
New Zealand Journal of Marine and Freshwater Research, 2000, Vol. 34: 397^408
0028-8330/00/3403-0397 $7.00 © The Royal Society of New Zealand 2000

397

Intraspecific burrow plasticity of an intertidal population
of Callianassa filholi (Crustacea: Decapoda: Thalassinidea)
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Abstract Burrow morphology and intraspecific
burrow plasticity in relation to environmental con-
ditions were examined for an intertidal population
ofCallianassa filholi Milne-Edwards, 1878 in south-
eastern New Zealand. Multivariate analysis of bur-
row features revealed no significant differences in
burrow morphology between seasons. However,
dissimilarities between burrows from different sea-
sons could be identified and included differences in
lateral extent, total length, and volume of burrows.
These size parameters each showed low values in
winter, coinciding with low seawater temperature
and high organic content of the sediment. There was
no significant relationship between any of the three
size parameters and sediment grain size or shore
height of the burrow, but lateral extent and total
length of the burrow were significantly related to
organic content of the sediment, decreasing with
increasing organic content. Furthermore, there was
a significant positive relationship between seawater
temperature and total length of the burrow. Data
from the present study imply that intraspecific vari-
ation in burrow morphology for callianassids is de-
pendent on environmental variables, which has
consequences for the construction of useful burrow
models.
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INTRODUCTION

Thalassinidean shrimps construct burrows in inter-
tidal and subtidal soft sediments (Posey 1985;
Witbaard & Duineveld 1989). Their burrows are
considered to be amongst the deepest (>50 cm) and
most complex decapod burrows (Dworschak 1983;
Atkinson & Taylor 1988), and are used for shelter,
reproduction, and feeding; most thalassinideans live
exclusively within the burrow, except for a brief
pelagic stage (Griffis & Suchanek 1991). The mor-
phology of thalassinidean burrows has intrigued
geologists, paleoecologists, and marine ecologists
for a number of years (MacGinitie 1934; Weimer &
Hoyt 1964; Frey & Howard 1975), but depth and
complexity of the burrows have impeded studies on
burrow architecture until the relative recent advent
of epoxy and polyester resins (Shinn 1968). Use of
resin has enabled detailed casts of entire burrow
systems to be obtained (Atkinson & Chapman 1984)
and has allowed investigations into the burrow mor-
phology for a variety of thalassinidean species
(Tudhope & Scoffin 1984; Vaugelas 1984;
Dworschak & Pervesler 1988). Studies document
high levels of variation in burrow architecture (see
review Dworschak 1983), and it has been suggested
that burrow types reflect species-specific differences
in feeding mode (Suchanek 1985; Vaugelas 1990;
Griffis & Suchanek 1991). However, burrow clas-
sification models based on trophic modes fail to
account for intraspecific variation in burrow mor-
phology, even though improvements to such mod-
els have been proposed recently (Nickell & Atkinson
1995). Intraspecific burrow plasticity has been linked
to biological factors (e.g., population density (Nash
et al. 1984); space-resource competition with associ-
ated macro-infauna (Peterson 1977)), and environmen-
tal conditions (e.g., sediment type (Griffis & Chavez
1988); organic content (Rowden & Jones 1995)).
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The difficulty in casting burrows in sufficient
numbers has prevented comprehensive studies of
intraspecific burrow plasticity in general, and, there-
fore, the influence of biological and environmental
variables has not yet been adequately established.
The present study aims to address this shortfall by
assessing burrow plasticity of the ghost shrimp
Callianassafilholi Milne-Edwards, 1878 in relation
to time and associated environmental factors. C.
filholi is endemic to New Zealand and is one of the
few Southern Hemisphere temperate species of
callianassid shrimp to have received any biological
investigation (Berkenbusch & Rowden 1998, 1999;
Berkenbusch et al. 2000). To date, information on
the burrow morphology has been limited to general
observations (Devine 1966). This lack of informa-
tion provided the impetus to determine the general
burrow morphology, and to assess seasonal burrow
plasticity, of an intertidal C. filholi population.

MATERIALS AND METHODS

Burrow morphology of an intertidal population of
Callianassa filholi in south-eastern New Zealand
(170°42' E, 45°30'S) was investigated in situ on an
uniformly sloping sandflat with a tidal range of 1.4-
2.2 m (Fig. 1). Burrows were cast monthly from May
1995 to August 1996, and seasonally from August
1997 to July 1998, using epoxy resin (Ciba
Speciality Chemicals NZ Ltd, Araldite GY 9513, LC
191, and Hardener HY 2992, 2996; density range =
1.05-1.25 g cm"3). On each casting occasion, 10
burrows were haphazardly selected on the sandflat
and resin was poured into plastic sleeves (bottomless
plastic containers, diameter 10 cm and 20 cm) placed
around burrow openings. The horizontal distance of
each burrow cast in relation to the shore was
established as a proxy measure of tidal height. In
addition, on each casting occasion sediment cores
were taken (diameter 3 cm, 10 cm depth) for granu-
lometry and organic content analysis. Seawater
temperature was measured at the Portobello Marine
Laboratory, in close proximity (11 km) to the study
site.

Resin was left in the burrows to cure for 24 h
before the casts were excavated by hand. After ex-
cavation, casts (the surfaces of which were initially
sticky) were allowed to further harden in air, before
being weighed (±0.01 g) and measured (tape meas-
ure and digital sliding handcalipers, ±0.01 mm).
Burrow measurements taken were: (1) maximum
depth; (2) depth of the junction between the

Fig. 1 Intertidal study site at Otakou, Otago Harbour,
south-eastern New Zealand.

horizontal burrow system and shafts to the surface;
(3) number, mean length, and diameter of shafts to
the surface (inhalant and exhalant); (4) length, width,
and height of exhalant nodule(s); (5) mean length
and diameter of tunnels; (6) mean length and diam-
eter of shafts; (7) number, length, width, and height
of turning chambers; (8) number of turning cham-
ber insections; (9) number of terminal turning cham-
bers; (10) number of dead ends; (11) total length of
tunnels and turning chambers (lateral extent); (12)
total length of the burrow system (lateral extent and
total length of vertical shafts); and (13) number,
length, width, and height of sumps. For the diam-
eter of each separate shaft and tunnel a mean value
was calculated from three equidistant measurements.
For some burrow features, such as exhalant nodules,
turning chambers and sumps, maximum measure-
ments (length, width, and height) were taken.

Burrow volume was calculated using the weight
of the burrow and the specific density of the resin
ascertained for each sampling occasion. Some of the
casts were partially covered in a thin layer of sand
(presumably where the burrow wall was not lined
with mucus), and to adjust the calculation of the
respective burrow volume for this feature, calibration
cubes covered in sand were cast. The ascertained
correction factor, together with thickness of the sand
layer and percentage cover of the casts, were used


