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Abstract: Polyester resin casts of burrows of the thalassinidean ghost shrimp,
Callianussu japonica Orrmann, were collected vn an intertidal sand flat in west
Kyushu, Japin.  One burrow ciast obtained in Seplember P989 and another, ob-
tained in September 1990, hidd o thin “branch” originating from the stout adult
burrow casl.  Evidence poinlesd 1o sueh branches being inhabited by newly recru-
ited individuals of C japonica. M is believed that settling larvae and/or newly
settled juveniles had entered the surface openings of the adult burrows to later
branch off independently. ’

Introdauction

After examining the distribution pattern of juveniles and aduits of the thalassin-
idean ghost shrimp, Callianassa japonica ORTMANN, on an intertidal sand flat in
west Kyushu, Japan, Tamak: and IncorLe (1993) suggested that occupation of deep
sediment layers by juveniles and hence their escape from mortality-causing factors
near the sediment surface should be facilitated through the bioturbation of sedi-
ments by and the presence of hurrows of established adulls, It mighl therefore be
expected that if juveniles utlilize counspecific adult burrows in order Lo become es-
tablished, such a utilization pattern could well be reflected by the resultant
burrow shape. Although burrow morphology of Callianassa species has been studied

*Contribution Nou. 366 from the Amakusa Marine Biological Laboratory, Kyushu University
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intensively (for a recent review, see Guirris and SuchHanek, 1991), apparently only
two studies have shown burrow casls in which juvenile branches led off from a
stouter, adult structure, viz, Forsgs (1973) (C. krdussi) and waNBANks (1981) (C.
californiensis). The burrow structure of C Jjaponica was investigated by OnsHiMAa
(1967) and UTtasumro ef al. (1972), but a juvenile-adult burrbw relationship was not
detected. The present paper presents evidence for the utilization of adult burrows
by juveniles of C. japonica.

Materials and Methods

Study arca and organisms _ .

The study arca was an iolertidal sand flal facing Tomioka Bay at the north-
western corner of Amakusa-Shimoshima Island, west Kyushu, Japan. A rectangular
area, ca. 300 m-wide alongshore, was selecled as the sampling site (see Fig. 1 in
Tamaki and Suzuxawa, 1991). It was exposed for a distance of 3356 m seaward at
extreme low water spring tide. Almost the entire sand f{lat was densely populated
by Callianassa japonica, with the densities of other burrowing decapod crustaceans
being relatively low.

Females of Callianassa japonica attain maturity at the age of ca. one year
(INGoLE et al, in prep). Ovigerous females, which spawn planktonic zoeal larvae,
occur from June to Oclober, with newly recruited juveniles appearing between
July and December (INcoLk et gl., in prep.). '

Collection of burrow casts and specimens of Callianassa japonica ‘

Polyester resin casts of bhurrows of Callianassa japonica were made following
Hamano (1990), some 40 60 m seaward [rom the shore during low tides on two oc-
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Fig. 1. Body-size (TL) hislo;-:,rauu of Calliunassa japonica based on core sainples taken

on 15 September 1989, The arrow indicates the point at which juveniles and
adults are distinguished from cach other. n: total number of individuals.
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Fig. 2. Lincar regression of the total length (TL) on carapace width (CW) for juve-
niles ol Calbiinassa juponica, as delined o i )

casions (15-16 Sep. 1989 and 5-6 Scp. 1990).

In order to examine the relationship betwcen size of Callianassa japonica and
that of burrows occupiced, ghost shrimps were collected using a éylindrical corer
(100 cm? x50 - ¢cm acrylic tube) at a point 60 m scaward from the shore during low
tide on 15 September 1989. Sixteen samples were collected. The entire sediment
column, which overlay an accumulation of large shell remains, was obtained by
the corer, the sediment thickness varving from 29 1o 38 cm, After vcemoval, cich
seditment colummn was sicved throngh o 05 g mesh steve and lixed with 10 - %4

neutralized formadin solution.
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Fig. 4. Burrow casts of Callianassa juponica obtained on 16 September 1989 Ta] and
6 Scptember 1990 b’ The arraw in [al indicates a presumed juvenile burrow
branching off an adult burrow  The arrow n L) indicates the attachment point
between a presumed juvenile burrow and an adult burrow. In cach of {a] and
'bl. only one half of the paircd-portions above the node of the Y of the adult
burrow cast was taken completely. The (ull range of the scale is 10 cm.

Laboratory treatments of burrow casts and specimens of Callianassa japonica
In the laboratory, the barrow costs owere photographaed. On o cach occasion ol
burrow casl collection, a single burrow cast thiat had a thin "branch” originating

u

from the stout “stem” was obtained. We suspected that such branches and stems
had been inhabited by newly receruted idividuals and adults of Calhianassa juponi-
ca, respectively,  To determine which sizes of Co japonica could enter the branch-
ing scctions, the following procedures were carried oul: 1) Measurcment of body
sizes ol C japonica. I order to o separate newly recraited individuals from adulis,
body-length histograms were made as (ollows.  Among specimens collected from
the core samples, those with undamaged bodies and those represented only by un-
damaged carapaces were measured for total length (T along the mid-dorsum
from the tip ol the rostrum to the posternior psuagin of the telson) and carapace

length (CL: along the mid-dorsum from the tlip of the rostrum to the posterior



Utilization of burrows of Callianussa japonica 117

margin of the cardiac region), respectively, under a stereomicroscope to the nearest
0.1 mm. The total lengths for the lalter specimens were estimated using a linear
regression equation of TL on CL obtained for specimens collected on 13-14 Octo-
ber 1989 as follows: TL=4.68 CL~1.09 (n=604; r=0.99; p<0.001) (from INcoLE e!
al, in prep.). - Subscquently, a body-length histogram with 1-mm intervals was
made from both directly measurcd and cstimated TLs. This enabled recruitment
cohorts to be defined, individuals being subsequently referred to as juveniles or adults,
‘depending on body size. Secondly, for all juveniles, the maximum carapace width
(CW: the width of the widest part of the body) was measured under a stercomi-
croscope to the nearest 0.025 mm. Although fixation and preservétion might‘have
occasionally altered the carapace dimensions to somc extent, corrections were not
made;  2) Mcasurcment of the diameler of the burrow casts. The burrow casts
consisted of both bulbous chambers and interconnections between them. The di-
ameter of the interconnections was measurcd under a stereomicroscope 10 the nea-
rest 0.025 mm for the 1989 cast al an interval of 1-1.5 mm and with a vernier cal-
iper to the nearest D006 mm for the 1990 ¢ant at an interval of 6 mm, from the
proximal cnd (e, close O the “adult” steme burrows). Measurement wmethods diff-
ered between the two burrow casts owing to their differences in size; 3) Determi-
nation of juvenile body sizes which could move through the branching parts of
the burrows. The above obscrvations provided .values of CW which were less
than those of the burrow diameters. From the relationship between juvenile TL
and CW, the TL of juveniles apparcn'tly inhabiting the branched sections could be
determined.

Results

Definition of juveniles and adults

The total length of Callianassa japonica from all the core samples collected in
September 1989 ranged from 4.7 unn to G877 mm. 6.7% ol the Lotal TL data used
in the body-length (TL) histogram (IFig. 1) was estimated from CL data. Although
it was impossible to conclusively identify all juveniles (individuals which were rec-
ruited in 1989) based only on histogram shape, recourse could be made to other
data on temporal changes in the TL composition in this species (Tamaki and
IncoLE, 1993; IncoLr et al, in prep.). Juveniles and adults could therefore be sep-
arated at the 16.05~mm TL point, with two major size-groups being recognizable
within juveniles, ic., the earlier (9.05 mm<TL<16.05mm) and later (TL<8.05 mm)
recruitment cohorts.
TL-CW rclationship for juveniles .

The carapace width of juveniles (TL::16.05 mm) of Calliunassa japonica ranged
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from 0.70 mm to 3.50 mm. Fig. 2_.shows the TL-CW relationship for these juve-
niles. The linear regression equation of TL on CW is as follows: TL (mm)=4.38
CW (mm)+2.67 (n=36; r=0.86; p<0.001).
Burrow casts

The burrow casts of Callienassa japonica obtained in 1989 and 1090 are shown
in Fig. 3 la} and [b] , respectively.  According to Ousiima (1967) and UTtasHiro et
al. (1972), thce burrow inhabited by one individual of C. japonica is basically Y-
shaped wilth two openings on the sediment surface and the node of the Y situated
some 10 to 15cm below the sediment surface for adults. In 1990, it was found
that a thin Y-shaped burrow with two openings on the sediment surface was con-
nected to a sccond, stouler Y-shaped burrow. The minimum, maximum, and mean
+ SD diameclers for the portion below the node of the Y of the thin burrow were
270 mm, 335 mm, and 297*022mm (n=16), respectively (the diameters of the
paired portions abave the node of the Y were smaller, and were nol measured be-
cause those sections of the burrow were not inhabited (OsnsHima, 1967; UTAsHIRO et
al, 1972)). By comparison, the 1989 cast was of a thin Y-shaped burrow, which
was far smaller than the thin 1990 burrow cast and had only blind ends within
the scediment. It was also connected to o stout Yeshaped burrow.  The minimum,
maximum, and mean + SD diameters of the interconneclion paris of this thin
burrow were 0.90 mm, 1.50 mm, and 1.28+0.16 mm (n=23), respectively.

Discussion

The hikelihood that the “branch” burrow cast collected in 1989 (Fig. 3 [a) ) was
the burrow of a juvcnile of Callianassa japonica was based on two obscrvations:
1) The repetition of bulbous chambers and interconnections between them was
typical of the burrow structure of C japonica (OusHima, 1967; Urasmiro et al.,
1972), in which bulbous chambers are used for turning by the animal;, 2) Exami-
nation of the burrow diameter and the carapace width values of juveniles (Fig. 2)
indicated that the smalest-sized juveniles with at Jeast CW<09mm and TL<6.6
mm could move through the burrow and that juveniles with ca, 8-mm TL
length, which belonged to the latest recruitment cohqu (Fig. 1), conformed to the
mean diameter of the interconnections in the burrow (ca. 1:3 mm).

The "branch” burrow cast collecled nf 1990 (Fig. 3 [b] ) apparently belonged to
Callianassa japonica, because it was Y-shaped with two openings on the sediment
surface. Juveniles with ca. 16~ mm TL length, which belonged to the first recruit-
ment cohort of the year (IFig. 1), conformed to the mean diamcter of the burrow
{ca. 3.0 mm) (Ig. 2).

The above observations suggest the following pattern of utilization of adult bur-
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rows by juveniles of Calliunussa japonica. Settling larvac and/or newly settled ju-
veniles enter the surface openings of adult burrows to later branch off on their
_own. Such branches are extended until they reach the sediment surface. The ju-
venile burrows eventually become separated from the adult burrows, because it is
known that cach adult burrow is inhabitcd by a single adult only (Onsuima, 1967;
UrasHiro et al., 1972). Juveniles were observed re-entering the surface openings of
adult burrows in both the ficld and the laboratory during the study, suggesling
the common use of adult burrow openings, until such time that the juvenile bur-
rows become completely established. For other species of Callianassa, Forpes
(1973) showed burrow casts of juvcnile shrimps radiating off an adylt burrow cast
of C. kraussi, whose larvae are non-planktonic, and Swinsanks (1981) oblained a
similar burrow cast for C. californiensis, which has planktonic larvae. Thus the
present situation is similar 1o that of C. californiensis. On the sand flal, however,
juveniles of C. japonica have also been found in some areas from which adults
were absent (Tamaxki and Suzukawa, 1991; Tamaki and Ingorg, 1993). Thus fur-
ther investigations arc necded to clucidate what portion of the juvenile population

utilizes the adull burrows Lo establish itselfl on the sand flat,
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