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brushes on thoracic limbs scrape and rub other appendages and general surfaces of the 
exoskeleton. Chelate limbs nip and pick at edges of crevices in the cephalothoracic region. 
Scanning electron microscopy reveals that the setae composing the grooming brushes are 
equipped with characteristic tooth- and scale-like setules which serve as the actual rasping 
devices. Antennules. antennae and pereopods are frequently preened by the third maxillipeds 
and first pereopods, while large areas of the exoskeleton are cleaned by the third pair of 
walking legs and the chelate limbs. 

Shrimp with the general cleaning limbs ablated develop significantly greater infestations of 
the epizoic suctorian Ephelota than animals allowed to groom. Olfactory hairs on the 
antennules of shrimp deprived of the third maxillipeds become fouled with diatoms and debris 
while those on controls do not. Grooming behavior clearly prevents a build-up of settling 
organisms between molts and repeated cleaning of sensory sites is essential in maintaining 
contact with the environment. 
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INTRODUCTION 

A characteristic of the marine environment is the abundance of the larvae 
and spores of sessile organisms and the limited amount of suitable surface for 
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their attachment. Clean surfaces placed in marine waters invariably become 
covered in time with sedentary animals and benthic plants. Hard surfaced 
marine animals (bryozoans, molluscs, echinoderms, crustaceans) and benthic 
algae are utilized as substrates by bacteria, diatoms, sessile protozoans, 
hydroids, bryozoans, tubiculous polychaetes, barnacles and algae. These 
organisms can be deleterious to their hosts. Overgrowth of sensory and 
respiratory surfaces or openings, interference with locomotion, injury to host 
tissues with subsequent infection are types of damage epizoites might inflict on 
their animal substrates. 

Another feature of the aquatic environment is that wind, waves, currents, 
river runoff and the activities of living organisms put sediment and detritus into 
suspension in the water column. Such materials can clog openings and cover 
surfaces through which contact between the internal environment of the animal 
and the external environment must take place, e.g., gill membranes, 
chemoreceptor sites. Sediment and detritus can interfere with feeding and 
locomotory activities if not removed in some manner. 

Since marine animals face the danger of being overgrown by epizoites and/or 
smothered by particulate matter in the water, defenses against being fouled 
have been developed. Among the solutions to the problem of "keeping clean" 
is the removal of foreign particles, epizoites and ectoparasites by appendages 
and processes of the animals themselves. The pedicellariae of echinoderms, the 
avicularia and vibracula of ectoprocts are commonly assumed to discourage 
small predators and the larvae of settling animals (Ryland, 1970). The seta of a 
bryozoan vibraculum is swept over the colony, dislodging sediment which may 
smother it (Ryland, 1970). Sediment settling on the surfaces of many marine 
animals is entangled in mucus which is carried off the animal by ciliary 
currents, e.g., corals and anemones (Hyman, 1940-. 613), asteroids (Hyman, 
1955: 374). 

Scattered reports in the literature indicate that caridean shrimp spend a large 
proportion of time and energy in grooming (cleaning, preening). Doflein (1910) 
has briefly described cleaning of the exoskeleton and brushing of the gills by 
the setose first chelae of Palaemon xiphias Risso. Hoglund (1943) reported that 
cleaning is a process recurring daily in Palaemon squilla (L.), and remarked 
upon its importance prior to spawning. Preening with the chelate limbs has 
been observed in two species of Alpheus (Nolan & Salmon, 1970) and in the 
gnathophyllid shrimp Hymenocera picta Dana (Wickler & Seibt, 1970). The 
atyid shrimp Caridina cleans its pleopods with the chelipeds and scrapes 
abdominal surfaces with a row of stout setae ("spinules") on the dactyl of the 
last walking leg (Fryer, 1960). Needier (1931) stated that Pandalus danae 
cleans the pleopods thoroughly before egg-laying, although she did not indicate 
the appendages used. 

Time- and energy-consuming activities can be assumed, a priori, to be 
important elements of an animal's adaptational repertoire. Grooming is such an 
activity in the life of caridean shrimps, but has not been analyzed in detail. 
Grooming is defined as the scraping and brushing of appendages and general 
body surfaces by specialized setal groups on certain thoracic legs. Nipping and 
picking at the exoskeleton by the chelate appendages is also a part of preen.ng. 
Cleaning movements of the shrimp Pandalus danae and the structures it uses to 
carry them out are described in this report, and hypotheses on the adaptive 
value of grooming have been tested by some field experiments. 
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MATERIALS AND METHODS 

Pandalus danae. the "coonstripe" or "dock" shrimp, occurs along the eastern 
Pacific coast from Sitka, Alaska (Rathbun, 1904), south to San Luis Obispo 
Bay, California, at a depth of 18-180 m (Goodwin, 1952), usually on sand or 
gravel bottoms (Butler, 1964), but also on docks and pier pilings. This species is 
protandric (Berkeley, 1930). 

Animals used in this study were collected at night by dip-netting through 
algae growing along the floating docks at the University of Washington's Friday 
Harbor Laboratories in May and June 1973. Most direct observations were 
made on animals kept in laboratory water tables with running seawater, but 
some were made on animals on the floating docks and pier pilings utilizing 
scuba. Analyses of movements were made from still photographs of animals in 
aquaria taken with a 35 mm reflex camera and electronic flash of 1/1500 
second duration. Setal structure was examined by light and scanning electron 
microscopy (SEM). Specimens were preserved in formalin, desiccated in a freon 
critical point dryer and vacuum coated with a 150-200 A thickness of 
gold-palladium for observation with a Cambridge S-4 SEM. 

MORPHOLOGY AND BEHAVIOR 

All external surfaces of the shrimp are groomed by setal groups on the third 
maxillipeds, first and fifth pereopods, and by the chelae of the second 
pereopods. Grooming structures have been identified by their morphology and 
by observations on their use. Each thoracic appendage with a grooming 
structure primarily cleans a specific section of the animal's body (Fig. 1), 
although there are areas of overlap. Preening is never the sole activity of these 
limbs—they also funcnon as locomotory, feeding and sensory appendages. 

Figure 1. Map of Pandalus danae showing regions groomed by different cleaning limbs. Hitched 
areas are cleaned by pereopods 5 (last walking legs); stippled areas by pereopods 2 (chelipeds); 
unmarked areas by the third maxillipeds: CH, chelipeds; MX, third maxillipeds; OF, outer 
flagellum of antennule; PI, P5. pereopods 1, 5. 
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Third maxillipecis 

The third maxillipeds are large pediform appendages which assist in food 
handling and which are important preening limbs. As in most carideans, the 
number of segments in this limb has been reduced from seven to four (Fig. 2).* 
Dense setation on the medial surface of the carpus and propodus-dactylus is 
characteristic of the appendage, with relatively few setal groups on the lateral 
sides. Large compound setae with complex setulation are arranged in closely 
spaced dotsovencially oriented rows. The structure and placement of these 
setae show that they are grooming devices, used by the animal as rasps to 
scrape and clean certain parts of the body. 

Stout serrate setae with tooth- or blade-shaped setules comprise most of the 
grooming setae on the propodus-dactylus (Plate 1A, B, C), and are also the 
dorsal-most setae in the carpal rows. They are naked along the proximal third 
to half of the setal shaft, with two types of setules distally. On one side of the 
seta, there is a double row of broadly-based tooth setules which curve slightly 
toward those of the opposite side and also toward the tip of the seta. These 
setules attain maximum size in the middle of the compound area and at the tip 
of rhe shaft lie almost parallel to ir (Plate 1R). Scale-like seniles are situated on 
the other side of the seta, arising from a narrow raised area on the setal shaft 
(Plate ID). Scale setules are arranged in wing-like pairs, a scale of a pair often 
slightly offset from its partner. Each scale is incised around its border to form 
several finger-like subsetules. These setules are slightly raised above the surface 
of the shaft and the subdivided edges are oriented towards the tip of the seta. 
Scales terminate subapically, and the last few are not free of the setal surface, 
appearing only as raised areas of the same contour. Thomas (1970) has 
described similar setules with light microscopy from thoracic coxal setae 
(setobranchs) of the crayfish Austropotamobius pallipes (Lereboullet). 
Setae of this morphology are found on the third maxillipeds and in the setal 
brushes of the last walking legs, which are also used to groom areas of the 
exoskeleton. 

Most setae in the carpal rows lack tooth setules. Setules of these setae 
resemble scale setules in being subsetulate; however, they are longer, narrower, 
and many of them seem to arise from definite sockets (Plate 2A, B). Setulation 
is again restricted to the distal two-thirds or half of these setae, and the same 
kind of setule is found surrounding the setal shaft. Setules on opposite sides of 
the shaft do differ in their orientation to the seta. A double row of setules on 
one side is almost at right angles to the shaft (except near the tip), while those 
surrounding the rest of the seta are parallel to it and pointing towards the tip 
(Plate 2C, D). The latter are all elevated above the setal surface. Setae of this 
type are also found in the first several rows of the propodus-dactylus, but are 
surrounded both dorsally and ventrally by the serrate setae described above. 

In the rows on the limb, setae are elevated above the appendage surface at an 
angle of approximately 45° with all setae pointing distally—setae in the dorsal 
portion of the rows are directed dorso-distally, those in the ventral part 
ventro-distally. An exception are some serrate setae on the dorsal edge of the 

• Balss (1940-61: 141) gives the homologies of the four segments: coxa, basis * ischium + merus, 
carpus, and propodus * dactylus: although Caiman (1909 : 269) believes the first segment is the coalesced 
coxa and basis. Berkeley's (1928) work on the musculature of Pandalus danae supports the former 
scheme. 
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Figure 2. Left third maxilliped, medial view: CP, carpus; CX, coxa; 1MB, fused basis, ischium, 
merus; PD, propodus-dactylus. 

carpal rows, which rise straight off the segment. Tooth seniles of serrate setae 
and the double rows of carpal setae face toward the surface of the limb. All the 
grooming setae articulate with the limb in a deep socket, allowing considerable 
freedom of movement. 

When the shrimp is at rest, the third maxillipeds are held out in front of the 
animal (Fig. 1). Flexibility between carpus and propodus-dactylus is slight, so 
that the two segments function together as one rod-like unit. Assistance in 
seizing larger morsels of food and especially in pinning such items against the 
substratum with the heavy claw-like setae at the tip of the limb are functions of 
the third maxillipeds. Grooming acts, however, are the most frequent 
movements made by these appendages. The third maxillipeds clean the 
antennular flagella, the pereopods, and, together with the first pereopod, the 
antennal flagella. 

The antennules of Pandalus show typical decapod structure, with an inner 
whip-like flagellum and a stouter outer flagellum bearing the rows of 
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