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ABSTRACT

The lack of information about Notostraca and Spinicaudata in general, and particularly about these taxa in Portugal, can be
due to the fact that they are typical of temporary ponds. As most of the species only occur in this kind of habitats, which are
highly vulnerable to human action, the study of these systemsis of great importance in order to define strategies for their con-
servation. In April 1996, Triops cancriformis mauritanicus - Branchiopoda, Notostraca - was found in six lagoons from the
Vilado Bispo area and in two of those was also found Cyzicus grubei (Simon) - Branchiopoda, Spinicaudata - a species con-
sidered endemic to the Iberian Peninsula. In spite of being previously cited as part of the Portuguese fauna (in 1944 and 1951)
they were only recently reported in Southwest Portugal (Machado et al., 1999) and there are no other recent records in
Portugal. The dimensions of T. c. mauritanicus (maximum standard length = 68.3 mm) are well within those referenced for
the Iberian Peninsula, but the maximum valve length of C. grubei (15.1 mm) is about 25% higher than that reported for this
species. The morphometric relation studied for T. ¢. mauritanicus (standard length / carapace length) show sexual dimorphism,
whilethat studied for C. grubei (valve height / valve length) show no difference between sexes. For both species, modal analy-
sis of length frequency distributions suggests the presence of only one cohort. Concerning the sex ratio and athough there
seems to be a 1:1 ratio for both T. c. mauritanicus and C. grubei, we have found that this ratio is variable among samples.
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RESUMEN

La falta de informacién sobre Notostraca y Spinicaudata en general, y en particular sobre estas taxa en Portugal, puede ser
debida a que son tipicas de lagunas e charcas temporales. Dado que la mayoria de estas especies aparecen solamente en este
tipo de habitats, altamente vulnerables a la accion humana, es clara la importancia del estudio de dichos sistemas con € fin
de definir estrategias para su conservacion. En Abril de 1996, Triops cancriformis mauritanicus - Branchiopoda, Notostraca
- fue detectado en seis lagunas del area de Vila do Bispo, en dos de las cuales se encontré también Cyzicus grubei (Smon) -
Branchiopoda, Spinicaudata - una especie considerada endemica de la Peninsula Ibérica. A pesar de haber sido previamente
citadas como parte de la fauna portuguesa (en 1944 y 1951) no han sido registradas en el SW portugués sino recientemente
(Machado et d., 1999), ni existen otras referencias recientes en Portugal. Las dimensiones de T. ¢. mauritanicus ( longitud
standard méxima = 68.3 mm) estan dentro de las descritas para la Peninsula Ibérica; sin embargo la longitud méxima de la
valva en C. grubei (15.1 mm) es aproximadamente un 25% superior a la descrita para esta especie. La relacion morfométri-
ca estudiada en T. ¢. mauritanicus (longitud standard / longitud del caparazon) muestra dimorfismo sexual, mientras que la
estudiada en C. grubei (altura de la valva / longitud de la valva) no muestra diferencias entre sexos. En ambas especies, €
analisis modal de la frecuencia de longitudes apunta hacia la presencia de una sola cohorte. En cuanto a la ratio de sexos, y
aunque parece ajustarse a 1:1 tanto para T. c. mauritanicus como para C. grubei, se ha encontrado que dicha relacion es
variable entre muestreos.

Palabras clave: Notostraca, Spinicaudata, charcas temporales, dados biol 6gicos.
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INTRODUCTION

The lack of information on large (non-cladoce-
ran) Branchiopoda, particularly in Portugal, may
be due to the fact that they are species typical of
temporary ponds. The duration and timing of the
flooding period of these habitats are dependent
on the rain regime, which may vary from year to
year and, perhaps for this reason, such ponds
have attracted little interest among the scientific
community. However, as large branchiopods
occur mostly in this kind of habitat, which is
highly vulnerable to human action, the study of
these systemsis clearly necessary in order to per-
mit the definition of strategies for conservation.

In addition, the importance of temporary
ponds has been recognised by the Portuguese
government as a subscriber of the Directive
92/43/CEE, where Temporary Mediterra-
nean Ponds are classified as priority habitats.
Therefore, the study of their fauna and flora
is essential.

In April of 1996, an unusual rainy year follow-
ing along period of drought, Triops cancriformis
mauritanicus (Notostraca) and Cyzicus grubel
(Spinicaudata), were found in several lagoons in
the Vilado Bispo area (Fig. 1). In spite of having
been previoudy reported in the Portuguese fauna,
(Carvalho, 1944; Vianna-Fernandes, 1951), they

were never listed in the Southwest region until
very recently (Machado et al., 1999) and there
are no other recent records in Portugal of these
taxa. T. c. mauritanicus is a subspecies confined
to Northwest Africa, the Balearic Islands and the
southern half of the Iberian Peninsula
(Longhurst, 1955; Alonso, 1985); C. grubei is a
species endemic to the Iberian Peninsula and the
Balearic Idlands (Alonso, 1996).

This paper presents the first biological study of
T. ¢. mauritanicus and C. grubei in the SW end of
Portugal.

MATERIAL AND METHODS
Sudy area

During spring 1996, several temporary ponds in
the Vilado Bispo areawere inspected (Reiset al .,
1997) (Fig. 1). These ponds are located in the
Southwest Vicentine plateau, in those zones
where the superficial sandy layer which covers
the littoral Southwest plateau has not been erod-
ed by the wind. The climate is Mediterranean
with a clear Atlantic influence, presenting arid
summers, torrential rain periods in autumn-win-
ter and a strong annual wind regime. Table 1
summarises environmental characteristics of

Table 1. Environmental characteristics of temporary ponds inhabited by Cyzicus grubei and/or Triops cancriformis mauritanicus. Pond code
follows Alcazar (1998). Persistence (P) scale : 1 — Usually dry before April; 2 — Usually dry before summer; 3 — Usually dry before autumn.
Classes of ground cover by vegetation (GCV): a — poor cover; b — dense cover with bare zones. (COND. = Conductivity, as measured in
13/4/96). Caracteristicas ambientales de las lagunas temporal es habitadas por Cyzicus grubel y/o Triops cancriformis mauritanicus. El codi-
go de lagunas de acuerdo con Alcazar (1998). Escala de persistencia (P): 1 — Normalmente seca antes de Abril; 2 — Normalmente seca antes
del verano; 3 — Normalmente seca antes del otofio. Clases de cobertura vegetal (GCV): a — cobertura pobre; b — cobertura densa con zonas

libres. (COND. = Condutividad, medida el 13/4/96).

Pond Maximum Maximum Sail Mean Annual P Cond. GCV Altitude
Area Depth Nature Rainfall (mhos) (masl)
(m?) (m) (mm)

G3 7 300 >1 Sandy-clayish 400 3 300 b 75
G12 72 000 >1 Sandy-clayish 480 2 290 b 135
G16 3500 >1 Sandy-clayish 480 3 — b 135
G35 1900 0.7 Sandy-clayish 480 2 300 b 135
G37 13 300 0.7 Sandy-clayish 400 1 1500 a 60

Budens 45 000 >1 Sandy 480 3 300 b 140
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Figure 1. Inspected temporary pondsin the Vilado Bispo area; black
circles symbolise ponds inhabited by Triops cancriformis mauritani-
cus and Cyzicus grubei; grey circles, pondsinhabited by T. c. maurita-
nicus; and blank circles, ponds where neither of these taxa were found.
Pond code follows Alcazar (1998). Lagunas temporales inspecciona-
das en € area de Vila do Bispo; los circulos negros representan lagu-
nas habitadas por Triops cancriformis mauritanicusy Cyzicus grubei;
los circulos grises, lagunas habitadas por T. mauritanicus; los circu-
los blancos, lagunas donde ninguno de estos taxa ha sido encontrado.
El codigo de lagunas de acuerdo con Alcazar (1998).

Table 2. Triops cancriformis mauritanicus and Cyzcus grubei —
1996 sampling. Pond code follows Alcazar (1998). (Dry ind. =
Individuals collected after pond drying). Triops cancriformis mau-
ritanicus y Cyzicus grubei — Muestreo 1996. El codigo de lagunas
de acuerdo con Alcazar (1998). (Dry ind. = Individuos recogidos
después del secado de la laguna).

Sampled T. cancriformis
Ponds mauritanicus Cyzicus grubei
Date  Number Date Number
G12 13/4 2
G35 13/4 5
Budens 13/4 5
G3 13/4 6 13/4 5
G37 30/3 76 30/3 39
G37 13/4 50 13/4 95
G37 Dryind. 104

those ponds where Triops cancriformis maurita-
nicus and/or Cyzcus grubei were found.

Sampling

Punctual samples of Triops cancriformis mauri-
tanicus and Cyzicus grubei were taken from
inspected ponds in different occasions (Table 2).
The samples were collected using a6 mm? mesh
hand net. Samples were preserved in 70% ethilic
alcohoal, for posterior analysis. Animals collected
in April from pond G37 were kept alive in an
aguarium. In December 11, pond G37 was till
dry and a sample of dried specimens of C. grubei
was taken at its lowest point, were they had
accumulated. This indicates that most of them
must have died at the time the pond dried com-
pletely. The exact time of this occurrence could
not be determined.

The recorded biological data were: standard
length (carapace anterior tip to telson posterior
tip), carapace length (measured along the median
ridge) and sex, for T. c. mauritanicus, and valve
length, valve height and sex, for C. grubei.

The animals kept in aquarium were processed
only after their natural death, which occurred
between April and June 1996. The dry specimens
of C. grubei were rehydrated before being
observed and measured.

Data analysis

For Triops cancriformis mauritanicus as for
Cyzicus grubei, the corresponding population
densities have allowed studies on biometric rela-
tionships and population structure only in pond
G37. The population structure was only deter-
mined based on the sample of 30/3/96 since this
is the only true punctual sample from this pond.
Comparison of medium length values was per-
formed through t Student tests. Regression lines
were compared, using the Snedcor and Cochrane
(1980) method. Length frequency distributions
were built using the 3 class moving average
method (Castro & Gancho, 1996). The cohort
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analysis was performed by applying the Harding
and Cassie method through the ANAMOD pro-
gram (Nogueira, 1992).

RESULTSAND DISCUSSION
Triops cancriformis mauritanicus

The relationship between carapace length and
standard length is shown in figure 2 for males and
females. When compared, these two regression
lineswere found to differ significantly only inthe
intersept (p<0.001). This result shows that, with-
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Figure 2. Triops cancriformis mauritanicus from pond G37: regres-
sion lines of standard length on carapace length for males (A) and
females (B). Triops cancriformis mauritanicus de la laguna G37:
rectas de regresion entre longitud standard y longitud del capa-
razon en machos (A) y hembras (B).

in the considered length range, females have a
bigger carapace than males (Fig. 2), a fact that
had already been noted by other authors
(Longhurst,1955).

Table 3. Triops cancriformis mauritanicus - biometric value ranges
for males and females. (N = total number of individuals — number
of individuals which could not be measured and/or sexed). Triops
cancriformis mauritanicus - Rangos de valores biométricos en
machos y hembras. (N = n° total de individuos - n° de individuos
no medibles y/o no atribuibles a un sexo).

Parameter Males Females
(N=79) (N=54)

Standard 23.35- 56.75 32.26 - 68.27

length (mm)

Carapace 19.05 - 45.55 27.01-56.31

length (mm)

The maximum recorded standard length (Table 3)
is well within that reported for the Iberian
Peninsula - 70mm (Alonso, 1996).

The results of the study on population struc-
ture of T. c. mauritanicus in pond G37 are pre-
sented in figure 3. The medium value of the
female carapace length distribution (32.2 mm)
proved to be significantly higher (p<0.001) than
the corresponding value for males (27.8 mm).
Concerning the male distribution, amodal analy-
sis was successfully attempted. The unimodal
theoretical distribution was not significantly dif-
ferent (p>0.05) from the observed carapace
length frequency distribution and, in fact, avery
good adjustment was obtained (fig. 3). This
seems to indicate that only one cohort was pres-
ent in the population. However, subsequent stud-
ies by the same authors (work in progress) indi-
cate the possibility of the existence of subse-
quent, less important generations. This was also
noted by Alonso (1996).

The sex ratios recorded in the sampled ponds
are shown in Table 4. In two out of three samples,
the values are close to the unity. Triops cancri-
formis is a species that shows a variation in sex
ratio with the latitude (Nourisson & Thiéry,
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Figure 3. Triops cancriformis mauritanicus from pond G37
(30/3/96): carapace length frequency distribution for males and
females; modal analysis for male distribution. The arrow indicates
the medium point of the theoretical distribution. Triops cancriformis
mauritanicus de la laguna G37 (30/3/96): distribucion de frecuen-
cias de la longitud del caparazon en machos y hembras; andlisis
modal dela distribucion en machos. La flechaindica el punto medio
de la distribucion tedrica.

Table 4. Triops cancriformis mauritanicus - percentage of males
and femalesin different samples. (N = total number of individuals -
number of individuals which could not be sexed). Triops cancrifor-
mis mauritanicus - porcentaje de machos y hembras en diferentes
muestreos. (N = n° total de individuos - n° de individuos no atribui-
bles a un sexo).

Sample N % Males % Females
G37 30/3/96 76 71.1 28.9
G37 13/4/96 42 45.2 54.8
Other ponds 17 471 52.9
13/4/96

1988). Above 50° N the populations are usually
composed strictly by femal es; between 45° N and
50° N there is alow percentage of males; below
45° N the sex ratio is 1:1. According to Longhurst
(1955) the subspecies mauritanicus is bisexual.
However, Thiéry (1978) noticed that, besides
that related to the latitude, thereisagreat variabili-

ty in the sex ratio of Notostraca, which may be due
to a differential microdistribution of sexes in the
habitat and different male and female life span.

Hence care must be taken when discussing
punctual sample results. The deviation of the
value recorded for the first sample taken from
pond G37 from the expected 1:1 ratio, could be
due to a differential mortality between sexes
related to a greater tolerance of males to adverse
environmental conditions, since branchiopods
were collected from an isolated pool which was
about to dry. Inrelation to this, Thiéry (1987) has
observed that mal es of the M orrocan branchiopod
species are often dominant at the end of the hy-
drologic cycle.

Table 5. Cyzcus grubei — biometric value ranges for males and
females. (N = total number of individuals — number of individuals
which could not be sexed). Cyzicus grubei — Rangos de valores
biométricos en machos y hembras. (N = n° total de individuos - n°
de individuos no atribuibles a un sexo).

Par ameter Males Females
(N=128) (N=60)
Valve length (mm) 9.76 - 15.12 10.90 - 13.76
Valve height (mm) 6.90 - 10.32 7.28-9.31
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Figure 4. Cyzcus grubel from pond G37: regression line of valve
height on valve length. Cyzicus grubei de la laguna G37: recta de
regresion entre altura y longitud de la valva.
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Cyzcus grubei

The morphometric relationships between valve
height and valve length for males and females
proved to be non significantly different (p>0.05);
therefore data from both sexes were pooled (Fig.
4). The resulting regression line characterises the
population of C. grubei from pond G37 under the
prevailing environmental conditions at the
1995/96 flooding period.

The maximum valve length (Table 5) was
about 25% higher than that previously cited - 12
mm (Alonso, 1996).

Theresults of the study on population structure
of C. grubei from pond G37 are presented in fi-
gure 5. The medium value of male valve length
distribution (12.9 mm) proved to be significantly
higher (p<0.001) than that relative to the females
(12.2 mm). Concerning the male distribution, a
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Figure 5. Cyzcus grubei from pond G37 (30/3/96): valve length
frequency distribution for males and females; modal analysis for
male distribution. The arrow indicates the medium point of the
theoretical distribution. Cyzicus grubei de la laguna G37 (30/3/96):
distribucién de frecuencias de la longitud de la valva en machos y
hembras; anélisis modal de la distribucién en machos. La flecha
indica el punto medio de la distribucion tedrica.

Table 6. Cyzicus grubei — percentage of males and femalesin diffe-
rent samples. (N = total number of individuals - number individuals
which could not be sexed). Cyzicus grubel — porcentaje de machos
y hembras en diferentes muestreos. (N = n° total de individuos - n°
de individuos no atribuibles a un sexo).

Sample N % Males % Females
G37 30/3/96 39 76.9 23.1
G37 13/4/96 63 77.8 22.2

G3 13/4/96 4 75 25
G37 Dry ind. 86 57 43

modal analysiswas performed. The resulting uni-
modal theoretical distribution was not signifi-
cantly different (p>0.05) from the observed valve
length frequency distribution (Fig. 5). This indi-
cates the existence of asingle cohort for the dura-
tion of the flooding period. Such assumption
could be confirmed by subsequent observations.

The sex ratios recorded were closeto 4:1 in all
sampl es taken from living populations, but not in
that from the dry individuals (Table 6).

As Sassaman (1995) has pointed out, sex
ratios based on field samples from natural popu-
lations should be viewed with caution, as males
and females may display a differential microdis-
tribution in the habitat due to a differential
behaviour, ecological preferences or microhabi-
tat uses. Furthermore, the two sexes may differ
in survivorship.

In Cyzicidae, sex ratio is characterised by an
equality between males and females (Sassaman,
1995). So the ratio observed in our samples sug-
gests the existence of a different distribution pat-
tern of the two sexes in these habitats, which di-
sappear as far as the water body diminishes, and
the animals are forced to concentrate in small
pools, just before dying desiccated.

This first approach to the study of Branchio-
poda populations in SW Portugal provides much
needed background information for future stu-
dies, aiming to increase our knowledge of the
biology and ecology of these species, and thus
contributing to the establishment of suitable
measures for the correct management of tempo-
rary ponds.
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Further work is urgently required and essential
for the development of strategies for the conser-
vation and management of these endangered and
fragile habitats.
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