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STOMATOPOD GROOMING BEHAVIOR: FUNCTIONAL
MORPHOLOGY AND AMPUTATION EXPERIMENTS IN
GONODACTYLUS OERSTEDII

Raymond T. Bauer

ABSTRACT

Qualitative and quantitative observations on (7, oerstedii show that ils grooming behavior
consists (in order of decreasing frequency) of antennae (Al and A2), eye, subcarapace, gill,
and general body grooming. As in decapod crustaceans, there is an inverse relationship
between bout frequency and bout duration of grooming behaviors in this stomatopod. The
only appendage observed in grooming, the first maxilliped. has grooming brushes of rasp,
multiscaled. and scaled serrate setae; the microstructure of these setae is described and
illustrated with SEM, In the Stomatopoda, low diversity of specialized grooming structures
reflects a conservative stomatopod body plan, while the high diversity of cleaning characters
in the Decapoda reflects the group’s high variation in body morphology, Analysis of the
functional morphology of G. oerstedii’s fifth maxilliped (M3) propodal brush suggests that it
15 a reduced and vestigial grooming character. It is concluded that a vestigial M5 grooming
brush 1s a synapomorphy thal supports the hypothesis by Jacques (1983) that the Gonodac-
tylidae, Odontodactylidae, and Protosquillidae are closely related.

Amputation experiments were performed to test the hypothesis that grooming behavior is
an antifouling adaptation. Members of the experimental group had the first maxillipeds
amputated: in control groups, exopods of the third perciopods, a nongrooming appendage,
were ablated. Experimental and control animals were exposed to fouling on sea-water tables
for 2 weeks. Fouling was quantified by counting strands of Leucothrix, a filamentous
bacterium. Both gill filaments and antennular aesthestascs of experimental (nongrooming)
stomatopods were heavily fouled by Leucothrix and other bacterial growth after 2 weeks,
while those of controls remained clean. The low fouling on eyes and lack of fouling on most
other body surfaces in experimentals raises the possibility that some parts of the exoskeleton
may be protecied from microbial fouling by the secretion ol antifouling compounds,

The importance of grooming behavior in the life of crustaceans has become
apparent in recent years. Many crustacean species have compound setae, organized
into brushes and combs, that are specialized for scraping and brushing the exo-
skeleton. Amputation experiments have demonstrated that a major function of
grooming is prevention of epibiotic fouling of sensory receptors, gills, embryos,
and general body surfaces (Bauer, 1975, 1977, 1978, 1979; Felgenhauer and Schram,
1978; Pohle, in press). Publications dealing with grooming behavior and mor-
phology have concentrated on the decapod crustaceans (Bauer, 1975, 1977, 1978,
1979, 1981, in press a; Felgenhauer and Schram, 1978, 1979; Felgenhauer and
Abele, 1983; Holmquist, in press; Martin and Felgenhauer, 1986; Pohle, in press).
However, Holmquist (1982, 1985, in press) has also dealt with grooming behavior
and morphology in amphipods and isopods.

Stomatopod crustaceans frequently can be observed grooming the body, and
the first maxillipeds (first thoracopods) are considered by stomatopod workers to
be primarily grooming appendages (Kunze, 1981). In spite of the possible im-
portance of cleaning behavior in stomatopod biology, the literature on stomatopod
grooming is virtually nonexistent. Giesbrecht (1910) described and figured groom-
ing positions in Squilla mantis, while various workers have briefly remarked on
the frequency or possible significance of grooming (Kunze, 1981; Monigomery
and Caldwell, 1984; Reaka. 1975, 1978, 1979; Reaka and Manning, 1981). Jacques
(1981, 1983) has made valuable contributions on the microstructure of setae in
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presumed grooming brushes. Most recently, Morin e al. (1985) and Burgni and
Ferrero (1985) have dealt with stomatopod grooming from a neurophysiological
point of view.

In this report, I give the results of studies on grooming behavior and its adaptive
value in the tropical stomatopod Gonodactylus oerstedii Hansen, 1895, 1 describe
grooming behaviors and their organization in G. oerstedii, document and illustrate
microstructure of grooming setae, and give results of amputation experiments on
grooming appendages. Part of this work is summarized in a brief report published
in conjunction with the First International Symposium on Stomatopod Biology
in Trieste, Italy, 1985 (Bauer, in press b). The present report contains more
extensive observations on grooming behavior. quantitative observations on be-
havioral organization, description and illustration of setal microstructure with
scanning electron microscopy (SEM), and guantitztive analysis and SEM illus-
tration of amputation experiments.

MATERIALS AND METHODS

Collection of . oerstedii ook place in sea-grass ( Thalassia restudinum) meadows in Puerto Rico
and Belize. Most individuals were obtained by breaking open the lower parts of fire coral (Millepora
sp.j colonies occurring on meadows. CGonodactyius cerstedit ofien make their chambers within the
mass of sediment. algae, sponges. lunicates, and other sessile invertebrates in which the base of the
coral colony is embedded. Gonodactyvlus oerstedii used for experiments and qualitative behavioral
ohservations were taken in April, June, and July 1985, from shallow sea-grass meadows within 1 km
west and south of Cayvo Caballo Blanco, near the University of Puerto Rico, Mayagiiez. [sla Magueyes
Marine Laboratory, at La Parguera, Puerto Rico, Pseudosquilla ciliata (Fabricius, 1787), collected for
comparative morphological study, were taken incidentally and occasionally with (. eerstedii and also
by pushnet in sea-grass meadows. Quantitative behavioral observations were done on . oerstedii
taken from meadows on the west side of Little Dipper Cay of the Twin Cays complex, 2 km northwest
ol Carrie Bow Cay, 22 km southeast of Dangriga, Belize (Riitzler and Macintyre, 1982).

Observation and photography of cleaning behavior ol (7. versiedii 100k place on stomatopods in
aquaria on sea-water tables al the Isla Magueyes laboratory. Stomatopods were placed individually
in small aquaria with coral sand and a large picce of coral rubble. The animal usually made a partial
burrow or situated itscll between the piece ol coral rubble and the aquarium wall. These stomatopods
appeared inactive at night; behavioral observations were taken during the day. Photographs for illus-
tration of cleaning movements were laken with a 35-mm camera equipped with a 50-mm lens,
extension tubes, and a strobe light with 1/1500-s flash duration; color transparency film was used.
Hlustrations of grooming movements were made by projecting transparencies and tracing directly
from them.

Quantitative behavioral observations were taken on . oerstedii al the Smithsonian Institution’s
facility at Carrie Bow Cay in May 1986. Stomatopods were maintained individually in small aquaria
with coralline algae (Halimeda opuntia) at least 24 h prior to recorded observations. The frequency
and duration of grooming behaviors were recorded for | h lor each individual (N = 20 individuals)
in daytime observations. Single acts such as antennular preening, eye scrubbing, and rapid acts of
other grooming behaviors that occupied some unmeasured {raction of a second were recorded as acts
of 1-s duration, Bouts with a duration of greater than 1 s were measured with a stopwaich to the
nearest second.

Examination of appendage and setal morphology was done with light microscopy and SEM. Spec-
imens used for SEM were initially preserved in 10% sca-water Formalin, dehydrated through a standard
alcohol series to 100% ethanol, critical-point dried, and sputter-coated with a 100 A thickness of gold
or gold-palladium. Specimens selected for morphological examination with SEM were cleaned by
sonication. but matenal from amputation experimenls was not sonicated prior 1o SEM examination.
SEM observations were principally carried out at the University of Southwestern Louisiana’s Electron
Microscopy Cenler; preliminary SEM work took place at the University of Puerto Rico, Rio Piedras,
SEM facility.

Amputation experiments were carried out on (7. gerstedii at the Isla Magueyes laboratory during
June and July 1985, The hypothesis tested was: Does epibiotic or sediment fouling occur on body
parts that are not groomed as a result of first maxilliped amputation? The carpus, propodus, and
dactylus of the first maxillipeds (thoracopods 1), the observed grooming appendages, were removed
from individuals of the “experimental” group. while in the “control™ group, the exopods were ablated
from the third pereiopods (thoracopods 8). The intention of the latter amputation was to subjzct
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conirol and experimental individuals to the same experimental trauma. Amputations were done with
fine forceps on stomatopods restrained under a dissecting microscope. Afler operations, most (30 ol
33)individuals soon recovered completely on return to sca water. During the experiments, stomatopods
were exposed to ambient fouling in a flow-through sea-water system. Individuals were maintained
separately in plastic tubs (8-cm diameter, 8-cm height) perforated with 3-mm holes for waler circu-
lation. A 6-cm long, 1.3-cm diameler picce of opaque or transparent tubing was placed in each
container; the stomatopods used the tubing as shelters.

Twoamputation experiments were conducted. Since the light intensity that the day-active G- oerstedii
normally encounters was not known. 1 decided o use lwo extremes in light level, an important factor
in algal Touling. The Arst experiment ran from 7-22 June 1985, &nd is termed the “Dark™ experiment
(N = 10 experimentals, 8 controls) because the stomatopod containers were covered by a sheet ol
black fiberglass screen (2-mm mesh) which greatly reduced light levels in the containers: additionally.
pieces of plastic tubing provided as shelters were opaque to light. In the “Light" experiment (13-27
July 1985; N = 5 experimentals, 7 controls), stomatopod containers were covered by a clear plastic
sheel perforated with 3-mm holes 1o admit air; transparent tubing was provided for shelters. The
outdoor water tables on which the experiments took place were beneath a roof, so that direct sunlight
shone into the containers only for 15-20 min in the early morning. Stomatopods were fed chopped
picces of shrimp every other day, When experiments were terminaled, the stomatopods were preserved
in 10-15% buffered sea-water Formalin.

Fouling was measured on one antennular flagellum, eye, pleopodal gill filament, and uropodal selae
ol stomatopods used in experiments, In the first three body perts, strands of the microbial fouling
organism Lewcothriv (Johnson et al., 1971: Sieburth, 1975; Johnson, 1983) were counted. The anten-
nular flagellum bearing the aesthetascs was removed. mounted in water, and viewed at 100 % with a
light microscope. The number of strands of Lewcothrix that could be distinguished were counted.
Because the bacterial threads were twisted about each other. repeated counts on the same specimen
were olien slightly different. Therefore, 3 counts were laken on each specimen, and the median of the
three 1s reported here. A similar procedure was used 1n counting Leucoihirix on the eye and gill. To
measure gill fouling, the gills were removed from the right third pleopod; one group of attached
filaments was mounted on a slide and viewed at 100 % . Fouling on the middle filament was measured,
Uropodal setae displayed complicated sediment and microbial fouling, and Leuwcorhrix or other easily
counted organisms were difficult to distinguish. For uropodal setae, a qualitative scale was used to
characterize fouling (1 = none; 2 = light; 3 = moderate: 4 = heavy). The rank sum test (Wilcoxon
T-test; Mann-Whitney [/-test) (Tate and Clelland, 1957) was used to test the null hypothesis of no
difference in medians between treatments,

RESULTS
Behavior

Gonodactylus oerstedii preens body parts with the carpus and subchela (pro-
podus and dactylus) of the first maxillipeds. The following grooming behaviors
were observed and are described: antennae, eye, subcarapace, gill, general body,
and autogrooming,.

Antennae Grooming. —This behavior is the preening of the antennules (Al) and
second antennae (A2). Antennules may be groomed alone, but when the antennal
(A2)Aagellum 1s groomed, it is always together with the antennular flagella. During
an act of antennae grooming involving both Al and A2 (Fig. 1A), the A1 of one
side is lowered towards the midline together with the A2 flagellum and peduncle,
At the same time, the first maxillipeds (M1) reach up and scrub down the ap-
pendages. [rom peduncle to flagellar tips, from one to several times.

Eye Scrubbing.—The M1 pair reach up and vigorously scrub one or both eyes
from one to several times (Fig. 1B).

Subcarapace Grooming, — This refers to apparent M1 grooming of maxillipeds 2—
5. maxillipedal epipods. and other areas below the carapace. This category includes
observable M1 grooming of another maxilliped (Fig. 2A) and rapid movements
of the reflexed M1 pair below the carapace or among the maxillipeds where it is
difficult to observe which body part is being cleaned. Frequently, maxillipeds 3—






