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GILL-CLEANING MECHANISMS OF THE MUD LOBSTER THALASSINA 
ANOMALA (DECAPODA: THALASSINIDEA: THALASSINIDAE) 

Zenon B, Batang and Hiroshi Suzuki 

A B S T R A C T 

The gill-cleaning mechanisms of the mud lobster Thalassina anomala were examined. The gill 
complement consists of 12 arthrobranchs and 5 podobranchs, both having cylindrical flattened fil
aments. Morphological inference suggested passive gill-cleaning mechanisms involving various 
setal systems; multidenticulate setae (on scaphognathite, setobranch, distal epipod), pappose setae 
(on coxae, proximal epipod), serrate setae (short setal tufts on limb coxae), and plumose setae (on 
carapace fringe). Smooth setae were found on the thoracic epimeron (inner wall of the branchial 
chamber) and inner branchiostegal margin. Small lamellar protrusions on the pereiopodal arthrodium 
were noted bearing dense pappose setae. The multidenticulate scaphognathite and epipodal setae 
were serrate distally. The digitate scale setules of multidenticulate setobranch, epipodal, and scaphog
nathite setae shared similarities: (1) digitation pattern gradually changes distally from angular to 
linear, (2) proximal setules incline toward the base while distal setules incline toward the tip with 
overlapping inclinations in a transition zone, and (3) setule density increases distally on the setal 
shaft. The multidenticulate scaphognathite setae have a V-form spiral arrangement on the distal 
part of the shaft, which is atypical in decapods. Aquarium observations did not show active gill 
cleaning by thoracic limbs, but general body grooming and respiratory reversal were observed. 
The phyletic relationships of gill-cleaning mechanisms, with notes on braî chial morphology, are 
discussed. 

Grooming mechanisms vary among deca
pod taxa, and predominantly involve the third 
maxillipeds, pereiopods, or other setiferous 
thoracic processes which prevent fouling of 
body surfaces, cephalothoracic appendages, 
embryos, and gills (Bauer, 1975, 1977, 1978, 
1979, 1981, 1989; Hindley and Alexander, 
1978; Martin and Felgenhauer, 1986; Pohle, 
1989a, b; Fleischer et aL, 1992; Nickell et al, 
1998; Suzuki and McLay, 1998). Grooming 
behaviors are closely related in function, but 
usually differ in structural morphology 
(Bauer, 1977, 1981, 1989). Grooming has 
been regarded as a conservative systematic 
character denoting phyletic affinity and adap
tive value in decapods (Bauer, 1981, 1989; 
Martin and Felgenhauer, 1986; Suzuki and 
McLay, 1998). Most grooming structures are 
characterized by the presence of setal systems 
whose diverse forms and lesser-known func
tions invite further scrutiny (Jacques, 1989; 
Watling, 1989; Fleischer et aL, 1992; Fel
genhauer, 1992). 

The respiratory process in decapod crus
taceans draws water into the branchial cham
ber and predisposes the gills to deleterious 
fouling by particulate debris and epizoites 
(Bauer, 1989, 1998). Fouling of gills may se
riously affect respiration and ion regulation 
(Bauer, 1981, 1989; Martin and Felgenhauer, 

1986). Therefore, decapods have evolved a 
variety of gill-cleaning mechanisms to 
counter fouling pressures. These mechanisms 
include setiferous thoracic epipods (penaeids, 
nephropids, palinurids, and brachyurans), 
pereiopods (carideans, stenopodids, tha-
lassinids, and anomurans), epipod-setobranch 
complex (carideans) or setobranchs only (axi
ids and astacids), scaphognathite setae (atyid 
carideans), and branphiostegal setae (astacids) 
(Bauer, 1981, 1989, 1998; Suzuki and McLay, 
1998). An antifouling function has also been 
attributed to the compound fringe setae on 
limb articles and carapace (Bauer, 1981, 
1989). Respiratory reversal, or the back-flush
ing of respiratory water from the branchial 
chamber, has been similarly recognized as 
gill-cleaning activity in decapods (Bauer, 
1989), while the newly reported phenomenon 
of "limb rocking" (Bauer, 1998) may have 
been overlooked in other species. Limb rock
ing refers to intentional agitation of limbs 
thus jostling the setobranchs and setiferous 
epipods in the craynsh Procambarus clarkii 
Girard, 1852 (see Bauer, 1998). 

In the Thalassinida Burkenroad, 1981, gill-
cleaning mechanisms are less well known rel
ative to other reptant taxa, with few and scat
tered references to axiids, upogebiids, and 
callianassids (Martin and Felgenhauer, 1986; 
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Bauer, 1989; Nickell et al, 1998). Pereiopo-
dal gill brushing has been found in cal-
lianassids and upogebiids, and setobranchs in 
axiids. Though thalassinids generally exhibit 
uniform subterranean habit and burrow-
adapted morphology (Scholtz and Richter, 
1995), variations in gill form are well recog
nized (Nash et al, 1984; Astall et al 1997). 
The group has widespread geographic distri
bution ranging from deep-sea to supralittoral 
zones of mangrove swamps (Labadie and 
Palmer, 1996) and their cosmopolitan range 
has been attributed to their morphological and 
behavioral adaptabihty (Nickell et al, 1998). 
Thalassinids undergo active bioturbation 
which can have substantial geochemical im
pact through the redistribution of nutrients, 
trace metals, and radionuclides (Whitehead et 
a/., 1988; Ziebis et al, 1996). Their fossor-
ial habit presupposes constant exposure to 
fouling pressures and hypoxia, though vari
ous respiratory adaptations of the group to hy
poxic, or even anoxic, conditions have been 
noted in Astall et al (1997). Antifouling im
plications of burrowing behavior has also 
been suggested (Bauer, 1989). The systematic 
position of thalassinids remains unsettled and 
the taxon has been formerly grouped with the 
Anomura (Martin and Abele, 1986) or ex
cluded from them (Scholtz and Richter, 
1995). Based on gill-cleaning and body-
grooming characters, Bauer (1989) concluded 
a thalassinid origin of the anomurans. 

The mud lobster Thalassina anomala 
Herbst, 1804, or mangrove lobster to some 
authors (Yunker and Scura, 1985; Pillai, 
1990), inhabits the eulittoral and supralittoral 
zones of mangrove swamps in estuarine trop
ical shores (Pillai, 1990). The species is a de
posit feeder which can stand prolonged emer
sion despite its subterranean habit. It usually 
creates complex burrow systems that can 
reach 2 m deep and forms conical mounds 
on the ground surface which can significantly 
alter substrate topography (Pillai, 1992). The 
biomechanics of its chelae has been studied 
in relation to feeding, digging, and aggressive 
encounters (Pillai, 1990). 

Here, we present aspects of thalassinid 
grooming behavior by describing the gill-
cleaning mechanisms of the mud lobster 
based on morphological inference and aquar
ium observations. Emphasis is given to the 
ultrastructure and distribution of setiferous 
processes which are conceivably involved in 

gill cleaning. A synthesis of thalassinid gill-
cleaning mechanisms is subsequently dis
cussed. 

MATERIALS AND METHODS 

Mud lobsters were collected from mangrove swamps 
in Lomboc Island, Indonesia, and Amami-oshima, south
ern Japan, in March and May 1998, respectively, by ex
cavating burrows. Specimens were preserved in 70% al
cohol. Body size was expressed in carapace length (CL: 
dorsomedial distance between the tip of the rostrum and 
the posterior edge of the carapace). Following dissection 
of the branchial chamber by cutting off the branchioste-
gites, the position, structure, and branchial formula of the 
gills were noted. Gross morphological observations of the 
branchial chamber, using larger specimens (CL > 5.0 cm), 
were conducted by light microscope (Nikon SMZ-U) with 
camera lucida. 

The ultrastructures of gill-cleaning processes were ob
served by scanning electron microscope (SEM). For SEM 
preparation, branchiostegites were cut off and the entire 
cephalothorax halved longitudinally. Samples were de
hydrated in 2-h series of ethyl alcohol (EtOH: 80%, 90%, 
95%, 100%, 100%), later replaced with 2 mixtures (1:1, 
2:1) of tri-butyl alcohol (t-BuOH) and EtOH, and 2 final 
changes of absolute t-BuOH. Samples in absolute t-BuOH 
were refrigerated overnight after which they were freeze-
dried (VFD-21 t-BuFreeze Dryer), mounted on aluminum 
stubs, and coated on gold-palladium complex using EIKO 
IB3 Ion Coater and viewed on SEM (Hitachi S-4100H). 

Visual observation of live specimens in the labora
tory was conducted to determine species-specific behav
ior of gill cleaning. Single specimens were placed in a 
glass aquarium filled with brackish water and graded sed
iments, predominantly white fine sands, to ensure visual 
clarity. The aquarium was aerated continuously and the 
specimen fed with commercial crustacean food. Obser
vation was done 3-5 h daily within a week and all signs 
of body-grooming activities, as defined by Bauer (1981), 
were recorded. Gill nomenclature follows Astall et al. 
(1997) where gills assigned to a thoracic somite are la
beled according to associated thoracic appendages. For 
brevity, maxillipeds 1-3 and pereiopods 1-5 are indicated 
by M1-M3 and P1-P5, respectively. The description of 
setal systems is based on Felgenhauer (1992) and Watling 
(1989). 

RESULTS 

Branchial Morphology 

The mud lobster T. anomala has paired 
arthrobranchs (anterior and posterior) articu
lating on the arthrodium of M2-P4 (Figs. IB, 
2, Table 1). Podobranchs arise singly from the 
coxae of M2-P3. Podobranchs are well de
veloped on M2-P2, rudimentary on P3, and 
lost on P4. Setiferous epipods are present on 
M2-P4, increasing in length posteriorly, with 
the P4 epipod being twice as long as the M2 
epipod. The setiferous epipods originate on 
the same base as the podobranchs (Fig. 2), 
both projecting posteriorly, and filling the 
ventral periphery of the branchial chamber. 
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Fig. 1. Thalassina anomala Herbst, 1804. External (A) and internal (B) view of the branchial chamber showing 
phylloid (PH) and filamentous (FI) gills and the posterior edge of scaphognathite (SC) bearing long multidenticulate 
setae (MSS). Scale number in cm. 

Overall, the mud lobster has 12 arthrobranchs 
and 5 podobranchs (rudimentary podobranch 
on P3 included) in the gill chamber. Pleuro-
branchs are lacking. Gills and an epipod are 
absent on P5. 

The gills of T. anomala consist of two fil
ament forms, cylindrical (filamentous type) 
and compressed (phylloid type) (Figs. IB, 2). 
Both filament forms cooccur in all arthro
branchs and podobranchs. The phylloid fila-
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CSF 

Fig. 2. Schematic diagram of the branchiae and setif-
erous processes associated with the second pereiopod of 
Thalassina anomala Herbst, 1804. Left is anterior part. 
1, arthrobranchs (anterior and posterior); 2, podobranch; 
3, epipod; 4, setobranch setae; 5, outer short coxal setae; 
6, arthrodial lamellae bearing setae; PH-phylloid gill fil
aments; Fl-filamentous gill filaments; TS-thoracic stern-
ite; CSF-coxal setal fringe; C-coxa. Scale: 5 mm. 

ments are longer but obviously have thinner 
cuticle than the filamentous filament. The lat
ter filaments are enveloped in transparent ep
ithelial sheaths. Within the branchial cham
ber, the phylloid filaments of arthrobranchs 
project upright, filling most of the branchial 
space, while the filamentous type protrude nu
merously on the basal section of the gill shaft 
and, together with the podobranchs, form 
stacks of filaments guarding the ventral pe
riphery of the branchial chamber (Fig. IB). 

Gill-cleaning Processes and Setal Systems 

Scaphognathite Setae.—A long scapho
gnathite arises from the second maxilla, ex
tending posteriorly into the anterior branchial 
chamber (Fig. IB). The posterior end of the 
scaphognathite is ornamented with long setae 
(Fig. 3A, B) bearing digitate scale setules 
(Fig. 3C). The multidenticulate scapho
gnathite setae (MSS), following Suzuki and 
McLay (1998), project from supracuticular 
sockets on the scaphognathite margins and 
extend as far as the phylloid filaments of P4 
gills, which arch posteriorly following the mar
ginal curvature of the branchial chamber. In 

addition, the dorsodistal margin of the tip of 
each scaphognathite bears four short smooth 
setae with hooked tips (Fig. 3B). Both setal 
types on the scaphognathite lack an annulus. 

The scale setules of the MSS differ in dig-
itation pattern and inclination along the setal 
shaft. The digitation pattern is angular prox-
imally and gradually becomes linear on the 
distal part of the setal shaft. The angular dig
itate scales are randomly distributed on the 
proximal part of the setae and incline toward 
the setal base (Fig. 3E). The linear digitate 
scale setules become denser distally and in
cline toward the setal tip (Fig. 3F). The dis
tal scale setules form V-shaped generative 
lines on the shaft, which appear to spiral at 
low magnification (Fig. 3C). The mixture of 
oppositely inclined scales (transition zone) 
generally occurs midlength along the setal 
shaft. The MSS taper and become serrated 
distally (Fig. 3D). 

Coxal Setal Systems.—Four setal types aris
ing on thoracic coxae are distinguished; long 
and short setal groups on the dorsolateral sur
face of the coxa, the setal fringe on coxal 
margins, and the setal tufts on arthrodial 
lamellae (Fig. 2). 

The dorsolateral setae are found in two dis
tinct locations on M3 and P1-P4, an inner 
group of long multidenticulate setae (Figs. 2, 
4) and an outer group of short annulate ser
rate setae (Figs. 2, 5A-F). Both setal groups 
lie close to the epipodal base, with decreas
ing setal density posteriorly. The coxal sur
faces do not show prominent papillar or tu
bercular formation, or setobranchs in the 
sense of Borradaile (1907), which abound in 
carideans and astacids (Bauer, 1981, 1998). 
By virtue of their morphology and location, 
we term the long multidenticulate setae "se
tobranch setae." These setobranch setae in
sert into gill filaments (Figs. 4A, 6A) and 
their digitate scale setules imply a gill-clean
ing function (Bauer, 1981, 1998). The setae 
arise from basal sockets on the coxa (Fig. 
4-1), thus allowing them to move flexibly 
when jostled. The digitate scale setules of the 
setobranch setae also vary in shape and ori
entation along the shaft (Fig. 4). One twen
tieth of the setal length from the base is naked 
and without an annulus (Fig. 4-1), after which 
scale setules appear and incline proximally 
(Fig. 4-2). A transition zone of setule incli
nation spans a region nearly equal to one-fifth 
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Fig. 3. Thalassina anomala Herbst, 1804. A, posterior edge of scaphognathite (arrow) with multidenticulate setae; 
B, proximal view of multidenticulate scaphognathite setae (MSS) and smooth setae with hooked tips (arrowheads); 
C, V-form arrangement of scale setules on distal part of MSS showing spiral appearance (black arrow); D, MSS 
scale setules and serrate tip (white arrow); E, proximal scale setules of MSS showing digitation pattern (angular 
type) and inclination (arrowhead points to base of seta); F, distal MSS scale setules with linear digitation pattern and 
inclination to seta) tip (arrowhead points to tip of seta). Scale bars: A = 749 ^im; B = 231 ^im; C = 86 ^im; D = 43 
^im; E = 10 ^im: F = 4 ^im. 

of the setal shaft (Fig. 4-3 to 4-5), thereafter 
the scale setules incline distally until the se
tal tip (Fig. 4-6 to 4-8). Setule density in
creases from base to tip. 

The outer short setae (Fig. 5A) are serrate 
and project from cuticular sockets (Fig. 5B) 
on the coxal surface. The proximal part of the 

seta is naked (Fig. 5C) and bears an annulus 
(Fig. 5D), followed by a linear series of spini-
form serrules which is interrupted by a short 
naked trunk halfway along the length (Fig. 
5E). The spiniform serrules branch out in two 
opposite generative lines along the shaft and 
are oriented toward the setal tip (Fig. 5F). The 
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Fig. 4. Thalass'um anomala Herbst, 1804. A, multidenticulate setobranch setae on coxa, with magnified sections 
(1-8) of setal shaft. Arrows point to approximate position of magnified sections. Arrowheads in 2-7 point toward 
base of seta. Scale bars: A = 784 ^im; 1 = 70 ^im; 2-4 = 23 ^im; 5, 6 = 22 ^im; 7, 8 = 20 ^im. 

Fig. 5. Thalassina anomala Herbst, 1804. A, outer tuft of serrate setae on coxa (arrowhead) of fourth pereiopod. 
Note small lobular protrusion (white arrow), gill filaments (GF) of arthrobranch, and proximal pappose setae (PS) 
on basal part of epipod CE); B, C, base of serrate setae showing naked proximal part and sockets; D, annulus (ar
row); E, naked trunk interrupting serrate part; F, spiniform serrules on distal part of seta. Scale bars: A = 737 ^im; 
B = 230 ^im: C = 120 ^im: D = 23 ^im; E = 59 ^im; F = 22 ^im. 
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Fig. 6. Thalassina anomala Herbst, 1804. A, setiferous epipod (E) on coxa of first pereiopod. Left is ventral part. 
Note multidenticulate epipodal setae (ES) inserted into gill filaments (GF) of podobranch. White arrows point to se
tobranch setae inserted through gill filaments; B, digitate scale setules and serrate tip of multidenticulate setae on 
distal end of epipod; C. magnified view of setal shaft with digitate scale setules; D, inner surface of branchiostegite; 
E, inner margin of branchiostegite showing subterminal smooth setae (arrowheads pointing to setal base) and termi
nal plumose carapace fringe setae; F, smooth setae on grooved surface of thoracic epimera, CSF-coxal setal fringe; 
SC-scaphognathite. Scale bars: A = 750 |im; B = 30 |im; C = 10 |im; D = 150 |im; E = 717 |im; F = 299 |im. 

serrate coxal setae are on the average about 
one-tenth of the length of the setobranch se
tae. The spiniform serrules give the seta a 
comblike appearance which contrasts with the 
typical setulation of plumose or plumoden-
ticulate setae (Watling, 1989). 

Posterior to the arthrobranch articulation on 
P2-P4, two small lamellar processes extend 
from the arthrodial membrane whose distal 
margins bear pappose setae (Fig. 2). The mar
gins of the coxae also have dense pappose se
tae, herein called coxal setal fringe (CSF) 
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Fig. 7, Left fifth pereiopod of Thalassina anomala 
Herbst, 1804. Scale: 5 mm. 

(Fig. 6A), which form a setal network around 
the limb bases. The CSF and the setae on the 
arthrodial lamellae may have an antifouling 
function by serving as a filter screen for in
halant water entering the branchial chamber. 

Setiferous Epipods.—The setiferous epipods 
bear a few pappose setae near the base, fol
lowed by multidenticulate setae with serrate 
tips (Figs. 2, 5A, 6A, B) which extend until 
the posterior edge where they are longest. The 
posterior edge of each epipod bears 12 long 
setae. The podobranchs articulate on the in
ner basal part of the epipods. Proximal to the 
point of articulation of the podobranch there 
is a small lobular protrusion from the proxi-
modorsal surface of the epipod. This lobe is 
also present on the P4 epipod where the 
podobranch is lost (Fig. 5A). The scale se-
tules of multidenticulate epipodal setae show 
similarity in digitation and inclination with 
those of MSS setules, but do not exhibit the 
V-form arrangement on the distal part of the 
shaft. The multidenticulate setae on the pos
terior end of the epipod insert into and inter
twine with the filaments of the podobranchs 
and the basal part of the arthrobranchs lying 
posterior to the epipod. 

Branchiostegal Setae.—The inner bran-
chiostegal surface lacks setae (Fig. 6D), ex
cept for a line of singly protruding, widely 
spaced smooth setae on the inner margins of 
the branchiostegite. The carapace fringe has 
dense plumose setae which may serve as a fil

ter screen for inhalant respiratory water (Figs. 
lA, 6E). 

Epimeral Setae.—The thoracic epimeron (in
ner wall of the branchial chamber) has 
grooved surfaces which are lined with short 
smooth setae (Fig. 6F). The microgrooves ex
tend ventrally down the limb bases and most 
likely channel the inflow of respiratory wa
ter into the branchial chamber. Direct in
volvement in gill cleaning by epimeral setae 
is not impossible, but is virtually limited to 
scraping of the phylloid filaments upon con
tact with the epimeral surface. 

Aquarium Observations 
In aquarium observations spanning 23 h, 

no active gill-cleaning behavior involving the 
thoracic limbs was observed. However, 
grooming of other body parts was regularly 
exhibited by M3 (on antennae and antennules, 
autogrooming), P3 (mostly on meral-carpal 
laterals of M3, PI, and P2), P4 (on meral-
carpal laterals of P3 and the lateral side of the 
carapace, including the hepatic groove setae 
located anterolaterally), and P5 (ventral side 
of the abdomen and telson). Thalassina 
anomala exhibited reversed respiratory flow 
as indicated by intermittent expulsion of a de
bris-laden, brownish stream behind the cara
pace. This activity was accompanied by re
peated contraction of the branchiostegite 
while the animal was at rest. Limb rocking 
was not observed. 

Though the P5 of certain upogebiids and 
callianassids (Bauer, 1989), as well as por-
cellanid and lithodid anomurans (Pohle, 
1989b; Fleischer et al., 1992) was used for 
gill cleaning, that of T. anomala (Fig. 7) was 
used mainly for walking and for grooming the 
ventral side of the abdomen and telson. In this 
process, the abdomen stretches horizontally 
or curls down ventrally while the pair of P5 
simultaneously reach backward and scrub the 
underside of the abdominal pleura, telson, and 
pleopods using the pad of dactylar setae. The 
dactyl of P5 tapers distally and is fringed 
mostly with multidenticulate setae having 
brushlike tips. The achelate P5 of T. anom
ala articulates on a movable stemite, allow
ing for easy anteroposterior mobility. This 
suggests a morphological advantage for ab
dominal grooming and, possibly, for limb ma
neuvering within burrows. The P5 is more 
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cylindrical than the other pereiopods, which 
exhibit lateral compression. 

DISCUSSION 

There are three basic gill types in the deca
pods : dendrobranchiate, phyllobranchiate, 
and trichobranchiate. The dendrobranchiate 
gill has paired lateral branches arising from 
the central gill axis, with secondary rami pro
truding from the lateral branch. The tricho
branchiate gill has serial filamentous branches 
arranged around the central axis, without sec
ondary rami. The phyllobranchiate gill has 
flat lamellar branches set in two rows and sep
arated by a longitudinal furrow. Thalassinids 
have both phyllobranchiate and tricho
branchiate gills, and one gill form not fitting 
either category has been termed thalassino-
branchs (Martin and Abele, 1986). In some 
genera of thalassinids, the trichobranchiate 
gill filaments may be extremely flattened 
(phylloid type) or cylindrical (filamentous 
type) (Astall et al, 1997). Both phylloid and 
filamentous filaments cooccur in a single gill 
axis in Thalassina anomala. Bate (1888) noted 
this bimorphic gill structure of T. anomala and 
speculated that the phylloid filaments occur in 
that part of the branchial chamber where res
piratory circulation is more "quiescent." 

Variations in gill form have caused classi-
ficatory confusion in thalassinids (Astall et 
al, 1997). The gill form of the mud lobster 
seems intermediate between the purely fila
mentous gills of Calocaris macandreae Bell, 
1853, and Upogebia spp., and the phylloid 
gills of Callianassa subterranea Montagu, 
1808, and Jaxea nocturna Nardo, 1847, all 
thalassinid species previously examined by 
Astall et al (1997). In the genus Ambiaxius 
Sakai and de Saint Laurent, 1989, which is 
closely related to Calocaris Bell, 1853, the 
gills lack lateral branches and have been re
duced to a single lobe or lamella (Kensley, 
1996). Trichobranchiate gills are viewed to 
have evolved into phyllobranchiate gills in 
thalassinids (Martin and Abele, 1986; Suzuki 
and McLay, 1998). Bate (1888) conjectured 
that the filamentous "trichobranchial filaments" 
and compressed "phyllobranchial plates" of the 
mud lobster had a conmion origin. 

In thalassinids examined by Astall et al 
(1997), the filamentous and phylloid gill 
forms were structurally trichobranchiate, al
though cuticular differences were recognized. 
The thinner cuticular membrane of phylloid 

filaments reportedly increases the efficiency 
of gas exchange and, among thalassinids, the 
larger gill areas of deposit feeders have been 
interpreted as an adaptation to hypoxic con
ditions within burrows (Astall et al, 1997). 
Though burrow life seems to impose serious 
respiratory limitations, Bauer (1981) pro
posed that burrowing in itself is an antifoul-
ing mechanism through exoskeletal abrasion 
and substrate smothering, which limit epizoic 
growth. 

Bauer (1981, 1989) classified grooming be
haviors into active (direct) and passive (in
direct) types based on whether the functional 
mechanism is intentional or incidental, re
spectively. Active gill cleaning in decapods 
has been attributed to pereiopodal brushes 
and the passive mechanisms to setiferous 
processes arising from thoracic limb bases, 
e.g., setiferous epipod and epipod-setobranch 
complexes with few references to posterior 
scaphognathite setae and branchiostegal se
tae (Bauer, 1981, 1998). Active and passive 
mechanisms are believed to be mutually ex
clusive (Bauer, 1981; Suzuki and McLay, 
1998), with the exception of hippolytid 
carideans where both passive and active 
mechanisms cooccur in many genera. In the 
Thalassinida, axiids have setobranchs but do 
not brush their gills with pereiopods, while 
callianassids and upogebiids perform active 
brushing but lack setobranchs (Bauer, 1981). 

By inference from morphology, the setal 
systems of T anomala may have filtering or 
gill-cleaning functions. Bauer (1981, 1989) 
noted a distinction between the filtering 
mechanisms, which prevent particles from 
reaching and fouling the gills, and the passive 
grooming or cleaning mechanisms, which in
directly scrape the gill surfaces. In Thalassina 
anomala, a filtering function is ascribed to the 
pappose setae on the limb bases and the 
plumose setae on the branchiostegal fringe. 
Passive gill cleaning is attributed to the mul-
tidenticulate and serrate setae on the scaphog
nathite, coxal surfaces, and epipods. Multi-
denticulate, serrate, pappose, and plumose se
tal types are all considered typical grooming 
and antifouling structures in decapods (Bauer, 
1989; Pohle, 1989b; Fleischer et al, 1992). 

Astall et al (1997) demonstrated that the 
branchial ventilation pattern in thalassinids 
generally follows the posterior-anterior flow 
route where scaphognathite beating draws 
respiratory water into the branchial chamber 
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primarily via the ventrolateral margins of the 
carapace. Minor inhalant routes also take 
place between the limb bases where pappose 
setae densely line the coxal margins. Thus, 
the inhalant stream is likely filtered by fringe 
setae before it is circulated through the gill 
chamber. Bauer (1979) noted the filtering 
function of setal screens and suggested a 
mesh size lower limit beyond which respira
tory flow may be severely impeded. The mud 
lobsters showed severe fouling of carapace 
fringe setae with fine debris. 

Reversal of respiratory flow is common in 
decapods and is aimed at back-flushing de-
trital materials from the branchial chamber 
(Martin and Felgenhauer, 1986; Bauer, 1989). 
Wilkins and McMahon (1972) suggested a 
mechanism whereby branchiostegal fringe se
tae may trigger a respiratory reversal in 
homarid lobsters. Bauer (1979) noted that 
tightly closed branchial chambers likely ex
hibit strong respiratory reversals to clean the 
gills. The plumose setae bordering the 
scaphognathites of certain thalassinids are 
thought to increase the efficiency of current 
generation in the branchial chamber (Nickell 
et al, 1998). Carapace movements associated 
with the back-flushing of branchial water are 
recognized in brachyurans (Maitland, 1992). 
McMahon and Wilkins (1983) previously 
noted the respiratory and ionoregulatory im
plications of respiratory reversal. 

In the mud lobster, as in other decapods 
(Bauer, 1981, 1989), gill cleaning results 
from the incidental agitation of setal systems 
during movement of surfaces, such as limb 
coxae and scaphognathites. Setobranch and 
epipod setae passively scrape on gill surfaces 
during limb movement and scaphognathite se
tae are jostled as the scaphognathite beats vig
orously during branchial ventilation (Bauer, 
1981,1989; Suzuki and McLay, 1998). When 
jostled, multidenticulate scaphognathite setae 
(MSS) probably scrape on phylloid gills and 
the inner branchiostegal surface. Hence, MSS 
may intensively clean these parts due to the 
constant scaphognathite action during respi
ration. In Jaxea nocturna, Nickell et al. 
(1998) recognized the functional significance 
of scaphognathite and coxal setae in gill 
cleaning and that these setae reportedly elim
inate the necessity of active pereiopodal 
brushing. 

Suzuki and McLay (1998) noted that MSS 
first appeared in carideans, subsequently was 

lost in intervening sister groups, and reap
peared in homarids, astacids, and thalassinids 
(axiids, laomediids, and callianideids). These 
setae were considered as an ancestral state 
of the Pleocyemata, and a synapomorphy of 
the carideans, on the one hand, and the group 
of homarids, astacids, thalassinids, and 
brachyurans, on the other. MSS have been 
lost in anomalans which exclusively clean the 
gills by the fifth pereiopods. 

The setobranch setae of mud lobsters re
semble those found in carideans, axiids, and 
astacids by the possession of digitate scale se-
tules (Bauer, 1981, 1989, 1998). Martin and 
Felgenhauer (1986) noted striking conver
gences among setal types, citing the identi
cal setae in aeglids and hermit crabs. The 
grooming setae on the fifth pereiopods of por-
cellanid and lithodid anomurans also showed 
certain similarities (Pohle, 1989b; Fleischer 
et al, 1992). Nickell et al (1998) noted the 
multidenticulate setae on the maxillipedal 
coxae of J. nocturna which were termed "se-
tobranchs" by several authors. Homologous 
grooming setae in the crayfish were termed 
"coxopoditic setae" by Huxley (1880) and 
"setobranchs" by Taylor and Taylor (1992). 
Originally, the term setobranch referred to 
setiferous tubercles or papillae on the coxa 
(Borradaile, 1907), but several authors have 
used it in referring to the setae arising from 
the papilla (Bauer, 1979). Though lacking any 
prominent tubercle on the coxa, we consider 
the long multidenticulate coxal setae in the 
mud lobster as setobranch setae by virtue of 
functional morphology. These setobranch se
tae closely resemble the MSS and such struc
tural similarity was also observed in /. noc
turna (Nickell et al, 1998). In the fresh-wa
ter crayfish Procambarus clarkii, Bauer 
(1998) experimentally demonstrated that the 
multidenticulate setobranch setae truly func
tion in gill cleaning. However, setobranch se
tae may be efficient only in countering par
ticulate fouling but not parasite infestation 
of gills. 

Scale setules give the setae a brushlike 
character (Bauer, 1989; Watling, 1989; Nick
ell et al, 1998). We thus relate the opposing 
inclination and distinctive arrangement of 
scale setules of multidenticulate setae to 
scrubbing efficiency. Scaphognathite pump
ing agitates the setal shaft, conceivably 
strongest at the distal part, and causes scrap
ing of gill surfaces. This may justify the pre-
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ponderance of scale setules more distally on 
the setal shaft. In Thalassina anomala, the 
V-form arrangement of digitate scale setules 
on MSS is very atypical and has not been 
recorded in other species. Pohle (1989b) de
scribed the brush setae on the grooming fifth 
pereiopods of some lithodid crabs which con
sist of two rows of pointed denticules located 
ventrally and dense digitiform setules located 
dorsally on the setal shaft. This peculiar or
namentation of the brush setae, which have 
scraping and rasping functions, is also at
tributed to increasing the efficiency of groom
ing (Pohle, 1989b). 

Among thalassinids, T. anomala joins the 
axiids in having passive gill-cleaning mech
anisms. The absence of pereiopodal gill 
cleaning in both is probably constrained by 
the tightly fitting carapace which prevents in
sertion of thoracic limbs (cf. Nickell et al, 
1998; Bauer, 1989). However, related tha-
lassinid-like callianassids and upogebiids 
have lost setobranchs and setiferous epipods, 
and have developed active gill-cleaning 
mechanisms primarily through the use of the 
fifth pereiopods (Bauer, 1981). This indicates 
that r. anomala and axiids are ancestral to 
callianassids and upogebiids (cf. Bauer, 1981; 
Nickell et al, 1998). Konishi (1989) has con
cluded that the upogebiids display an "inter
mediate condition" between the primitive axi
ids and advanced laomediids, based on mor
phological diagnosis of larval specimens. If 
the phylloid gills are considered a recent dif
ferentiation of trichobranchiate gills, as spec
ulated by Bate (1888), then gill form does not 
seem to correlate with the type of gill-clean
ing mechanisms in thalassinids. Suzuki and 
McLay (1998) similarly concluded the ab
sence of association between gill types and 
gill-cleaning mechanisms among the major 
decapod groups. The occurrence of active and 
passive gill cleaning in thalassinids may in
dicate the phyletic transition from purely pas
sive (gill cleaning) in astacids and the purely 
active mechanisms in anomalans. 
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