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The large branchiopod, Triops cancriformis simplex
(Gihi, 1921) (Crustacea: Notostraca) in temporary

rain pools, recorded for the first time in Taif-KSA
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Abstract The present species Triops cancriformis simplex was not recorded in Taif and Kingdom

of Saudi Arabia before. The present work is a confirmatory study to indicate the identity of this

species in the ephemeral freshwater bodies in Taif, KSA and to ascertain that, if there is any other

Triops species in the same area or not. Four sites were investigated in Taif governorate; Wadi

Al-Arj, Saysed, Jabajeb pool and Ghadeer Al-Banat. The animal was not recorded in the first

two sites all the year. The specimens were collected from Jabajeb pool on Al-Hada road and

Ghadeer Al-Banat at Al-Roddaf region. No specimens were found in these sites during winter

and autumn but they start in late spring and summer. One hundred and seven specimens were col-

lected from both sites in this period. The animal was morphologically described to be distinguished

from the other large branchiopods species. The supra-anal plate is absent, the dorsal organ of the

present species is rounded, second maxilla is present, no supernumerary spines on apodous rings,

the carina of T. c. simplex is smooth without spines in front of its terminal spine and presence of

small spines on the furca.
ª 2015 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Freshwater invertebrates are rarely studied in the Arabian
Peninsula, and little is known about the branchiopod fauna
of temporary rain pools in this area. Tadpole shrimps or large

branchiopods are the most primitive living crustaceans
(Rogers, 2009). The notostracan branchiopods live near the
bottom. Triops cancriformis (Crustacea: Notostraca) was

found on the earth (220–250) millions of years ago (Golzari
et al., 2009; Rogers, 2009) and due to its minimal morpholog-
ical changes, it is called the living fossil. They live in ephemeral

habitats like rain pools or flood plain pools. Representatives of
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this group are endangered by increasing urbanization (Zierold,
2006) or decline of their habitat. There is no information about
their fossil records in KSA. Thiery (1996) recorded T. cancri-

formis in Riyadh, species Triops was recorded in upper
Triassic in Germany (Zierold, 2006). These animals gained spe-
cial attention due to their conservation status and because they

are treated as flagships of temporary waters. Thus, in many
countries all representatives of this group are red listed and
protected (Godyn et al., 2012; Atashbar et al., 2014).

These animals are used as bioindicators for the ecosystem
health, some of them are economically important and consid-
ered as an important link in the food chains; and some are pro-
tected by the environmental law (Rogers, 2009). Japanese

farmers called it as weed picking bugs; they used it in removing
weeds from rice fields (Takahashi, 1994; Wu and Xue, 2009).
These animals cause bioturbation of water which triggers ben-

thic microbial activity by increasing oxygen and nutrient
uptake in the sediment; and increase recruitment of planktonic
taxa by unearthing buried cysts. The heterogeneity bioturba-

tion created in the upper layers of sediment also brings with
it new opportunities for catching prey, escaping predators,
and utilizing new food resources (Croel and Kneitel, 2011).

The hermaphrodite groups and those reproduce partheno-
genetically make species identification difficult (Rogers,
2009). There is poor knowledge about branchiopod animals
from Arabian Peninsula. They were described by Thiery

(1996) where he described the present species, T. cancriformis
simplex in Yemen and Triops numidicus in Riyadh.

Materials and methods

Site description

Taif has a mild desert climate, with almost hot summer and
mild winter. Temperatures are not as extreme in summer as

for lower-lying regions of Saudi Arabia. Precipitation is vari-
able; it may rain all months, with more rain in spring, summer
and late autumn than in other months. The average precipita-

tion is 172.5 mm/year. Four sites were surveyed for the pres-
ence of tadpole shrimps, Jabajeb temporary pond, Ghader
El-Banat stream, Wadi Al-Arj and Saysed.

Jabajeb pond is about 500 m2, located along Al-Hada road

N 21�2002500 E 40�2001700. Its water is stagnant, slightly turbid
and green in color. It may dry during autumn and winter. Its
vegetation structure consists of Lemna gibba that is distributed

in a clumped pattern on the water surface; some submerged
plants, such as Ceratophyllum demersum; and some plants such
as Acacia gerrardii, Tamarix nilotica and Rumex vesicarius

grow on the banks. It has rocky bottom covered with some
mud, sand and plant debris derived by the flood water.

Ghadeer Al-Banat is located at 9 km southeast of Taif city

N 21�1205800 E 40�2604800. It receives the rain water from
Sarawat and Shafa Sofian Mountains through Wadi Leyah.
It is about 1700 m above the sea level. The water is turbid
and its level is sharply fluctuated all over the year and it may

dry during autumn and winter. Its vegetation structure consists
of L. gibba covering wide areas of the water surface in addition
to the submerged plant C. demersum. The bottom is mainly

rocky with some sand and mud. Its water is mostly stagnant,
with the exception of the flood time. The site is exposed to lim-
ited human activities.
Wadi Al-Arj is the downstream section of Wadi Wajj that
flows from Southwest to Northeast through Taif city N
20�3004900 E 40�4701200. There are several agricultural, grazing

and municipal activities along the Wadi and its banks. There
is also a wastewater treatment plant that pours the treated sew-
age in the course of the flood water. The regional vegetation

structure in the course of the stream includes Abutilon panno-
sum, Cassia italica, Mentha longifolia, Xanthium strumarium,
Tamarix nilotica, Calotropis procera, Solanum incanum,

Datura innoxia, Lycium shawii, Acacia laeta, Acacia ehrenber-
giana and Typha domingensis. It is a shallow stream; the water
always running, and almost clear. The bottom consists mainly
of sand, gravels and mud derived by the water current.

Saysed is the upstream section of Wadi Wajj N 21�18056.600
E 40�29001.700. It is located at 9 km in the northeast of Taif city
at 1580 m above the sea level. It receives the flood water from

Sarawat Mountain. The bottom is mostly rocky covered by
sand, gravels and mud derived by the water current that is
always running. The vegetation structure consists of T. domin-

gensis, Cynodon dactylon, Ricinus communis, M. longifolia,
X. strumarium, T. nilotica, C. procera, S. incanum, D. innoxia,
Acacia laeta, A. ehrenbergiana, Coronopus didymus, Pluchea

dioscoridis and Chrozophora oblongifolia. This stream is highly
subjected to human activities.

The animal was found only in two places in Taif, Jabajeb
temporary pond (Site 1) and Ghader El-Banat (Site 2) (Fig. 1).

Sample collection

Animal occurrence was surveyed seasonally using D-net with

long hand close to the bottom of the ponds during the period
from winter 2013 to summer 2014. The animals start to appear
from late spring to summer; they were not recorded during

autumn and winter. Specimens were washed gently with clean
water from the same locality and were taken in the same water
in clean plastic containers to the lab where air pumps were

used for ventilation. Animals were distributed on small con-
tainers to avoid cannibalism. They were fed on chironomid lar-
vae, mosquito larvae and fish flakes to get more observations
about their life, feeding habits and other activates. Animals

were preserved in 5% formaldehyde solution for dissection
and identification. Wild dissection microscope, with drawing
tubes (camera lucida) was used for drawing the dissected

appendages.

Statistical analysis

Data were statistically analyzed using the Statistical Package
for the Social Sciences (SPSS) software for windows (version
18, SPSS Inc., Chicago, IL, USA) and SAS (2006) version

9.1. Statistical significance was estimated at P < 0.05.

Results

Physicochemical characteristics of the environment

Physicochemical characteristics of the studied sites were mea-

sured to indicate the favored conditions by the animal. The
environmental variables were measured during spring and
summer however; during winter and autumn the two sites were
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Figure 1 Google map showing the collection sites from Taif governorate, KSA.

Table 1 Physical and chemical variables of the water in the two sites of collection.

Variable Site (1) Site (2)

Min. Max. Mean ± S.D. Min. Max. Mean ± S.D.

Temp. (�C) 25.1 26.5 25.8 ± 0.55 24.5 28.1 26.3 ± 1.30

pH 8.5 8.9 8.7 ± 0.11 7.1 7.7 7.4 ± 0.19

TDS (ppm) 289.0 300.0 294.5 ± 3.68 167.0 175.0 171.0 ± 2.32

Depth (cm) 50.0 100.0 75.0 ± 13.72 15.0 125.0 70.0 ± 30.62

Turbidity (cm) 50.0 75.0 62.5 ± 9.38 15.0 50.0 32.5 ± 8.61

Ca hardness (mg/l) 126.0 127.0 126.5 ± 0.45 88.0 94.0 91.0 ± 2.51

Mg (mg/l) 8.7 8.8 8.75 ± 0.04 5.0 6.8 5.9 ± 0.77
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dry. The values represent average of two sampling times in Site
(1) and Site (2) respectively; water temperatures were 25.8 �C
and 31.9 �C; pH, 8.7 and 7.4; TDS, 274 ppm and 171 ppm;
depth, 55.4 cm and 29 cm; calcium, 123.3 mg/l and 91 mg/l;
magnesium, 8.75 mg/l and 5.9 mg/l (See Table 1).

Morphometric measurements of the collected species

Specimen collection started in late spring to summer 2013. 107

animals were collected from both sites. The specimens
obtained in April (32 males and 53 females) sex ratio was
62.4% for females; none of them were carrying eggs and
37.6% for males, however those collected in summer ‘‘June’’

were (1 male and 21 females) sex ratio was 95.5% for females
most of them were carrying eggs in their pouches (Plate 1) and
4.5% for males. Generally, males are longer than females and

have more body segments. The average body length was
2.98 cm in females and 3.26 cm in males, T-test result was sig-
nificant between both sexes. The average carapace length was

2.006 cm in females and 2.18 cm in males. Average furcal
length was 2.77 cm in females and 3.205 cm in males, statisti-
cally the difference was significant. Average body segments

were 32 ± 0.366 in females and 33 ± 1.791 in males; statistical
analysis showed a significant difference between male and
female (Tables 2 and 3). The average number of abdominal

segments bearing legs was 17 in females and 15 in males which
was significantly different. The apodous abdominal rings were
ranging between 5 and 7 in females and 4 and 7 in males; the

difference between male and females was not significant. The
average number of eggs was 98–120 per pouch. The average
egg diameter was 375.5 ± 30.68 lm (Table 2). Animals were

not found during winter 2014 in the small pools in Site (2)
and Site (1) where the latter was completely dry.
Distribution of branchiopod species in Arabian Peninsula is
represented in Fig. 2 where species of family Triopsidae

Keilhack, 1909 were recorded in Tabuk, Al-Madinah,
Riyadh, Oman, Yemen and Syria. The present species was
not recorded in Taif and KSA before.

Morphological and anatomical description of T. cancriformis

(Bosc, 1801)

The body of large branchiopod T. cancriformis consists of
large and variable number of segments comprising three
regions, head (H), thorax (T) and abdomen (Ab). There is a

chitinous carapace I covering the head and thorax but the



Plate 1 Triops cancriformis simplex A: dorsal and ventral views showing three main parts of the body, Head (H), Thorax (T) and

abdomen (Ab), Carapace (C), second thoracic appendage (T2), Telson (Tl), anus (An), sulcus (S) and circopods (Cp); B: enlarged anterior

portion of the carapace; (O) ocellus, (CE) compound eye, (MG) mandibular groove, (CG) cervical groove, (Cr) carina and (Mx.G)

maxillary gland; C: dorsal and ventral views of telson; (CS) central spine, (SS) setal spines, (MdS) middorsal spine, (MrS) marginal spines

and (PMrS) posterior marginal spines; D: (Mo) mouth opening and (Ma) mandible after removal of labrum; E: enlarged anterior ventral

portion (Lab) labrum, (Ma) Mandible, (VG) ventral groove, and (GB) gnathobase; F: eleventh thoracic appendages or egg pouch filled

with resting eggs; G: resting eggs or cysts H: lateral view of female showing the (EP) egg pouch filled with eggs.
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Table 2 Morphometric measurements (cm) and meristic characteristics of female and male Triops cancriformis.

Character Males (N= 20) Females (N= 20)

Min. Max. Mean ± S.D. Min. Max. Mean ± S.D.

Carapace length 1.6 3.3 2.1805 ± 0.507 1.64 3.2 2.0065 ± 0.311

Body length 2.9 4.1 3.26 ± 0.296 2.03 3.95 2.981 ± 0.478

Furcal length 2.0 4.1 3.205 ± 0.569 1.8 4.0 2.77 ± 0.513

Body segments 32 37 33.0 ± 1.791 32 33 32.0 ± 0.366

Abdominal segments 14 19 16.0 ± 1.218 15 16 15.15 ± 0.366

Apodus segments 4 7 6.0 ± 1.04 5 7 5.85 ± 0.324

Cyst diameter (N= 40) 310.0 405.0 375.5 ± 30.68 – – –

Table 3 Statistical comparison between means of body measurements of males and females.

Character Mean Diff. ± S.D. D.F. t-Value P-value

Carapace length 0.174 ± 0.196 38 1.308 0.198

Body length 0.279 ± 0.182 38 2.22 *0.032

Furcal length 0.435 ± 0.056 38 2.54 *0.015

Body segments 1.0 ± 1.425 38 3.425 **0.001

Abdominal segments 1.55 ± 0.852 38 5.449 **<0.0001

Apodus segments 0.15 ± 0.716 38 �0.616 0.541

* Significant (P < 0.05).
** Highly significant (P< 0.05).

Figure 2 Species distribution of branchiopod in the Arabian

Peninsula. d T. numidicus (Grube, 1865) (=T. granaries) in

Riyadh and Oman (Thiery, 1996). T. cancriformis simplex

Ghigi, 1921 in Yemen (Thiery, 1996). T. cancriformis simplex

Ghigi, 1921 in Taif, KSA (present study). *Lepidurus couesii

Packard, 1875 in Syria (Thiery, 1996). n T. longicaudatus (Le

Conte, 1846) in tabuk and Al-Madinah (Aloufi and Obuid-Allah,

2014).
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abdomen remains exposed (Plate 1). The cephalic segments are
not fused with the thoracic segments. The head consists of five

segments; the thorax consists of 11 segments and the abdomen
consists of 14–19 segments. The last 4–7 rings are not carrying
appendages (apodous); ending with telson (T) and furca, two

long caudal rami (CR).
The carapace is hemispherical, rounded anteriorly and ends

with sulcus (S) posteriorly. It is not completely attached to the

body but only to the head. It covers from 11 to 14 segments
(i.e.) head, thorax and part of the abdomen. There is a single
ocellus (O) and two kidney-shaped compound eyes (CE) dor-
sally located close to each other at the anterior end; there is

a median nuchal organ (N) or the naupliar eye which repre-
sents the simple median eye of the nauplius larva. The nuchal
organs in all the specimens were mostly rounded. The com-

pound eyes are darker in color than the nuchal organ. There
is a transverse groove in the carapace just behind the nuchal
organ called mandibular groove (MG) and another longer

curved one behind it called cervical groove (CG). There is a
mid-dorsal edge behind the cervical groove reaching the poste-
rior end of the carapace, carina I ending with small spine; there
are thirteen to sixteen similar spines on both sides of the cari-

nal spine. The latter is larger or equal to the sulcus spines. The
carina is smooth and without spines along its length. There are
23–32 spines on the sulcus margin. The postero-lateral edges of

the carapace are serrated with small backwardly directed
spines.

The head segments carry a pair of vestigial uniramous

antennules (H1) consisting of two segments; the distal one
has three spines; the middle one is the tallest and carrying min-
ute bristles on both sides. The distal segment carries very short

spines on its lower margin. There is a pair of large brown
curved mandibles (Plates 1 and 2) (H2) facing each other with
one row of eight biforked teeth along the inner margin (Plates
1 and 2). They do not have mandibular palps. The two mand-
ibles are partially covered by a pentagonal labrum (Lb) (Plate

1). There is one pair of first maxillae (H3) lying behind the
mandibles and having stiff setae and bristles on the inner mar-
gin followed by one pair of second maxillae (H4). The latter is

very small club-shaped with about 26 long setae. They are
close to the shell gland tube.



Plate 2 Camera lucida drawing showing the body appendages, (H) head or cephalic, (T) thoracic and (Ab) abdominal appendages; the

numbers refer to the segmental arrangement.
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The thorax consists of 11 segments. The thorax is com-
pletely covered by the carapace; these segments do not bear

spines. Every thoracic segment carries one pair of appendages.
The thoracic appendages (thoracopod) (Plate 2) consist of pro-
topodite (P), small endopodite (En), large fallacious flabellum

or exopodite (Ex) with long bristles on their distal margin, five
small endites (I, II, II, IV and V) and oval balloon-like epipo-
dite (Ep) reddish in color and may act as gills. All the endites
carry bristles and setae on their margins for sieving and shred-
ding food (Plate 1). Bristles of the fifth endite form a gnatho-

base (GB). There is a median ventral groove (VG) (Plate 1)
between the thoracic appendages and the sterna of the thoracic
segments in which food passes anteriorly to the mandibles and

the mouth. The mouth (Mo) is Y-shaped opening below the
labrum and the two mandibles. The gnathobases have anterior
posterior movement to push the food anteriorly to the mouth
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opening along the ventral groove. The first thoracopod (T1)
(Plates 1 and 2) has two long and two smaller segmented feel-
ers arise from the protopodite one of the former is too small

and close to the mandible (Plate 2). The endopodite is too
small and close to the base of the feeler. The next six pairs have
claw-like pointed endites to help in walking and some with dis-

tal endites integrate to act as chelicerae for feeding. The ele-
venth thoracic appendages (T11) in females are foliaceous,
without epipodite and the protopodite and endopodite form

circular chamber or egg pouch for storing eggs. The margins
of the two endites are equipped with long numerous bristles
to close and keep the eggs in the chamber. It is the main char-
acter between male and female where it is not found in males.

The first few segments of the abdomen are partially covered
with the carapace while the remaining segments are exposed
therefore; the first 14–19 abdominal segments are covered with

ventrally incomplete chitinous rings bearing sharp backwardly
directed spines on their circumference. The spines start appear-
ing on segments 11–13. These segments carry foliaceous

appendages (phyllopodus), (Ab 1–4) and (Ab 5–22) (Plate 2)
helping in swimming and respiration. These appendages have
the same structural plane of the thoracic appendages with

some modification to help in swimming, respiration and feed-
ing. The abdominal appendages start in large size then
decreased backwardly making a triangular shape (Plate 1 A
and H). The first four rings cover 2–3 segments each, while

the last 8 rings cover 5–6 segments each. The remaining 4–7
rings have sharp backwardly directed spines on their circum-
ference without supernumerary spines. They do not carry

appendages, the so called apodous rings, and end with telson
and two long segmented caudal rami (CR) (Plate 1A), cer-
copods or furca and having minute spines. The telson has 5

types of spines, three sharp marginal spines (MS) on both
sides; they are constant for all specimens. Central sharp spine
(CS) is located on the mid-dorsal line of the telson. Median

spines (MdS) are small and variable in number from one ani-
mal to the other. The setal spines (SS) were found in two
groups on both sides of the median spines and each group
may have 4 spines. Finally the posterior marginal spines

(MrS) are just located above the anus (An); they are all small
in size but at least there are two that are longer than the others.
They vary among specimens. The anus opens on the posterior

part of the telson between the bases of the caudal ramie. Its
length may reach the length of the body. The furcal spines
are small.

Characteristic features of the subspecies T. c. simplex (Ghigi,

1921)

Generally, the morphological discrimination is hampered by

inter-individual variations and abnormalities. There are few
invariable features among the examined specimens. This race
is characterized by simple armature, where there are no spines

at the terminal part of the carina in front of its spine.
Sometimes the carinal spine is not sharp or reduced. Also it
has small furcal spines. The apodous segments are 5–7.
Discussion

Notostraca is characterized by great variations in its morphol-

ogy and tadpole shrimps as well. Firstly genus Triops is
separated from Lepidurus by the absence of supra anal plate
(Longhurst, 1955; Zierold, 2006) but in few specimens
Mantovani et al. (2004) found rudimentary plate in T. cancri-

formis. There are three main taxonomically important charac-
ters in identifying the genera of tadpole shrimp; the presence or
absence of second maxilla, the arrangement of compound eyes

and the dorsal organ and armature of telson (Longhurst,
1955). Second maxilla was found in the tadpole shrimp T. can-
criformis in the present work. Longhurst (1955), Zierold (2006)

and Rogers (2009) reported that they are entirely absent in
some Notostraca and found in T. cancriformis. Longhurst
(1958), Rzoska (1961), Obreǵon-Barboza et al. (2007) reported
some abnormalities in the appendages and armature of Triops

specimens; they found an irregular and often asymmetrical
reduction of the second maxillae in some samples of T. cancri-
formis and T. granarius, and even the complete absence of it in

African and eastern Asian specimens of these species; which in
turn may cause conflict with tadpole shrimps of America,
Oceania, Australia and Madagascar (T. longicaudatus and

T. australiensis) which do not have second maxilla.
Additionally, Murugan et al. (2002) studied the molecular
characterizations of T. longicaudatus to compare it with T. can-

criformis, T. granaries, T. australiensis and Lepidurus lemmoni
and found that they are 99% similar and T. longicaudatus is a
mixture of several species. These intermingled features may be
due to the reproduction mode. In the studied species the dorsal

organ is clearly rounded in all collected specimens; which is a
character for T. cancriformis (Longhurst, 1955; Thiery, 1996;
Zierold, 2006) however Aloufi and Obuid-Allah (2014)

described triangular dorsal organ for their specimens recorded
in Tabuk and Madinah, KSA. Longhurst (1955) clarified that
the dorsal organ of T. cancriformis is usually round, but in

some of the longer bodied individuals it becomes triangular
like the form of most specimens of T. granarius and T. longi-
caudatus is similar in this character to T. granarius.

The telson armature of the present species was confirmed
by Zierold (2006) and Aloufi and Obuid-Allah (2014).
Longhurst (1955) reported that telson armature mostly corre-
lated to geographical distribution but not to the sex or number

of segments. The armature of T. granarius and T. longicauda-
tus is mostly similar but differs from the present species in hav-
ing numerous small marginal spines on the lateral sides of the

telson while there are 2–4 sharp spines in the present species.
The genus Triops includes four species, T. cancriformis (the

American tadpole shrimp). It is native in North America and

Oceania. T. granarius is the Asian species and found from
South Africa to the Eurasian Continent. The European tad-
pole shrimp, T. cancriformis is found in Europe, North
Africa, Middle East and India. Finally the Australian species,

T. australiensis is found in Australia and part of Madgasacar
(Longhurst, 1955). Thiery (1996) studied the large bran-
chiopod (Anostraca, Notostraca, Spinicaudata and

Laevicaudata) from the temporary waters of the SW Riyadh,
Wadi Durmah Arabian Peninsula. He identified three noto-
stracan species, T. cancriformis simplix in northern Yemen,

Lepidurus couesii from Syria and T. numedicus from the central
region of the Arabian Peninsula. Golzari et al. (2009) recorded
T. cancriformis in and T. granarius (Atashbar et al., 2014) in

Iran. Both of them confirmed the physicochemical characteris-
tics of the present environment. Aloufi and Obuid-Allah (2014)
recorded T. longicaudatus in Tabuk and Al- Madinah in Saudi
Arabia 500 km from Taif. The present species T. cancriformis
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was recorded in Yemen may be transferred to Taif region
through the high dispersal ability by their drought-resistant
cysts due to wind (Zierold, 2006). The dispersal ability may

depend on the geographical range of the animal and the barri-
ers; T. granarius is Eurasian Continent, Middle East, India,
central and eastern Asia to the north Chinese coast

(Takahashi, 1994 and Zierold et al., 2007). However the range
of T. longicaudatus is from Western North America, south of
50� N, through Central to South America, where there are only

scattered records. This means that it is more reasonable to find
T. cancriformis simplex in Taif because it is close to Yemen and
there are no natural barriers. Accordingly, there are three
Triops species in KSA, T. cancriformis simplex, T. numidicus

and T. longicaudatus. Moreover, Longhurst (1955), Thiery
(1996) and Zierold (2006) reported that T. numidicus is syn-
onym for T. granarius. This species differs from that in the pre-

sent study in number of body segments: females 36–39, males
38–39 and apodous rings: females 9–12 and males 14–15
(Thiery, 1996 and Seaman et al., 1991); Longhurst (1955) sta-

ted that T. cancriformis has lower number of segments than
T. granarius. In the present species the number of body seg-
ments is 32–37 and the apodous are 4–7 and without supernu-

merary spines on ventral surface; similar results were recorded
by Longhurst (1955), he added T. cancriformis females have
average 33 body segments; the carapace covers about 14
segments, however T. granarius has 38 segments and about

11 of them were covered. He stated that spines start appearing
at segments 11–14 and the apodous segments in T. cancriformis
are higher in number, 5–7 instead of 4–6. Aloufi and

Obuid-Allah (2014) found 10–14 apodous segments in
T. longicaudatus.

There are three sub-species of T. cancriformis, T. c. mauri-

tanicus (Ghigi, 1921), T. c. simplex (Ghigi, 1921) and T. c. can-
criformis (Bosc, 1801). They are distinguished by the presence
or absence of spines along the dorsal edge of carina, as well as

the size and number of small posterior spines (Longhurst,
1955; Zierold, 2006). The carina of T. c. mauritanicus bears a
number of teeth posteriorly, the largest often sub-equal to
the terminal spine and the furcal spines are very large. On

the contrary, T. c. simplex has a smooth carina in front of
the terminal spine and furcal spines. The furca is generally long
and may reach the body length (Longhurst (1955)). He recog-

nized that these features are not as invariant as in subspecies
T. c. mauritanicus. The nominal subspecies T. c. cancriformis
shows in front of terminal spine along the dorsal carina a

few small teeth (generally 2–3, but also up to 10 observed).
The animal under investigation was proved to be T. c. simplex
(Ghigi, 1921) where it agreed with the above description.
Additionally, the sulcal spines are from 24 to 32 as indicated

in the present work which is the same in the specimens exam-
ined by Longhurst (1955) and Zierold (2006). Recent phyloge-
netic studies of Korn et al. (2006, 2010) based on molecular

biology indicated that T. mauritanicus regained species level
and includes all the populations of T. c. simplex as a subspecies
T. m. simplex. They added, T. mauritanicus and T. c. cancri-

formis are monophyletic sister taxa and attributed the conflict
in identification of Triops populations to their co-occurrence
on a regional scale in northern Spain. The present study was

carried out according to the criteria of Longhurst (1955) in
identification of the studied taxon. He stated that T. c. mauri-
tanicus is characterized by a strong armature, the carina has a
number of teeth, large furcal spines, coarse ventral marginal
spines and oval dorsal organ; which are almost opposite in
T. c. simplex.

The only character that differentiates between male and
female is the eleventh thoracic appendage which is modified
to form egg pouch or oöstegopod (Longhurst, 1955; Zierold,

2006; Obreǵon-Barboza et al., 2007). This clearly appeared
in the present study. Engelmann et al. (1996) added the pres-
ence or absence of eggs. However, Mantovani et al. (2008)

used this character in his study; they considered hermaphro-
dites with eggs as females. The sex ratio may differ from season
to season and place to place. Takahashi (1994) reported that
the European tadpole shrimp, T. cancriformis is bisexual in

south Europe and hermaphrodite in Northern Europe and
Japan however, Zierold et al. (2007) stated that T. cancriformis
exhibits mixed reproductive modes (Mantovani et al., 2004 and

2008) like hermaphroditism, androdioecy (with hermaphro-
dites and small number of males) and bisexuality which is
the ancestral condition. The bisexual populations have reduced

gene flow and high interpopulation divergence (regional differ-
entiation). Engelman et al. (1997) reported that these repro-
ductive modes are extremely complex and not fully

understood; they found that sex ratio is equal in North
African and South European populations and changes
gradually in northerly regions until unisexual (all female)
populations; at this point they noticed testicular lobes within

the female gonads. Golzari et al. (2009) found only one male
T. cancriformis among 400 females in vernal pools of
West Azerbaijan Province in Iran. Longhurst (1955) records

two sets of males in one summer in the same pool.
Zierold (2006) confirmed the diameter of T. cancriformis

cysts ranging from 300 to 400 lm. Golzari et al. (2009)

reported that the average cyst diameter is 400 ± 85 lm.
They established that both egg pouches carry almost equal
number of eggs. Longhurst (1955) reported that egg size in

Triops is variable, where it is larger in long bodied specimens
regardless of the species and the size difference in mature fol-
licle in the ovary of T. cancriformis (33 segments) is smaller
than T. granarius (38 segments); this size difference is corre-

lated to size difference in the resulting eggs and larvae.
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