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ABSTRACT

Until recently, three subspecies had traditionally been recognized in the
astacid species Pacifastacus leniusculus (Dana, 1852): Pacifastacus leniusculus
leniusculus, Pacifastacus leniusculus klamathensis (Stimpson, 1857), and
Pacifastacus leniusculus trowbridgii (Stimpson, 1857). The type specimens
attributed to these taxa were re-described with detailed illustrations of
taxonomic characteristics for further taxonomic works.
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INTRODUCTION

The signal crayfish, Pacifastacus leniusculus (Dana, 1852), is an indigenous
species in western North America (Hobbs, 1974; Larson and Williams,
2015). The species has traditionally been regarded to include three subspecies
Pacifastacus leniusculus leniusculus, Pacifastacus leniusculus klamathensis
(Stimpson, 1857) and Pacifastacus leniusculus trowbridgii (Stimpson, 1857)
(see Miller, 1960), but their identity has often been a subject of taxonomic
debate (Riegel, 1959; Agerberg, 1990; 1993; Agerberg and Jansson, 1995;
Sonntag, 2006). Although cryptic diversity across the geographical scale of
this taxon was noticed (Larson et al., 2012), no subspecies are recognized
in the recent global checklist of crayfishes (Crandall & De Grave, 2017).
However, the original descriptions of the three subspecies are very brief and
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figures are limited to the illustrations of the whole body
of P.1. leniusculus (cf. Dana, 1852; Stimpson, 1857). This
is considered to be inadequate for a future taxonomic
work and a more detailed description of the respective
types or museum specimens, as well as illustrations of
body parts, are deemed necessary.

This paper provides a detailed description along with
illustrations of the taxa, based on their type specimens.
As carapace morphology (including rostrum) is
considered to be very important to discriminate the
three taxa (Miller, 1960; Hobbs, 1972), illustrations
of their carapace and other taxonomically important
characteristics are presented.

Measurements of crayfish structures followed Hobbs
(1972) and were made to the nearest 0.1 mm with a
precision dial caliper and an eye-piece micrometer
installed on a stereomicroscope. Abbreviations used in
the text are: POCL, postorbital carapace length; TCL,
total carapace length; USNM, National Museum of
Natural History, Smithsonian Institution, Washington,
D.C.; SMF, Forschungsinstitut und Naturmuseum
Senckenberg, Frankfurt.

Pacifastacus leniusculus leniusculus
(Dana, 1852)
(Figs. 1,2; Tab. 1)

Description of the syntypes. Eye large (diameter 3.4
mm). Cephalothorax (Fig. 1A) subcylindrical, thoracic
section dorsoventrally depressed, feebly tuberculated
dorsally and dorsolaterally, cephalic section laterally
with moderately large tubercles, areola 2.0 times as
long as wide, constituting 28.5 % of TCL (38.9 % of
POCL). Rostrum (Fig. 1B, C) non-serrate, margins
converging from base to base of acumen, broad at base
and lacking median carina, with moderately elevated,
slightly thickened margins bearing tubercles, weakly
converging to base of acumen, with single right (left 1)
marginal tubercles; length of acumen greater than
width of rostrum at level of marginal spines, margins
not constricted at base of acumen, more strongly
converging and moderately concave to dorsally directed
apex, tip reaching cephalic to distal margin of antennal
scale and not reaching distal margin of penultimate
podomere of antennular peduncle, acumen comprising
46.8 % of rostrum length, latter comprising 30.5 %
of TCL; floor (dorsal surface) of rostrum minutely
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punctate, suborbital ridge not visible in dorsal aspect,
postorbital ridge moderately developed, poorly
defined dorsally, with dorsolateral groove, spiniform
cephalically and pair of spines at posterior bases.

Carapace as wide as the greatest width of abdomen.

Abdominal pleuron subangular (Fig. 1D) with
margins slightly rounded, surface punctate, terga
slightly punctate, articular surfaces glabrous. Proximal
podomere of uropod (Fig. 2K) with small caudolateral
spine on lobe, larger spine on mesial lobe; mesial
ramus of uropod with moderate caudolateral spine,
and strong median ridge terminating in moderate,
submarginal caudomedian spine, lateral ramus of
uropod with caudolateral spine; telson with two spines
at each caudolateral corner of cephalic section, having
transverse suture.

Incisor region of mandible blade-like (Fig. 2B).
Antennal scale (Fig. 2C) 2.3 times as long as broad,
widest at midlength. Third maxilliped (Fig. 2D) with
tip of endopodite extending nearly to distal margin
of penultimate podomere of antennal scale peduncle;
mesial margin of merus (Fig. 2E) with row of spines,
and that of distal end largest; tip of basal podomere
of exopodite extending beyond midlength of merus
of endopodite, longitudinal ridge of ventrolateral
margin of ischium with punctate row, ventrolateral
half of ischium punctate, distolateral corner with small
tubercle, ventromesial half with long, obscuring bristles
on mesial margin, latter with denticles, distomesial
corner having large spine.

Epistome (Fig. 2A) with wide, nearly semicircular
cephalic lobe, lateral margins of lobe moderately
thickened, slightly elevated ventrally, floor (ventral
surface) of lobe plane, covered finely punctate, lacking
setae; subtruncate lateral corners, lamellae small,
punctate; central depression of body broad, fovea
weak, lacking spine or ridge posterior to renal papilla;
zygoma slightly arched, cephalolateral margins flanked
by usual pits.

Total length of cheliped 80.3 % of TCL, mesial
margin of palm (Fig. 1E) 0.7 times wider than long,
1.3 times wider than deep, articular ridge strong,
dorsal and ventral surfaces punctate, lacking tubercles,
distolateral part with weak depression and moderate
pits, not costate, articular ridge strong. Fingers of
chela not gaping; opposable surface of fixed finger

with row of 13 moderate tubercles; lateral surface




Kawai Museum specimens of Pacifastacus

Figure 1. Pacifastacus leniusculus leniusculus (Dana, 1852): all figures from syntypic male (USNM 44408). A, Dorsal view of
carapace; B, dorsal view of rostrum; C, cephalolateral view of carapace; D, lateral view of second to fourth pleonal somites; E, dorsal

view of left cheliped. Scale bars = 2 mm.
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Figure 2. Pacifastacus leniusculus leniusculus (Dana, 1852): all figures from syntypic male (USNM 44408). A, Epistome and base
of antennae; B, distocaudal view of denticle of mandible; C, dorsal view of antennal scale; D, ventral view of third maxilliped; E,
dorsal view of merus of third maxilliped; F, proximal podomeres of pereiopods; G, mesial view of first pleopod; H, lateral view of

first pleopod (gonopod); I, ventral view of first pleopod; J, ventral view of distal portion of first pleopod; K, dorsal view of telson
and uropods. Scale bars = 2 mm, except B = 0.5 mm.

Nauplius, 26: 2018001
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moderate, not having costation and row of tubercles,
dorsal surface and ventral surface with tuft of setae
originating from pits, lacking longitudinal ridge. Fixed
finger dorsolaterally with very weakly costate, dorsal
and ventral surfaces with tuft of setae originating from
pits, lacking longitudinal ridge, opposable surface with
row of 19 conical and equal size tubercles. Dactyl of
chelae 1.9 times as long as mesial margin of palm,
comprising 56.6 % of total chela length, dorsal surface
of dactyl lacking longitudinal ridge, mesial surface with
seta originating from pits, ventral surface punctate,
lacking ridge; opposable surface with single row of
equal size tubercles. Carpus of cheliped 1.3 times as
long as wide, 1.1 times length of mesial margin of palm,
dorsal surface with long, slightly oblique sulcus, surface

lateral and mesial sides along sulcus with pits, mesial
surface of carpus with large, strong tubercles, ventral
surface with conical distal mounds, distomesial one
tipped with spine. Merus of cheliped 2.2 times longer
than greatest depth, length 35.1 % of TCL.

Lacking hook on ischia of pereiopods (Fig. 2F).
Gonopods (first pleopods) (Fig. 2G-I) of male
symmetrical in caudal aspect, well developed, distal
portion (Fig. 2J) rolled and contracted to form narrow
tube, lacking lobes apically. Length of tubular part
3 times longer than gonopod length; distal portion
converging to tip, lacking distal portion corneous.

Deposition and type locality. The syntypic series is
comprised of three males: male #1 (USNM 2161),

Table 1. Measurements (mm) of the syntypes of Pacifastacus leniusculus leniusculus (Dana, 1852) deposited at the National Museum
of Natural History (USNM) and male specimen of P. leniusculus klamathensis (Stimpson, 1857) deposited at the Forschungsinstitut

und Naturmuseum Senckenberg (SMF).

Structures Male#1 Male#2 syntype Male #3 syntype Male#3
syntype USNM 2161 USNM 2019 USNM 44408 SMF 1437
Carapace
Total length 30.0 - 45.6 42.0
Postorbital length 21.2 34.6 334
Length cephalic 29.1 - 32.6
Width 214 21.3 21.8
Depth 10.8 14.2 16.1 16.9
Length rostrum 8.9 - 13.9
Length acumen 4.2 - 6.5
Length areola 8.2 12.8 13.0
Width areola 4.2 6.9 6.5
Antennal scale
Length 6.9 10.3 9.6
Width 2.7 4.4 4.1
Abdomen
Length 28.1 41.6 41.7
Width 13.0 20.9 20.4 134
Cheliped
Length lateral 21.7 33.3 36.6 38.0
margin chela
Length mesial 6.8 9.4 11.1 12.5
margin palm
Width palm 8.6 12.3 152
Depth palm 4.8 6.4 8.3 9.8
Length dactyl 11.7 20.1 20.7 21.8
Length carpus 6.8 10.9 12.0
Width carpus 5.8 8.2 9.6
Length dorsal 9.0 16.2 16.0 17.8
margin merus
Greatest depth S.0 7.9 7.4
merus
Gonopod length 8.3 11.2 12.5 10.8

Nauplius, 26: 2018001
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male #2 (USNM 2019) and male #3 (USNM 44408)
from Columbia River and Puget Sound, Washington
(Dana, 1852; Hobbs, 1974).

Pacifastacus leniusculus klamathensis
(Stimpson, 1857)
(Figs. 3,4; Tab. 1)

Description of male. (Male#3, SMF 1437).
Cephalothorax (Fig. 4A) subcylindrical; thoracic
section dorsoventrally depressed, feebly tuberculated
dorsally and dorsolaterally, cephalic section laterally
with moderate tubercles. Rostrum (Fig. 4B) non-
serrate, margins converging from base to base of
acumen, broad at base and lacking median carina, with
moderately elevated, slightly thickened margins and
tubercles, latter weakly converging to base of acumen,
with single right side (left 1) weak marginal tubercles,
more strongly converging and moderately concave to
dorsally directed apex, tip of which reaching cephalic
to distal margin of antennal scale and not reaching
distal margin of penultimate podomere of antennular
peduncle, length of acumen seldom equal to width of
rostrum at level of marginal tubercles, floor (dorsal
surface) of rostrum with small spots, suborbital ridge
not visible in dorsal aspect, postorbital ridge rounded,
poorly defined dorsally, with dorsolateral groove and
not having tubercles at posterior bases.

Carapace 1.3 times wider than greatest width of
abdomen, abdominal pleura with margins subangular
(Fig. 4D), terminal slightly rounded, surface punctate,
terga slightly punctate, articular surfaces glabrous.
Proximal podomere of uropod with small caudolateral
spine on lobe, larger spine on mesial lobe, mesial ramus
of uropod with moderate caudolateral spine, and strong
median ridge terminating in moderate, submarginal
caudomedian spine, lateral ramus of uropod with
caudolateral spine.

Epistome (Fig. 4E) with wide, nearly semicircular
cephalic lobe bearing very small cephalomedian
projection, lateral margins of lobe moderately
thickened, slightly elevated ventrally, floor (ventral
surface) of lobe plane, covered with very small marks,
lacking setae; lamellae small, punctate, subtruncate
lateral corners, lacking spine or ridge posterior to renal
papilla; central depression of body broad, fovea weak,
zygoma slightly arched, cephalolateral margins flanked
by usual pits.
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Third maxilliped with tip of endopodite nearly
extending to distal margin of penultimate podomere
of antennal scale peduncle; tip of basal podomere of
exopodite extending beyond midlength of merus of
endopodite; mesial margin of merus (Fig. 4F) with
two spines, spine of distal end larger; longitudinal ridge
of ventrolateral margin of ischium with row of marks,
ventrolateral half of ischium punctuate, distolateral
corner with small tubercle, ventromesial half with
long, obscuring bristles on mesial margin, latter with
denticles, distomesial corner having larger spine.

Total length of cheliped 90.5 % of TCL, mesial
margin of palm (Fig. 4C) 1.3 times wider than deep,
articular ridge strong, dorsal and ventral surfaces
punctate, lacking tubercles, distolateral part with
weak depression and moderate punctuations marks,
not costate, articular ridge strong. Fingers of chela
not gaping, lateral surface not costate and row of
tubercles, dorsal surface and ventral surface with tuft
of seta originating from marks, lacking longitudinal
ridge, opposable surface of fixed finger with row of
moderate tubercles. Fixed finger dorsolaterally very
weakly costate, dorsal and ventral surfaces with tuft of
seta originating from marks, lacking longitudinal ridge,
opposable surface with row of conical and equal size
tubercles. Dactyl of chelae 1.7 times as long as mesial
margin of palm, comprising 57.4 % of total chela length,
dorsal surface of dactyl lacking longitudinal ridge,
mesial surface with seta originating from marks, ventral
surface punctate, lacking ridge, opposable surface with
single row of equal size tubercles. Dorsal surface of
carpus with long, slightly oblique sulcus, surface lateral
and mesial to sulcus punctate; mesial surface of carpus
with large, strong tubercles; ventral surface with conical
distal mounds, distomesial one tipped with spine.
Merus of cheliped length 42.4 % of TCL.

Gonopods (first pleopods) (Fig. 4G) of male
symmetricalin caudalaspect. Second pleopod (Fig. 4H,I)
single stout shaft with deep suture near midlength,
exopodite originating from suture not reaching distal
margin of endopodite, palps originating on distal
portion of shaft.

Examined specimen and type locality. In the original
description, Stimpson (1857) noted that the type
locality is Lake Klamath and collected by Dr. Newberry.
The type series, however, is not extant, and Faxon
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Figure 3. Pacifastacus leniusculus klamathensis (Stimpson, 1857). Lot SMF 1437: current label, male #3, and female (upper); male
#3 (lower).
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Figure 4. Pacifastacus leniusculus klamathensis (Stimpson, 1857) (SMF 1437). A, Dorsal view of carapace; B, dorsal view of rostrum;
C, dorsal view of cheliped; D, lateral view of second to fourth pleonal somites; E, epistome and base of antennae; F, dorsal view of
merus of third maxilliped; G, ventral view of gonopod (first pleopod); H, mesial view of second pleopod; I, lateral view of second

pleopod. Scale bars = 2 mm.

Nauplius, 26: 2018001
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(1914: 409) mentioned that “probably destroyed in
the Chicago fire in 1871”.

Pacifastacus leniusculus klamathensis was originally
described as Astacus leniusculus, then Bott (1950)
revised their genus name into Pacifastacus based on
the specimen SMF 1437, which was collected from
Portland, Oregon (Fig. 3). The specimen is the name-
bearing type of the genus Pacifastacus.

Pacifastacus leniusculus trowbridgii
(Stimpson, 1857)
(Figs. S, 6; Tab. 2)

Description of the syntypes. Eye large (diameter
3.4 mm), cephalothorax (Fig. SA) subcylindrical,
thoracic section dorsoventrally depressed, feebly
tuberculated dorsally and dorsolaterally, cephalic
section laterally with moderate tubercles, areola 2.5
times as long as wide, constituting 33.9 % of TCL
(42.4 % of POCL). Rostrum (Fig. SB) non-serrate,
margins converging from base to base of acumen, broad
at base and lacking median carina, with moderately
elevated, slightly thickened margins and tubercles,
latter weakly converging to base of acumen, with single
right side (left 1) marginal tubercles, length of acumen
seldom equal to width of rostrum at level of marginal
spines, margins not constricted at base of acumen,
more strongly converging and moderately concave to
dorsally directed apex, tip of which reaching slightly
cephalic to distal margin of antennal scale and not
reaching distal margin of penultimate podomere of
antennular peduncle, acumen comprising 43.9 % of
rostrum length, latter comprising 21.4 % of TCL, floor
(dorsal surface) of rostrum with small marks, suborbital
ridge not visible in dorsal aspect, postorbital ridge
rounded or tuberculiform cephalically and with or
without low tuberculiform prominences at posterior
bases (Fig. SB, C).

Carapace (Fig. SA, B) 1.1 times wider than greatest
width of abdomen, abdominal pleura with margins
subangular (Fig. SE), terminal slightly rounded, surface
punctate, terga slightly punctuate, articular surfaces
glabrous. Incisor region of mandible dentate-crenate
(Fig. 6A). Proximal podomere of uropod (Fig. SF)
with small caudolateral spine on lobe, larger spine on
mesial lobe, mesial ramus of uropod with moderate
caudolateral spine, left lateral ramus of uropod with
caudolateral spine; telson with two (1 in left) spines

Nauplius, 26: 2018001

at caudolateral corner of cephalic section, lacking
transverse suture.

Antennal scale (Fig. 6B) 2.1 times as long as broad,
widest at midlength, lateral margin thickened and
terminating in long distal spine. Third maxilliped with
tip of endopodite extending nearly to distal margin of
penultimate podomere of antennal scale peduncle, tip
of basal podomere of exopodite extending beyond
midlength of merus of endopodite; mesial of merus
(Fig. 6C) with row of spines, spine of distal end
largest; longitudinal ridge of ventrolateral margin of
ischium with row of punctuations; ventrolateral half
of ischium punctate, distolateral corner with small
tubercle, ventromesial half with long, obscuring bristles
on mesial margin, latter with denticles, distomesial
corner having larger spine.

Total length of cheliped 107.6 % of TCL, mesial
margin of palm (Fig. SD) 0.9 times wider thanlong, 1.5
times wider than deep; articular ridge strong, proximal
margin well defined, ventral surface punctuated, lacking
tubercles, distolateral part with weak depression and
moderately punctate, not costate, articular ridge
strong. Fingers of chela not gaping, dorsal surface
and ventral surface with punctuation, not costate,
lacking longitudinal ridge, opposable surface of fixed
finger with row of 13 (9 left) moderate tubercles.
Fixed finger not costate, dorsal and ventral surfaces
punctate, lacking longitudinal ridge, opposable surface
with row of conical and equal size tubercles. Dactyl
of chelae 1.4 times as long as mesial margin of palm,
comprising 54.1 % of total chela length; dorsal surface
of dactyl lacking longitudinal ridge, mesial surface with
seta originating from marks, ventral surface punctate,
lacking ridge, opposable surface with single row of
equal size tubercles. Carpus of cheliped 1.1 times as
long as wide, 0.8 times length of mesial margin of palm,
dorsal surface with long, slightly oblique sulcus, surface
lateral and mesial to sulcus punctate, mesial surface
of carpus with large, strong spines, ventral surface
with conical distal mounds, distomesial one tipped
with spine. Merus of cheliped 1.8 times longer than
greatest depth, length 39.4 % of TCL; dorsal surface
with single row of large, small tubercles; ventrolateral
ridge with large, stout tubercles, ventromesial ridge
with stout, acute tubercles.

Ischia of pereiopods lacking hook (Fig. 6D).
Gonopods (first pleopods) (Fig. 6E) of male

9
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Figure 5. Pacifastacus leniusculus trowbridgii (Stimpson, 1857): all figures from syntypic male #1 (USNM 2080). A, Dorsal view of
carapace; B, dorsal view of rostrum; C, cephalolateral view of carapace; D, dorsal view of cheliped; E, lateral view of second to fifth

pleonal somites; F, dorsal view of telson and uropods. Scale bars = 2 mm.
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Figure 6. Pacifastacus leniusculus trowbridgii (Stimpson, 1857): all figures from syntypic male #1 (USNM 2080) except J, from
syntypic female #1 (USNM 2080). A, Distocaudal view of denticle of mandible; B, dorsal view of antennal scale; C, dorsal view of
merus of third maxilliped; D, proximal podomeres of pereiopods; E, mesial view of first pleopod; F, mesial view of distal portion of
first pleopod; G. lateral view of distal portion of first pleopod; H, mesial view of second pleopod; I, lateral view of second pleopod;
J, caudal thoracic sternal area of female. Scale bars = 2 mm, except A = 0.5 mm.

Nauplius, 26: €2018001 11
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Table 2. Measurements (mm) of the syntypes (USNM 2080) of Pacifastacus leniusculus trowbridgii (Stimpson, 1857).

Structures Male #1 Female #1 Male #2
Carapace
Total length 61.7 42.5 44.8
Postorbital length 49.3 33.0 339
Length cephalic section 40.8 29.1 31.0
Width 32.0 21.8 21.3
Depth 23.7 15.3 15.9
Length rostrum 13.2 9.2 11.5
Length acumen 5.8 4.9 5.0
Length areola 20.9 13.4 13.8
Width areola 8.3 5.2 7.2
Antennal scale
Length 10.3 7.9 9.8
Width S.0 3.9 3.6
Abdomen
Length 53.9 42.2 39.8
Width 28.8 24.3 19.7
Cheliped
Length lateral 66.4 35.8 42.3
margin chela
Length mesial 26.4 12.0 15.0
margin palm
Width palm 29.2 16.5 17.9
Depth palm 17.4 9.5 10.5
Length dactyl 35.9 18.9 23.1
Length carpus 20.0 12.0 13.7
Width carpus 184 11.3 11.7
Length dorsal 24.3 14.8 17.7
margin merus
Greatest depth 13.7 8.8 9.0
merus
Gonopod length 15.7 12.3 N/A
symmetrical in caudal aspect, well developed, distal ACKNOWLEDGEMENTS

portion (Fig. 6F, G) rolled and contracted to form
narrow tube, lacking lobes apically. Length of tubular
part 3 times longer than gonopod length; distal portion

The author thank Dr. Y. Hanamura for valuable
comments on an early version of the manuscript, Dr.

converging to tip, lacking corneous distal portion.
Second pleopod (Fig. 6H, I) single stout shaft with
deep suture near midlength, exopodite originating
from suture not reaching distal margin of endopodite,
palps originating on distal portion of shaft. Annulus
ventralis of female lacking (Fig. 6]).

Deposition and type locality. The syntypes of
P. leniusculus trowbridgii are 2 males and 2 females
(USNM 2080) collected by Lt. Trowbridge from
Columbia River, above Astoria (Stimpson, 1857).

Nauplius, 26: 2018001

R. Lemaitre (USNM) for providing access to the
collections, and Prof. M. Tiirkay (Forshungsinstitut
und Naturmuseum Senckenberg), who kindly invited
me to Frankfurt to discuss mutual topics on interest
on the genus Pacifastacus.
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