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ABSTRACT

First record of the tadpole shrimp Triops cancriformis (Lamarck,1801) (Crustacea: Branchiopoda: Notostraca) in Por-
tugal

Notostracan crustaceans identified as Triops cancriformis according to the presently accepted morphological criteria were
recorded for the first time in Portugal in 2007. All previous records of Triops in Portugal belong to mauritanicus lineage species
i.e. T. vicentinus or T. baeticus. A specimen purportedly belonging to T. cancriformis (Carvalho, 1944) has been re-identified
by Machado in 2014 as T. baeticus after morphological examination. During 2007, hundreds of individuals of T cancriformis
were observed throughout the rice paddies on the northern margin of Sorraia River (Vale do Sorraia, Coruche). In the last 9
years, monthly checks during the rainy season have failed to record high population abundances and only a few specimens
have been observed in the flooded tracks left by trucks and other heavy machinery on the elevated margins of the paddies.
The low number of individuals observed in the latter years possibly results from changes of ecological conditions. Thus far,
males of T. cancriformis have not been recorded, which may indicate that the observed population is either androdioecious
or made of hermaphrodite or parthenogenetic populations. This situation contrasts with the other confirmed populations of
this species in the Iberian Peninsula that are gonochoric. Parthenogenetic/hermaphrodite/androdioecious lineages, present in
Northern and Central Europe, are considered to have derived from gonochoric Iberian populations in the Pleistocene which
makes this finding all the more interesting in evolutionary terms. Has this population resulted from a recent recolonization
from non-Iberian populations? Or has it derived directly from the assumed Iberian Pleistocene refuge? The potentially high
dispersal abilities of Triops diapausing cysts and the possibility of hermaphrodite/parthenogenetic reproduction favour the 1st
hypothesis of recolonization. Possible sources of individuals are (i) cysts attached to migratory birds arriving possibly from
Southern France or Northern Italy and that are regularly seen feeding at these rice fields or ii) cysts unwittingly transported
with the rice seeds used in the Vale do Sorraia. Both are in accordance with the assumption that nongonochoric reproductive
mode confers a colonization advantage over gonochoric populations, which lack evidence of fast long distance dispersal
ability. Future multilocus phylogenetic analysis is expected to clarify the origin of 7. cancriformis found in the Sorraia’s rice
fields.

Key words: Large branchiopods, rice fields, temporary ponds, androdioecy, hermaphrodites, gonochoric.
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RESUMO

Primeiro registo do grande branquiopode Triops cancriformis (Lamarck, 1801) (Crustacea: Branchiopoda: Notostraca)
em Portugal

Crustdceos identificados como Triops cancriformis (Crustacea, Notostraca) de acordo com os critérios morfologicos actual-
mente adoptados, foram registados pela primeira vez em Portugal em 2007. Todos os Triops anteriormente encontrados em
Portugal pertencem a espécies da linhagem mauritanicus, ou seja T. vicentinus ou T. baeticus. A identificacdo de uma amostra
existente no Museu de Coimbra e referida como T. cancriformis (Carvalho, 1944) foi emendada para T. baeticus em 2014,
por M. Machado, apos andlise morfologica. Em 2007, foram observadas centenas de individuos de T. cancriformis nos ar-
rozais da margem norte do rio Sorraia (Vale do Sorraia, Coruche). Prospecgcoes mensais durante a época das chuvas nos
ultimos 9 anos, ndo voltaram a evidenciar abunddncias tdo elevadas, tendo-se apenas observado alguns individuos em sul-
cos inundados deixados por camides e mdquinas agricolas nas margens elevadas de alguns canteiros de arroz. Este reduzido
nimero de individuos observado nos iiltimos anos resulta, possivelmente, de alteragcoes nas condigoes ecologicas. Ndo se en-
contraram, até agora, individuos machos de T. cancriformis, o que pode indicar que a populagdo observada € androdidica, ou
hermafrodita, ou partenogenética. Esta situagdo contrasta com as outras populagoes confirmadas desta espécie na Peninsula
Ibérica, que sdo gonocoricas. Linhagens partenogenéticas/hermafroditas/androdidicas, presentes no Norte e Centro da Eu-
ropa, sdo consideradas como tendo derivado de populagcées gonocdricas ibéricas no Pleistoceno, o que torna esta descoberta
ainda mais interessante em termos evolutivos. Terd essa populagdo resultado de uma recolonizagdo recente com origem em
populagdes ndo-ibéricas? Ou derivard directamente do assumido refiigio pleistocénico Ibérico? A capacidade potencialmente
elevada de dispersdo de cistos de Triops em diapausa e a possibilidade de reproducdo hermafrodita/partenogenética favore-
cem a hipotese de recolonizagdo recente a partir de (i) cistos transportados por aves migratorias possivelmente provenientes
do sul de Franga ou do norte de Itdlia e que sdo regularmente vistas a alimentarem-se nestes campos de arroz ou de (ii)
cistos inadvertidamente introduzidos via sementes de arroz utilizadas no Vale do Sorraia. Ambas as possibilidades estdo em
conformidade com o pressuposto de que o modo reprodutivo ndo gonocorico confere vantagens de dispersdo e coloniza¢do
relativamente a populacées gonocoricas, que ndo evidenciam capacidade de dispersdo rdpida a longa distdncia. Espera-se
que uma futura andlise filogenética multilocus possa vir a esclarecer a origem de T. cancriformis nos arrozais do Sorraia.

Palavras-chave: Grandes branquidpodes, arrozais, charcos tempordrios, androdioicia, hermafroditas, gonocdricos.

INTRODUCTION

Species of the tadpole shrimp Triops (Schrank,
1803) have a scattered distribution in all conti-
nents except Antarctica (Vanschoenwinkel et al.,
2012; Korn et al., 2013). Triops morphology in
the fossil record appears to be indistinguishable
from that of modern forms by the Upper Triassic
(Trusheim, 1938) and morphological similarities
may extend to the Permian (Guthorl, 1934; Gand
et al., 1997; Korn et al,. 2013). The conserva-
tive form exhibited by modern Triops is typically
accompanied by high morphological individual
variability, and low number of known morpho-
logical characters of taxonomic significance.
This rendered correct species identification
nearly impossible until the revision by Longhurst
in 1955 who retained only taxonomic entities
that could be distinguished (i.e. diagnosable mor-
phospecies). Molecular phylogenetic studies in
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the last decades, allied with morphological
re-investigation, have clarified various instances
of cryptic diversification and led to taxonomic
revisions worldwide (Korn et al., 2013; Math-
ers et al., 2013; Korn & Hundsdoerfer, 2016;
Meusel & Schwentner, 2016). In the Mediter-
ranean region, at least 2 taxa formerly attributed
to Triops granarius (Lucas, 1864), and at least 7
taxa formerly attributed to Triops cancriformis
sensu lato are known to occur (Korn et al., 2006;
2010; Korn & Hundsdoerfer, 2006; 2016). Korn
et al. (2006), using mitochondrial 16S and 12S
rDNA sequences, investigated the phylogenetic
relationships among the three subspecies of Tri-
ops cancriformis recognized at the time and
identified two distinct lineages.

One lineage encompasses 1. c. cancriformis
populations from central and northern Europe
and samples from northern Spain (Espolla tem-
porary pond, Girona, 42°09’02”N, 02°45’60"E)
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that had been hitherto classified as T. cancri-
formis of the simplex form (Alonso, 1985; 1996).
The common lineage of the population of Espolla
and the other European populations has been
corroborated in a subsequent study by Zierold
et al. (2007). These authors named the individu-
als from Espolla as T. c. simplex referring to the
previous identification by Alonso (1985; 1996)
and Boix et al. (2002), and observed that this
population and other population from “El Puig”
(inacurate coordinates 39°34'24"’N, 00°16’43"E,
possibly 39°34'24”N, 00°16’43"”W near El Puig
de Santa Maria, Comunitat Valenciana, Spain)
shared haplotype H1 with five T. c. cancriformis
individuals from four different populations in
Germany. The authors remarked that “the two
morphologically described subspecies 7. c. can-
criformis and T. c. simplex, which show different
reproductive modes, are not represented by dis-
tinct monophyletic lineages”. As noted by Korn
et al. (2006) after morphological re-examination
of specimens with comparison to molecular
data, the former 7. c. simplex cannot be reliably
separated from T. c. cancriformis, using the mor-
phological characters that had hitherto been used
to distinguish among subspecies of T. cancrifor-
mis.

The second lineage of Triops cancriformis
sensu lato comprises all populations of former
T. c. mauritanicus and the northern African pop-
ulations of T. c. simplex (Ghigi, 1921) (Korn et
al., 2006). This lineage contains the predominant
species in the Iberian Peninsula, T. mauritani-
cus, which was originally established by Ghigi
(1921), later considered a subspecies of 7. can-
criformis by Longhurst (1955), and re-instated
to full species status by Korn et al. in 2006. The
clarification of the gross phylogenetic relation-
ships within the group resulted in the inclusion
of the northern African populations of the for-
mer T. cancriformis simplex as a subspecies of
T. mauritanicus. Later records have shown that
T. m. simplex is also present in Spain. In 2007,
a population of Triops from Ares del Maestre
(40°25’19”N, 00°04'13”W, Comunitat Valen-
ciana, Spain) was identified by Zierold er al.
(2007) under the invalid name 7. cancriformis
mauritanicus, based on nucleotide sequencing in

two mtDNA genes. Korn et al. (2010) compar-
ing the corresponding COI sequence retrieved
from GenBank with those obtained from a rep-
resentative subset of 7. mauritanicus samples
re-assigned that population to 7. m. simplex. In-
terestingly, Korn et al. (2010) noted that 7. c.
cancriformis (first lineage) and 7. m. simplex
(second lineage) co-occur on a regional scale in
northern Spain, highlighting the need to perform
a phylogeographic study allied to a sound mor-
phological re-investigation of northern Spanish
populations.

Further analysis by Korn ef al. in 2010 of
main lineages in Triops mauritanicus Ghigi,
1921 in the south-western Iberian Peninsula indi-
cated the presence of four more clades. As their
data suggested that these clades represent distinct
species, Korn et al. (2010) described the Iberian
lineages as T. baeticus Korn, T. emeritensis Korn
& Pérez-Bote, T. gadensis Korn & Garcia-de-
Lomas and 7. vicentinus Korn, Machado, Cristo
& Cancela da Fonseca, and reinstated 7. simplex
Ghigi, 1921 to full species status. T. mauritani-
cus Ghigi, 1921 is represented by populations in
northern Africa alone (Korn et al., 2006; 2010).
Six species are therefore recognized as present
in the Iberian Peninsula: five species from the
mauritanicus lineage plus one species from the
cancriformis lineage.

Contrasting with their conserved morphol-
ogy, Triops exhibit a wide range of reproductive
modes. The ancestral reproductive mode is ap-
parently gonochorism (Pannell, 2002; Zierold et
al., 2007; Mathers et al., 2013) with equal sex ra-
tio populations and cross-fertilization necessary
to produce viable eggs (Korn et al., 2006). Cer-
tain populations lack males and individuals pos-
sess ovotestis and have the ability to breed in iso-
lation (Sassaman, 1991; Zaffagnini & Trentini,
1980). In other populations, males and herma-
phrodites co-occur in varying frequency, and the-
re are varying levels of self-fertilisation and out-
crossing; a system named androdioecy (Pannell,
2002). The inbreeding depression, reduction in
effective recombination rates and reduction in
effective population size resulting from the dele-
terious effects of self-fertilisation (Glemin ez al.,
2006) may be off-set by the benefits of coloniza-
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tion advantage and reproductive assurance in a
metapopulation (Baker, 1955; see Mathers et al.,
2013). On the one hand, the often unpredictable
environment of ephemeral ponds where bran-
chiopod populations have strong inter-annual
density fluctuations could drive the evolution
of androdioecy by ascribing higher fitness to
self-fertilising hermaphrodites relative to fe-
males (Weeks et al., 2006). On the other hand,
considering that Triops produce long-lived dor-
mant cysts that survive during adverse periods
and also provide the dispersal stage (Fryer, 1988;
Longhurst, 1955), evolution towards self-fertile
hermaphroditism could both increase the success
of populations and its dispersal probabilities.
Triops lberian populations are considered
gonochoric while Central and Northern Euro-
pean populations where males are absent or
present in a low proportion, are considered her-
maphrodite and/or androdioecious (Zierold et
al., 2007; 2009; Korn et al., 2006; Mathers et al.,
2013). Some controversy remains regarding the
reproductive strategy in some Central Euro-

pean and Italian populations with suggestions of
parthenogenesis or a mixture of gonochoric and
hermaphroditic reproduction in a German pop-
ulation (Engelmann et al., 1997), and meiotic
parthenogenesis and selfing hermaphroditism in
some Italian populations (Trentini & Scanabissi,
1979; Zaffagnini & Trentini, 1980). Studies in
the last decade have shown that modern parthe-
nogenetic/hermaphrodite/androdioecious lineages
of Triops cancriformis present in Northern and
Central Europe are considered to have derived
from those located in glacial Pleistocene refuges
after the last glacial maximum; i.e. possibly in
southern Iberia, Sardinia, Sicily and areas of
mainland Italy and Greece (Korn et al., 2006;
Zierold et al., 2007).

Here we report the first record of the tadpole
shrimp Triops cancriformis (Lamarck, 1801) in
rice fields of southern Portugal. Contrasting to
the other Iberian populations of Triops which
are purportedly all gonochoric, males were ab-
sent from the sampled populations from the
rice fields on the north margin of Sorraia River.
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Figure 1. Geographical records for T. baeticus (asteriscs), T. cancriformis (black star) and T. vicentinus (triangles) in Portugal and
in Vale do Sorraia. Distribution of T. baeticus and T. vicentinus according to M. Machado, L. Cancela da Fonseca and M. Cristo
(unpublished data). Registos geogrdficos de T. baeticus (asteriscos), T. cancriformis (estrela negra) e T. vicentinus (tridngulos) em
Portugal e no Vale do Sorraia. Distribuicdo de T. baeticus e T. vicentinus segundo M. Machado, L. Cancela da Fonseca e M. Cristo

(dados ndo publicados).
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The absence of males suggests a prevailing
hermaphrodite or androdioecious sexual system
in the populations and we present and discuss
two hypotheses for this possible absence of
gonochorism. The 1*' hypothesis proposes colo-
nization by a single or few selfing hermaphrodites
or parthenogenetic individuals, and the 2™ hy-
pothesis considers that Triops cancriformis from
Vale do Sorraia derived directly from gonochoric
populations from the Iberian Pleistocene refuge.

MATERIALS AND METHODS

Study site

The rice fields surveyed in this study are lo-
cated in the Tagus river basin (38°58'42”N,
8°29'0”W), Portugal, in the alluvial plains of
the Sorraia river (Fig. 1). These alluvial plains,
dominated by rice fields and irrigation crops,
are bordered by open oak forest. The paddies
are filled with rainwater from October to March
when soil is prepared for the cultivation of rice
(Oriza sativa). During the period of rice cultiva-
tion, from April/May to September/October, the
water level in the paddies is controlled through
the irrigation system of locks, boxes and chan-
nels (Associacdo de Regantes e Beneficidrios do
Vale do Sorraia, 2012). The exotic plant Azolla
filiculoides, the exotic red swamp crayfish Pro-
cambarus clarkii and mosquitofish Gambusia
holbrooki were present in the majority of the
inspected paddies. Avian fauna, which are recog-
nized as long distance dispersal vectors (Viana
et al., 2016) and use rice fields as feeding areas
(Elphick, 2010 and references therein), were as-
sessed by walking transepts from the outer edge
of the fields in direction of the river, with the
aid of binoculars. Field collected information
was complemented with literature records for the
area and information obtained from researchers
involved in ringing-recovery programmes for
aquatic birds (V. Encarnacdo and E.D. Galioto).
Supplementary information on migratory birds
was collected from BirdLife International (2015)

and literature. The avian species feeding in the
area are: flamingos Phoenicopterus roseus (par-
tially migrant), black-winged stilts Himantopus
himantopus (migrant) spoonbills Platalea leuco-
rodia (migrant), great white egrets Egretta alba
(syn. Ardea alba, migrant), cattle egrets Bubul-
cus ibis (partially migrant), little egrets Egretta
garzetta (migrant to nomadic), night heron Nyc-
ticorax nycticorax, (migrant), grey heron Ardea
cinerea (partially migrant or sedentary), pur-
ple heron Ardea purpurea (migrant), white stork
Ciconia ciconia (migrant or sedentary), the
northern lapwing Vanellus vanellus (migrant)
and mallard Anas platyrhynchos (sedentary or
nomadic).

Sampling and Identification

The rice fields were inspected for the presence
of large branchiopods every month from Octo-
ber to May (2007-2016), or during the period
when they were filled with rainwater. Flooded
expanses within the rice paddies were prospected
with dip-nets (0.250 mm pore mesh size) or
hand held sieves (1 mm pore mesh size). Large
branchiopods were collected in May 2012, in
February and April 2014, and March, 2016.
After collection, specimens were sorted, anaes-
thetized with carbonated water and preserved in
70% ethanol for laboratory identification. The
morphology of adult Triops was studied ac-
cording to Korn et al. (2006) and Longhurst
(1955) and specimens were identified follow-
ing the criteria adopted by Korn ez al. (2006).
The recorded biological data were: (i) telson
length ratio calculated as the ratio of furcal spine
length to the distance between furcal spine tip
and the anterior-lateral edge of the telson (see
figure 1 in Korn et al., 2006); carapace length
(measured at carina level); (ii) number and type
of carina spines; (iii) number of apodous ab-
dominal segments, and (iv) sex. Morphological
females present a brood pouch at each side of the
body that results from a modification of the en-
dopodite and the exopodite of each branch of the
11™ pair of thoracopods.

Limnetica, 36 (2): 543-555 (2017)
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RESULTS

Morphological observation of the sampled 40
specimens revealed that 28 were juveniles and
12 were adults (Table 1). It was possible to rec-
ognize the presence of a pair of brood pouches
in all individuals, which proved them to be
morphological females. Males have not been
recorded, which may indicate that the observed
population is either androdioecious or made of
hermaphrodite or parthenogenetic individuals.

Machado et al.

The 12 adults exhibited small furcal spines as
shown by a lower telson length ratio (0.21-0.29;
mean value: 0.25) than that of the mauritanicus
lineage (> 0.38) in the Iberian Peninsula (Table 1),
with the exception of T. simplex (see Introduc-
tion). This morphological characteristic together
with the sex ratio of the sample allowed us to
unambiguously identify the specimens as Triops
cancriformis. The specimens were compared
with T. baeticus belonging to the mauritanicus
lineage of Triops, and previously collected in

Table 1. Morphological characteristics of Triops (Vale do Sorraia) and diagnostic characteristics of 7. cancriformis and of the en-
demic Iberian species of 7. mauritanicus lineage as defined by Korn et al. (2006) and Longhurst (1955). Carina spines are counted
from the distal spine; carapace length is measured at carina level in both adults (Ad) and juveniles (Juv); telson length ratio charac-
terizes the length of furcal spines (see Methods). All observed specimens, including juveniles, were females (F); sex was determined
based on morphology. States of the most important character for species identification are presented in bold. Caracteristicas mor-
fologicas de Triops (Vale do Sorraia) e caracteristicas diagnosticantes de T. cancriformis e das espécies Ibéricas endémicas da
linhagem T. mauritanicus, tal como definidas por Korn et al. (2006) e Longhurst (1955). Os espinhos da carena sdo contados a partir
do espinho distal; o comprimento da carapaga é medido ao nivel da carena em adultos (Ad) e juvenis (Juv); o rdcio do comprimento
do telson caracteriza o comprimento dos espinhos da furca (ver Métodos). Todos os espécimens observados, incluindo os juvenis,
eram fémeas (F); o sexo foi determinado com base na morfologia. Os estados do caracter mais relevante para a identificagdo das
espécies estdo em negrito.

Characteristics exhibited by Sorraia individuals (Ind.)

Ind. . . . . Carapace
Sex Carina spines Telson length ratio Number of apodous segments in females
(n = 40) Length (mm)
T Neer Medi R Mean R Mean 95% confidence
e .er Median Range ange
P g + SD & + SD intervals
. 16.6-38 (12 Ad)
12 Adults F minute 0-13 4 0.21-0.29 0.25+0.023 4.5-6.04.96+0.547 4.653-5.272
4-9 (28 Juv)
Triops cancriformis
Kornet al., 0-30, Haplotype group means: 4.0-5.6(a)
Mostly small - -
2006 often 0-4 0.21-0.27 4.0-6.8 (b)
Longhurst, 0-10, size of furcal
Small . 4-6 - -
1955a often 2-3 spines: small
Triops mauritanicus
Endemic
Iberian Gradient sized,
. Numerous, Haplotype group
Species largest next to - - 4.7-6.2(c)
; . often > 50 means: > 0.38-0.44 (c)
Korn et al., distal spine
2006, 2010
Strong,
Longhurst, .
1955 largest sub-equal - Strong furcal Spines 5-7 - -

to distal spine

(a, b, ¢) Values inferred from Figure 5-A and 5-B in Korn et al. (2006) considering (a) only nongonochoric populations, (b) including the gonochoric population
from Espolla, and (c) Iberian populations of the mauritanicus complex.
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Azambuja, approximately 40 km northwest of anterior to the distal spine observed in the speci-
the rice fields sampled in this study (Fig. 2). It is mens identified as 7. cancriformis relative to the
also interesting to note the minute carina spines larger spines observed in 7. baeticus.

Triops baeticus Azambuja Triops cancriformis Sorraia

Figure 2. Morphological characteristics of T. cancriformis from Vale do Sorraia compared with those of 7. baeticus from Azambuja:
Posterior part of the body, dorsal view (A, B); posterior part of the body, lateral view (C, D); posterior part of carapace carina, dorsal
view (E, F); posterior part of carapace carina, lateral view (G, H). Comparagdo das caracteristicas morfologicas de T. cancriformis do
Vale do Sorraia com as de T. baeticus da Azambuja: parte posterior do corpo, visdo dorsal (A, B); parte posterior do corpo, visdo lat-
eral (C, D), parte posterior da carena da carapaga, visdo dorsal (E, F); parte posterior da carena da carapaga, visdo lateral (G, H).

Limnetica, 36 (2): 543-555 (2017)
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DISCUSSION

The Triops population inhabiting the rice fields
of Vale do Sorraia could be unambiguously as-
cribed to the species Triops cancriformis both
by morphological analysis and by the observed
sex ratio that suggests a nongonochoric repro-
ductive type. The absence of males in a sample
of 40 individuals strongly suggests that these ei-
ther reproduce by selfing hermaphroditism or
automictic parthenogenesis, or by androdioecy
(Zierold et al., 2009; Mathers et al., 2013). These
are the most widespread reproductive modes
in T. cancriformis, which has only one known
gonochoric population i.e. that of the Espolla
temporary pond in the eastern Iberian Peninsula
(Korn et al., 2006; Boix et al., 2002). Scanabissi
et al. (2005) reported the occurrence of a popu-
lation with equal sex ratio in Corbiéres, southern
France referenced to Nourisson & Thiery (1988).
This is probably a mistake because Nourisson
& Thiery do not make such claim in their arti-
cle, and as noted by Korn et al. (2006), “Thiéry
(1988) only reported one population of Triops (T.
c. cancriformis) in that region (Opul temporary
pond), from which Knoepffler (1978) reported
the complete absence of males in a sample of
300 specimens”. Zierold et al. (2007) noted that
the population from Espolla (and other from
El Puig, Spain) shared haplotype H1 with five
T. c. cancriformis individuals from four dif-
ferent populations in Germany, and concluded
that the populations that “show different repro-
ductive modes, are not represented by distinct
monophyletic lineages”.

The Sorraia population also presents morpho-
logical similarity to 7. simplex. In fact, morpho-
logical characters distinguishing 7. cancriformis
from T. simplex are not known (Korn et al.,
2006) and in the past, populations of 7. cancri-
formis have been attributed to the former 7. c.
simplex, considered a sub-species of T. cancri-
formis at the time (Alonso, 1985; 1996; Boix et
al., 2002; Zierold et al., 2007). Only recently
the classification based on genetic sequences has
been established for these species by Korn et
al. (2006; 2010). T. simplex is present in East-
ern Spain with a population in Ares del Maestre
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(Comunitat Valenciana), a location well within
the distribution area of 7. cancriformis in the
Iberian Peninsula, and that may explain why
some authors disagree on the taxonomic iden-
tity of Triops populations in that region (see
Korn et al., 2006; 2010 and Zierold et al., 2007).
Nevertheless, all reported populations of 7. sim-
plex are gonochoric (Longhurst, 1955; Thiery,
1996; Korn et al., 2006; Hassan, 2015) which
enables the assignment of the Sorraia popula-
tion to the species Triops cancriformis (where
non-gonochoric populations are known) without
performing a genetic study.

The presence of this hermaphroditic/partheno-
genic or androdioecious population of T. cancri-
formis in the Iberian Peninsula contrasts with
the gonochoric nature of that from Espolla
and makes its finding all the more interesting
in evolutionary terms. The gonochoric repro-
ductive mode is considered to be the ancestral
condition (Zierold et al., 2007 and references
therein). Korn et al. (2006) hypothesized that
a nongonochoric lineage has originated from a
gonochoric ancestor located in Spain that would
form parthenogenetic/hermaphroditic and an-
drodioecious populations. This nongonochoric
lineage would further diverge while spreading
eastwards during postglacial periods in the Pleis-
tocene, namely to mainland Italy and Israel (see
Korn et al., 2006 and references therein). These
two areas should have not lost 7riops popula-
tions during the Ice Ages, and like the Iberian
Peninsula could have offered a Pleistocene
refuge to ancient lineages. The parthenogene-
tic/hermaphrodite/androdioecious lineages pre-
sent nowadays in Northern and Central Europe
are considered to have derived from those glacial
Pleistocene refuges after the last Ice Age (Korn
et al., 2006; Zierold et al., 2007).

Consequently, the question arises concern-
ing the origin of the population recently found
in Sorraia rice fields. Has it derived directly
from the assumed Iberian Pleistocene refuge? Or
has it resulted from a recent colonization from
non-Iberian populations? To discuss the first
hypothesis, we have to consider that the only
confirmed 7. cancriformis population in Iberia
(from Espolla, Spain) is gonochoric. Recent-
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ly, other population of Triops was recorded by
Sahuquillo (2012) at Rebalsador (39°49'31”N,
00°39’51”W, Comunitat Valenciana, eastern
Spain), which is located 387 km SE from Espolla
and 83km SE to Ares del Maestre. This popula-
tion is probably gonochoric since 7 males were
observed in a sample of 12 specimens. The mor-
phology of the individuals was consistent with
both T. cancriformis and T. simplex (see Table
4.2 in Sahuquillo, 2012) and the unambiguous
identification of the Rebalsador population re-
quires a genetic study. If this population belongs
indeed to T. cancriformis, it should have derived
directly from the gonochoric ancestor located in
Spain, as hypothesized by Korn et al. (2006).
Considering that the population from El Puig
(Comunitat Valenciana, Eastern Spain, which is
ca. 58 Km from Rebalsador) has the same hap-
lotype than that of Espolla (Zierold et al. 2007),
it would be relevant to genetically analyse the
three populations plus the population from Sor-
raia to clarify how they are related. Unhappily
the reproductive mode of the El Puig popula-
tion is not mentioned by Zierold et al. (2007).
If this population and that from Sorraia are both
nongonochoric and share the same haplotype
with the population from Espolla, they may both
derive from the primitive nongonochoric lin-
eage, as hypothesized by Korn et al. (2006) (see
above). If only the population from Sorraia is
nongonochoric and share the haplotype with the
population from Espolla, then the population
from Sorraia may be the only known population
derived from the primitive nongonochoric pop-
ulations from the Iberian Pleistocene refuge. As
there is no evidence of long-distance dispersal
for gonochoric populations (Korn et al., 2006),
the probability that the Portuguese population
has derived directly from gonochoric populations
from the Iberian Pleistocene refuge is quite low.

The potentially high dispersal abilities of 7ri-
ops spp. diapausing cysts and the reproductive
mode inferred for the Portuguese population
seems to favour the 2° hypothesis of recent
colonization from non-Iberian populations, as
a single selfing hermaphrodite or partheno-
genetic individual can theoretically originate a
new population while a minimum of two cysts

originating individuals of different sex would
be required to start a population (Korn et al.,
2006; Zierold et al., 2007). The hermaphrodite
or parthenogenetic population would also have
a greater reproductive potential (i.e. all individ-
uals lay eggs) relative to gonochoric populations
composed of roughly 50% males (Zaffagnini &
Trentini, 1980). The founding cyst(s) could re-
sult from long-distance passive dispersal through
external transport by migratory birds. Rice fields
are highly frequented by migrant waterbirds,
functioning normally as feeding areas (Elph-
ick, 2010 and references therein). In the Sorraia
rice pads several bird species could be observed
including flamingos, black-winged stilts, spoon-
bills (V. Encarnagdo, pers. obs.), great white
egrets and northern lapwings. Except for the
spoonbill, these species use or visit the rice fields
from Camargue (France, Tourenq et al., 2001;
2003). National ringing-recovery programs for
aquatic birds have shown that E. alba comes
from the central Europe (mainly Hungary) while
the other species arrive from Camargue and/or
from the mainland of Italy (V. Encarnagdo, pers.
com.). At Camargue, the occurrence of maleless
populations of T. cancriformis is known from
1951 (Zaffagnini & Trentini, 1980; Pont & Va-
quer, 1986). In mainland of Italy, where no
gonochoric populations of this species have been
found (Korn et al., 2006; Mantovani et al., 2008),
T. cancriformis is known to occur in a consider-
able number of rice fields (Zaffagnini & Trentini,
1980; Golfieri & Bonato, 2014). For some of
these populations, males have been reported as
absent, while for the major part of populations
the sex system is unknown (Golfieri & Bon-
ato, 2014). Gill et al. (2005) has confirmed the
ability of an aquatic bird species to perform non-
stop flights as long as 11 000 km. Flamingos,
black-winged stilts and spoonbills, coming from
the South of France or from the Italian rice fields to
those at Vale do Sorraia, are able to cover the dis-
tance through one nonstop flight (V. Encarnacéo,
pers. com.). Hence they can act as vectors for the
colonization of those Portuguese rice fields by a
nongonochoric population of 7. cancriformis from
Central Europe, when transporting cysts attached
to feathers or to their legs (Viana et al., 2016).
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The other possible vector for this coloniza-
tion is the rice seed that is used for production in
the Vale do Sorraia. Seeds are routinely imported
from Italy, which is the main rice producer in
Europe, by rice growers associations and compa-
nies e.g. Lusosem that imports seeds from Almo
Company (Novara, Italia) (Lusosem, 2010; A. S.
Almeida, pers. com.). Some dry Triops cysts can
eventually be unwittingly transported with those
seeds as it is known to occur with other crus-
taceans inhabiting temporary freshwater habitats
(McKenzie & Moroni, 1986) and with the main
introduced weeds in rice fields (Vasconcelos et
al., 1999).

Other possibility for the origin of the Por-
tuguese population would be a modification of
the second hypothesis i.e. it derives from the 7.
cancriformis populations inhabiting rice fields
of northern and eastern Spain, which had them-
selves originated from Central and Northern
European populations. Indeed, Triops has been
recorded in Spanish rice fields since the early
20t century (Arévalo, 1915; Font de Mora, 1923;
Bolivar, 1926; all cited in Boix, 2002). Later, this
taxon was reported from several other rice fields
from northeastern to eastern Spain (Forés et al.,
1986; Boix, 2002). Some of those populations
should be nongonochoric as stated by Longhurst
(1955). Populations from eastern Spain (Comu-
nitat Valenciana) previously reported as 7. can-
criformis simplex by Alonso (1985) may belong
to T. cancriformis as suggested by the results
of Zierold et al. (2007). These authors identi-
fied 2 haplotypes of T. cancriformis from Ullal
de Baldovi, which is completely surrounded by
Albufera de Valéncia rice fields. Those haplo-
types are closer to some haplotypes from Central
and northern Europe then to the supposedly
primitive haplotype from Espolla. This strongly
suggests that the 7. cancriformis population from
Albufera de Valéncia rice fields has originated
from Central and northern Europe populations
through long distance dispersal recent events.
Cysts from the Spanish populations inhabit-
ing rice fields could have been transported by
aquatic birds and then disperse and colonize the
Sorraia rice fields. Internal transport by birds is
also a possibility. The resistant stages of some
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invertebrate are viable after 26 h retention in
the gut of mallards (Green & Figuerola, 2005).
Considering a distance of approximately 750 km
between Albufera de Valéncia and Sorraia rice
fields where mallards have been observed (Al-
bufera de Valéncia, 2009) and that mallards can
fly up to 110 km/h (Wikipedia, 2016), these birds
may disperse Triops resistant eggs.

The origin of the population of 7. cancri-
formis inhabiting the rice fields of Sorraia can
only be clarified by multilocus phylogenetic
analysis of Triops specimens from rice field pop-
ulations from Camargue, Italy and the Iberian
Peninsula. An exhaustive genetic study of the
Triops populations known hitherto in the north-
ern and eastern Spain and previously identified
as T. c. simplex, integrating information on the
sexual systems of the populations, is impera-
tive to fully understand the distribution patterns
of both T. cancriformis and of the several other
Triops species that are known to coexist in the
Iberian Peninsula.
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