful benthic flshes auch as Lepidotrigcla chrthera and

Eopsetta grigorjewi.

V  Summary
A few measurements and obqervations were made .on sand

shrimp Crangon afflnls Whlch were sampled in the estuary of'

the Nat0r1 River, Mlyagl Prefecture,.between February 1959
and February 1960. Also, in order to determlne the specLes

of predatory f;sh stomach contents of fish whlch were caught

'in the same estuary and in the trawling ground of Sendai Bay

were examined.

The results obtained are‘summariZed as follows:

j;‘ The population of sand shrimp ‘consists of indi-
viduals of a short- term'wenerétion, the life- bgan of which is

about 10 months, and those of a long- term generation whigh
have a life-span of 1h~19‘months._ |

2. ;Individug;s.of the short-term géﬁeratidu‘are'
reproduced in Aug#st and September by largé;sized females of
the long-term generation.aﬁd.appear iﬂ"fhe<¢atéh>at first in
Nbvembef. These grow cdntiﬁuausly until early January, spawn
froﬁ late‘Januéry to April and survive until abouf May. ‘The
average body length of'full sized shrlmp of this' generation
is 30 mm in females and 20 mm in males.

3. Indlviduals of the long term generation are
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of each one of the three groups are 49, 42 and 38 mm in

_animals, especially amphipods, isopbds and polychaetes,

'water temperature is hibh

. of the Natori River, and 29 of the 96 fish species including

RGN
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reproduced‘by tﬁose of the long éﬁd éhort;term generations
produced in the preﬁious yeaf. fhe long-term generation
consiSts of three groups:developeﬁ-at different times; large.
numbers of .young shrimp appear iﬁ.fhe-catéh three times;.i.
e., in February, Aprii and May. These~young shrimp grow
rapidly frbm spring to.early summer but show little growth
ﬁetﬁéen June aﬁd October'when the yatef teliperature rises

above 16° C. The gfoﬁth resumes after November until the

.spawninb season.

Dgg—bearlng femdlea, M2453 mm in body length, appear
between late November and 1ate“May, but in large numbers in

Decémber, Februaryvand April, suggésting the presence of three

‘spawning peaks. This»corfesponds to the presence oif three (p‘79)

groups of development among the population of the long—tefm

generatioh. The average body lengths of the largest members

feinaies,_. and 33, 30 and 27 mm iAn malels.»

L, The sand shrimp .lives on small-sized benthic
throughout the year. Sand and mud partlcles are always seen
in the stomach along with food.

5. The feedlng act1v1ty decreases in summer when the

"6. Eight of the 37 fish species caught in the estuary

one hybrid caught in the trawllng ground of Sendai Bay, are

found to be the predators of C. affinis. Of these, Acanthogobius
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flavimanus in the estuary, and Lepidotrigla microptera,

Liparis tanakai and Kopsetta grigorjewi in Sendai Bay, are -

Considered-of,imp0rtance.

7 Q; affinis is of nqctﬁrnal habit. lowever, no
significant difference is seen in the trawling catch between
night and day.

8. The sand shriﬁp shows.a.seasonal migratofy
behavior; it-moves frou inshore to bffshore waters between
April and June, inhabifs'offsﬁqrevbefween July and September,
returns to inshore waters between October and December .and

inhabits there between January and March.
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