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ABSTRACT

Summer survival and habitat characteristics of a threespine stickleback (Gasterosteus aculeatus 1..) Southern european
population

In April 2006, the relationships between the spatial distribution of a threespine stickleback (Gasterosteus aculeatus L.) sout-
hern European population during breeding season and the environmental parameters were investigated in the Almansor River,
a Mediterranean type river in Portugal. This species distribution and survival rate during the previous summer period were also
taken into account in this study. Despite the high mortality suffered by the juvenile in the upstream summer pools, the three-
spine stickleback adults continue to prefer this river stretch for spawning. In this period, male sticklebacks showed preference
for sites that were rich in fish species and vegetation, where there is a greater protection against environmental fluctuations
and anthropogenic pressures. Male distribution was also dependent on predation risk, for they were more abundant at sites
with fewer potential predators. The abundance of females was positively related to male abundance, showing that, above all
other variables, male nesting site was the main factor influencing their distribution, during breeding season.

Key words: Threespine stickleback, Mediterranean type streams, summer survival, breeding season, spatial distribution,
Portugal.

RESUMEN

Supervivencia estival y caracteristicas del habitat de una poblacion de espinoso (Gasterosteus aculeatus L.) del Sur de
Europa

En abril de 2006 se estudiaron las relaciones entre la distribucion espacial de una poblacion de espinosos del sur de Europa
(Gasterosteus aculeatus L.) durante la época de reproduccion y los pardmetros ambientales en el rio Almansor, un rio de
Portugal de tipo mediterrdneo. La distribucion de esta especie y la tasa de supervivencia durante el anterior periodo estival
también se tuvieron muy en cuenta en este estudio. A pesar de la alta tasa de mortalidad de los juveniles en las charcas de
verano aguas arriba, los espinosos adultos siguen prefiriendo este tramo del rio para el desove. Durante este periodo, los
machos de espinoso prefirieron lugares ricos en especies de peces y vegetacion, donde estdn mds protegidos de las fluctua-
ciones ambientales y la presion antropogénica. La distribucion de los machos también dependia del riesgo de depredacion,
puesto que eran mds abundantes en lugares con menos depredadores potenciales. La abundancia de hembras se relacionaba
positivamente con la de los machos, poniendo de manifiesto que, por encima de todas las demds variables, el lugar en el que
el macho construye el nido fue el principal factor de influencia en su distribucion durante la época de reproduccion.

Palabras clave: Espinoso, rios de tipo mediterrdneo, supervivencia en verano, época reproductiva, distribucion espacial,
Portugal.
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INTRODUCTION

The threespine stickleback (Gasterosteus aculea-
tus L.) comprises a complex of widely distribu-
ted and phenotypic differentiated populations, in-
cluding some that are clearly separate biological
species (Hagen, 1967; Rundle et al., 2000; Berna,
2001; Mattern, 2004). In the Iberian Peninsula,
the taxonomic status of this species complex is
not completely resolved. Some authors have re-
gistered several morphological and meristic dif-
ferences between individuals from this southern
region and others coming from more northern la-
titudes (Lobon-Cervia et al., 1988; Fernandez et
al., 2000; Hermida er al., 2005). After a brief
period, where this southern population was clas-
sified as Gasterosteus gymnurus (Cuvier, 1829),
which was never completely accepted, the latest
taxonomic review included it again in G. acu-
leatus (Kottelat & Freyhof, 2007). This species
usually includes two different ecological forms,
namely an anadromous form that inhabits the
coastal areas and migrates upstream into riveri-
ne environments during breeding season, and a
freshwater resident form (Rogado et al., 2005).
These two forms have phenotypic differences;
the number of lateral bony plates, size and body
coloration being the most visible (Snyder, 1991;
Rubidge, 2000; Berna, 2001).

The reproduction of G. aculeatus usually occurs
between April and June, when the water temperature
is close to 14-16°C (Sterba, 1973; Allen and
Wootton, 1982; Doadrio, 2001). In anadromous
populations, the upstream migration begins in early
spring. At this time, males develop secondary sexual
characteristics such as conspicuous breeding colours
with a red throat and abdomen and bright blue
eyes (Pall et al., 2005). Females become sexually
mature only once per year but the spawning occurs at
intervals of a few days (Fletcher and Wootton, 1995).
When the breeding season begins, the male beco-
mes territorial and aggressive towards other fis-
hes and selects a place to build the nest to where
the females are attracted and where they deposit
their eggs (Peultkuri et al., 1995).

When this species is present in freshwater en-
vironments, it occurs in many habitats, but is
less common or even absent in mountain and

intermittent hydrological regime streams (Liyth-
goe and Liythgoe, 1971; Garcia-Berthou and
Moreno-Amich, 2000; Doadrio, 2001; Rogado et
al., 2005). There is a variety of biotic and abio-
tic parameters, which influence habitat selection
by this species. Some of these parameters ha-
ve been described, namely the sediment charac-
teristics (e.g. Mori, 1994; Rodewald and Foster,
1998; Webster and Hart, 2004), dissolved oxygen
(Lewis et al., 1972), current velocity and depth
(e.g. Almaca, 1996; Copp and Kovac, 2003), and
presence or absence of vegetation (e.g. Almaca,
1996; Doadrio, 2001; Candolin and Voigt, 2003).

Observations made previous to this study,
confirmed the presence of an important threespi-
ne stickleback population in the Almansor River,
a Mediterranean type stream, known for having
a marked intermittent hydrological regime. The
lack of knowledge about the ecology of this spe-
cies in Portugal, close to the southern margin of
its distribution, and the fact that it was classified
as “endangered” in the last revision of the Portu-
guese Red List of Endangered Species (Rogado
et al., 2005), makes the gathering of information
in order to propose management measures that
could avoid the extinction of this species from
this region imperative. Having this in mind, two
main objectives were defined in this study: (i) to
characterize the species’ spatial distribution and
survival during the summer period in an intermit-
tent river, and (ii) to identify the relationship bet-
ween environmental parameters and the spatial
distribution of the adult fraction of the population
during the breeding season.

This study is of great importance, because the
identification of preferential aggregation sites of
individuals of this species during these two critical
periods of their life cycle, would allow a proper
management of the most important sites for the con-
servation of the threespine stickleback in Portugal.

MATERIAL AND METHODS

Study area

One of the major tributaries of the Sorraia Ri-
ver, the Almansor River, covers an area of about
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Figure 1. Location of the study area in the Almansor River, Portugal. Circles (e) indicate the position of the sites (A1-A15) sampled
in April 2006. The amplified pictures represent the location of the 16 isolated pools (P1-P16) sampled in August and October 2005.
Localizacion del drea de estudio en el rio Almansor. Portugal. Los puntos (e) indican la posicion de los lugares (A1-A15) muestreados
en abril de 2006. Las imdgenes ampliadas representan la localizacion de las 16 charcas aisladas (P1-P16) muestreadas en agosto y

octubre de 2005.

1081 km?, with a length of 96.7 km. These two ri-
vers belong to the Tagus River basin, considered
Europe’s fifth major basin in terms of area and
the third on the Iberian Peninsula, covering a total
surface of about 80629 km?, of which 24800 km?
(30 %) are in Portuguese territory (INAG, 1999).
The Almansor River is located in the southern re-
gion of Portugal in an area characterized by low
mean annual precipitation (730 mm) and high
mean annual temperature (16 °C), having a typi-
cal Mediterranean flow regime. During summer,
it is usual to see a completely dry bed or the for-
mation of isolated pools in some reaches of the
river. This river is subject to considerable stress,
especially of anthropogenic origin, mainly because
of the many towns with small industries and
agricultural fields through which its course runs.
The sampling areas were selected following
previous surveys (July 2005 and March 2000),

which identified a reach with 16 isolated pools
for the summer samplings and 15 sites to be sam-
pled in the following spring (Fig. 1).

Field Sampling

For the characterization of this species’ distri-
bution and survival during the summer period,
the 16 isolated pools selected were sampled for
the first time in August 2005. Fish were collect-
ed with an electric fishing device (Hans Grassl
EL62, 600V DC, 10A). All fishing samples took
a minimum time of 20 minutes for later calcu-
lation of the capture per unit effort (CPUE). All
animals caught at each sampling site were count-
ed and the total length (TL) of threespine sti-
cklebacks was measured to the nearest millime-
tre. At the end of each sampling session, all ani-
mals were returned alive to the pools. Later, by
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the end of the summer period in October, the
remaining pools that did not dry were re-sam-
pled for fish survival estimation.

In April 2006, with the river in its regular
flow, samples were collected at 15 sampling si-
tes, following the procedure previously applied
in the summer. During the sampling, all species
found were collected, including the crustacean
Procambarus clarkii (Girard, 1852), commonly
known as the red swamp crayfish and described
by some authors as a serious threat to threespi-
ne stickleback eggs (Doadrio, 2001; Foster et al.,
2003; Rogado et al., 2005).

The number of lateral plates from both sides and
the body coloration of each individual were recorded
on both sampling seasons, in order to distinguish
between the two ecological forms of this species.

For each one of the 15 sites sampled in April
2006, dissolved oxygen (mg L") (Oxy), conduc-
tivity (uS/cm) (Cond), and pH (Sorensen scale)
(pH) were recorded, using a calibrated multi pa-
rameter probe (YS! 600 XLM-M) coupled to a
data logger viewer (Y'SI 650 MDS) and a pH pro-
be (pH 197 WTW). The temperature (°C) was al-
so recorded using a data logger Vemco Minilog-
t during a 24 h period, programmed with a ti-
me interval of 15 minutes between two consecu-
tive readings. Current velocity (ms™!) (Vel) was
measured using a Valeport current meter (Model
105) and the mean depth (Dpt) was obtained by
taking measurements (precision of 0.01 m) se-
veral times at each sampling site. To determine
the granulometrical composition and the organic
matter content (OMC) of the river bed sediment,
the first 15 cm of sediment were collected using a
UWITEC corer (inner diameter: 9 cm), in each of
the sampling sites. Finally, for each site sampled,
shade (Shd) (provided by the riparian habitat) and
aquatic vegetation cover (VCov) percentages we-
re registered by direct observation. The classes
used to measure these two parameters were:
0-20 %; 20-40 %; 40-60 %; 60-80 %; 80-100 %.

Laboratory Analysis

The granulometrical composition was determined
following the procedure described by Almeida and
Quintella (2002). The sediment samples were dried

at 60 °C during 24 h and a 100 g sub-sample (dry
weight) was washed in a 0.063 mm sieve to
determine the finer fraction (silt). The sediment
retained by the sieve (sand and gravel) was dried
again at 60 °C for another 24 h and passed through
a five sieve AFNOR type column (9.5 mm,
2.0 mm, 0.5 mm, 0.25 mm and 0.063 mm). The
sediment fractions retained in each sieve were
then individually weighed. The sampling sites
were then classified according to the Roux scale
as gravel (> 2.0mm), sand (2.0 mm-0.063 mm)
and silt (< 0.063 mm) (Roux, 1964).

The OMC ( %) was estimated from the reduction
in weight of a 50 g portion of sediment, after ignition
at 500 °C during a 24 h period (Almeida ez al., 1993).

Data Analysis

The abundance of G. aculeatus individuals in
each sampling station in Almansor River, for
each sex and length-class was estimated from
CPUE (capture per unit effort expressed in
number of individuals caught per 20 minutes
of fishing). After being measured, these indi-
viduals were assigned to 2 mm length-classes.
Fish species-richness (SRch) and species diver-
sity (Shannon-Wiener Index; SDiv), without con-
sidering the sticklebacks, were determined for
each sampling site. The abundance (CPUE) of
potential predators (Pred) of threespine stickle-
back and its eggs was calculated, using the num-
ber of specimens of mosquito fish Gambusia hol-
brooki Girard, 1859, pumpkinseed sunfish Lepo-
mis gibbosus L., eel Anguilla anguilla L., and
red swamp crayfish P. clarkii.

Before the statistical analysis, all non nor-
mal variables (Shapiro-Wilk W-test, P < 0.05)
were log-transformed to reduce deviations
from this assumption.

An ascending stepwise multiple linear regres-
sion method was used in order to relate the envi-
ronmental parameters recorded in each site sam-
pled in April with the threespine stickleback spa-
tial distribution, quantified as the species abun-
dance. In the first two analyses, male (MAb) and
female (FAb) abundances were used alternately
as dependent and independent variables. A third
regression procedure was applied, this time re-
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Table 1. CPUE (number of individuals caught per 20 minutes) of the species G. aculeatus in each sampled pool in the Almansor
River and the corresponding survival rate. CPUE (niimero de individuos capturados cada 20 minutos) de la especie G. aculeatus en
cada charca muestreada del rio Almansor y tasa de supervivencia correspondiente.

Sampled pools CPUE (August 2005) CPUE (October 2005) Survival rate ( %)
P1 8.8 Pool dried —
P2 0.0 0.0 —
P3 18.0 9.0 51.8
P4 2.0 1.0 50.0
P5 0.0 0.0 —
Po6 62.0 Pool dried —
P7 5.0 Pool dried —
P8 4.0 Pool dried —
P9 179.0 Pool dried —
P10 80.0 Pool dried —

P11 7.3 Pool dried —
P12 15.0 Pool dried —
P13 66.4 Pool dried —
P14 33.6 Pool dried —
P15 1.0 Pool dried —
P16 3.5 1.0 28.5

moving male abundance from the list of indepen-
dent variables, maintaining female abundance as
the dependent variable. The abundance of the two
genders was analysed separately to verify if there
were any sex related differences in the way the
environmental parameters are related to this spe-
cies’ distribution during the breeding season.

Before this analysis, the relation between all
independent variables was tested using a Pear-
son’s correlation test. From the variables that ex-
hibited a strong significant correlation (r > 0.90;
P-value < 0.05), only one of them was used in
the multiple regression procedures to avoid re-
dundancy errors. All statistical procedures were
applied using the SPSS 12.0 package.

RESULTS

During the first sampling period, in August 2005,
537 threespine sticklebacks were caught, in almost
all of the 16 pools, with the exception of P2 and
P5 where no other fish species was captured either.
The highest CPUE value of 179.0 was observed in
pool P9 where the number of sticklebacks caught
represented 33 % of the total number of this species
individuals registered in the first sampling season.
In the second sampling period, by the end of
the summer, only five pools remained (P2, P3,

P4, P5 e P16) since all the other had completely
dried out, causing a drastic reduction in almost all
fish species, including the sticklebacks (Table 1).
A total of only 17 sticklebacks were caught, at
pools P3, P4, and P16, resulting in a low global
survival rate of 3.2 %. The highest abundance value
during the October samplings was observed at
pool P3 with a CPUE value of 9.0, representing
82 % of the total number of threespine sticklebacks
caught at the end of the summer, but only 2 %
of all the individuals caught during the two pool
sampling campaigns. Individually, for each one
of the remaining pools, the species’ survival rate
presented medium values, with a maximum of
51.8 % at pool P3. The other fish species sampled at
the summer pools exhibited different survival rates.
We can only consider pools P3 and P16, where the
number of species captured and their abundance on
both sampling periods was enough to compare with
the sticklebacks (in P4 the only fish caught were
two sticklebacks). The individuals of the Genera
Lampetra spp. presented low survival rates (40 %
and 5 % at pool P3 and P16, respectively). Species
like Pseudochondrostoma polylepis Steindachner,
1864, Pseudochondrostoma lusitanicum Collares-
Pereira, 1980, and L. gibbosus exhibited generally
high mortality in the remaining pools, resulting
in survival rates near 0 %, while more resistant
taxa like G. holbrooki, A. anguilla, Iberocypris
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Figure 2. Length-frequency distribution of the threespine sticklebacks caught in August and October of 2005 in the sampled pools
in the Almansor River (n = 554). Distribucion de frecuencia de tallas de los espinosos capturados en agosto y octubre de 2005 en las

charcas muestreadas en el rio Almansor (n = 554).

alburnoides Steindachner, 1866, and Luciobarbus
bocagei Steindachner, 1864 showed almost no
reduction in the number of fish at P3 and P6,
exhibiting survival rates near 100 %.

The individuals caught in the sampled sum-
mer pools had a minimum total length (TL) of
20 mm and a maximum TL of 43 mm. The

-+

mean TL was 28.7 + 2.9 mm (mean s.d.).
The length-frequency distribution for these spe-
cimens (Fig. 2) has only one peak, probably as-
sociated to the respective age-class. All the in-
dividuals presented a reduced number of lateral
plates (maximum of 1 or 2 per side) and greenish
body coloration. The same characteristics were

Table 2. Abiotic characteristics of the water-sediment interface, aquatic community structure and shade of the area studied in April
2006, in the Almansor River. Caracteristicas abidticas de la interfase agua-sedimento, estructura de la comunidad acudtica y sombra

del drea estudiada en abril de 2006 en el rio Almansor.

Abiotic parameters Biotic parameters
Dissolved Maximum Minimum Thermal Current Species Potential ~Aquatic

oxygen  Conductivity temperature temperature amplitude velocity Depth OMC richness ~ Species  predators vegetation Shade

(mgL'l) (uS/cm) pH °C) °C) [§®) (ms ") (m) (%) (n°taxa) diversity (H) (CPUE) cover (%) (%)
Al 8.51 480 7.32 18.4 16.3 2.1 039 026 28 2 0.295 37.8 90.0 10.0
A2 8.46 487 7.36 19.2 15.1 4.1 029 020 0.6 3 0.409 21.8 70.0 10.0
A3 8.30 488 7.31 19.9 14.8 5.1 0.16 026 28 5 1.312 14.8 30.0 30.0
A4 8.54 505 7.52 19.5 14.2 53 039 031 0.8 5 1.395 8.4 10.0 50.0
A5 9.46 483 7.65 20.3 14.0 6.3 042 032 03 4 0.870 20.4 10.0 70.0
A6 8.44 514 7.60 20.8 13.8 7.0 026 063 03 8 0.724 13.0 70.0 70.0
A7 9.27 488 7.51 20.5 133 7.2 036 023 03 3 0.639 1.8 30.0 70.0
A8 8.71 475 7.45 17.1 15.1 2.0 043 029 0.6 8 0.817 6.8 90.0 10.0
A9 9.78 511 7.46 16.9 152 1.7 024 033 1.6 7 1.630 35.7 90.0 10.0
A10 8.52 513 7.57 159 13.9 2.0 024 034 05 5 0.718 3.7 90.0 30.0
All 8.52 534 7.54 16.2 13.6 2.6 046 031 1.3 5 1.053 8.3 90.0 10.0
Al2 8.67 554 7.58 16.8 132 3.6 0.19 033 0.6 7 1.083 9.3 90.0 30.0
Al3 8.98 529 7.65 17.7 14.3 3.4 036 033 0.7 5 1.250 31.7 70.0 10.0
Al4 9.40 488 7.89 16.6 14.6 2.0 033 062 08 6 1.677 4.9 50.0 90.0
Al5 6.77 511 7.44 16.8 15.1 1.7 0.04 072 0.6 2 0.234 8.8 30.0 50.0
Mean  8.68 504 7.50 18.2 144 3.7 030 037 1.0 5 0.940 15.1 60.7 36.7
S.D. 0.69 22.7 0.10 1.7 0.8 2.0 0.15 0.16 0.8 2 0.450 11.8 31.0 27.9
Min. 6.77 475 7.30 159 13.2 1.7 0.04 020 0.3 2 0.230 1.8 90.0 10.0
Max. 9.78 554 7.90 20.8 16.3 7.2 046 072 28 8 1.670 37.8 10.0 90.0

S.D. — Standard Deviation; OMC — Organic Matter Content
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Figure 3. Distribution of the individuals of the species G. aculeatus caught in April 2006 (n = 69) in the sampled sites in the Alman-
sor River. Distribucion de los individuos de la especie G. aculeatus capturados en abril de 2006 (n = 69) en los sitios muestreados

en el rio Almansor.

observed in the sticklebacks caught in the next
spring samplings, indicating that they all belong
to the freshwater resident population.

In the April 2006 samplings, 69 threespine sti-
cklebacks were caught, of which 30 were males,
37 females and two individuals that due to their
small size were both identified as juveniles. The-
se animals were caught in the river stretch, bet-
ween the sampling sites A6 and Al4, with the
exception of site A7. The highest CPUE values
were observed at sampling sites A9 and A10, where
the number of threespine sticklebacks represented
nearly 50 % of the total number of these specimens
caught during the spring field campaign (Fig. 3).
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00 //n . n
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The individuals caught in April had a minimum
TL of 17 mm (juvenile) and a maximum TL of
55 mm. The mean TL was 45.5 + 5.7 mm. The
length-frequency distribution (Fig. 4) has three
distribution peaks that are probably associated
to each age-class of this population. Two indivi-
duals of smaller length-classes were also caught,
probably belonging to the 2006 recruitment sea-
son. The larger length-classes (from 46 mm to
56 mm) were mostly represented by females, whi-
le males were dominant in the smaller classes.

In the spring, throughout the sampling area,
the dissolved oxygen exhibited some discrepancy
among the sampled sites, with 3.0 mg L™! of dif-

CPUE (n® of individuals

Total lenght (mm)

mFemales @ Males O Juveniles

Figure 4. Length-frequency distribution of the threespine sticklebacks caught in April 2006 in the sampled area (n = 69). Distribu-
cion de frecuencias de tallas de los espinosos capturados en abril de 2006 en el drea de muestreo (n = 69).
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ference between the extreme values (Table 2).
Conductivity and pH showed little variation
along the sampling sites. For temperature, the
maximum (7Max) and minimum (7Min) values
recorded along a 24 h cycle and thermal amplitu-
de (TAmp) were calculated for each sampling site
and subsequently used as independent variables
in the statistical analyses. Maximum temperature
exhibited little variation along the sampling area
(18.0C + 1.7; mean = s.d.). The sites that presen-
ted lower maximum temperatures, also exhibited
smaller thermal amplitudes. Between A7 and AS,
a sudden decrease of thermal amplitude was re-
corded, possibly associated with the existence,
starting from this point, of a denser riparian habi-
tat, which confers a higher protection against en-
vironmental fluctuations to the upstream reaches
of the river. While the mean depth had a relatively
constant value throughout the sampling area, the
current velocity showed great variation along the
sampling sites in the Almansor River (0.30+0.15,
mean + s.d.). The substrate at the sampling si-
tes was generally low in organic matter (OMC)
and essentially distributed between two sediment
classes, sand and gravel-sand (80 %).

The fish species-richness and diversity sho-
wed great variation between the sampled sites.
The lowest values to these parameters were obtai-
ned at A15, reflecting the reduced number of spe-
cies caught at this site and the dominance of one
of them (Table 2). Like these two parameters, the
abundance of potential predators also exhibited
differences between the sampling sites. At Al,
this variable attained its maximum value, where
the individuals considered as being potential pre-
dators represented nearly 95 % of the total num-
ber of fishes and crayfish caught.

The great majority of the sites sampled in
April 2006 presented low values of shade, which
is probably related to the almost total absence of
riparian vegetation observed in the downstream
reaches of this river. In contrast, these sites gene-
rally exhibited high values of aquatic vegetation
cover, with the maximum value of 90 % being ob-
served at six of the 15 sampled sites.

Before the application of the three multiple
regression analyses, the application of Pearson’s
correlation test showed that the variable “thermal

amplitude” exhibited a strong relationship with
maximum temperature (r = 0.94; P < 0.001).
Thereby, only the thermal amplitude variable was
used in the subsequent statistical analysis. The
other variables used in the regression analyses
were the ones described in Table 2.

In the first multiple regression, where the
abundance of males was used as the dependent
variable and the abundance of females as one
of the independent variables, the variables rela-
ted with male abundance were the fish species-
richness, the aquatic vegetation cover and the
abundance of potential predators. The species-
richness and the aquatic vegetation cover were
positively correlated with male abundance, in-
dicating that males were more abundant at si-
tes with high number of species and greater
aquatic vegetation cover. The sites with a lo-
wer abundance of potential predators presented
a higher abundance of males. All variables were
significant (P < 0.05) and none of them showed
co-linearity problems (VIF < 10). The model
was highly significant (+*> = 0.788; F = 18.319;
df =14; P < 0.001) with an estimated linear
equation of y = 0.13840.146 SRch+0.009 VCov—
0.197 Pred (not standardized coefficients).

In the second multiple regression, where fe-
male abundance was used as the dependent va-
riable and including male abundance as one of
the independent variables, the only variable that
entered in the model was the male abundance,
implying that females were more abundant at
sites with higher male abundance. This varia-
ble was significant (P < 0.05) and did not sho-
wed co-linearity problems (VIF < 10). The mo-
del was also significant (r* = 0.528; F = 16.647;
df = 14; P < 0.05) resulting in an estimated li-
near equation of y = 0.119 + 0.759 MAb.

In the third and last multiple regression, ma-
le abundance was removed from the list of inde-
pendent variables and female abundance was still
used as the dependent variable. Thus, the varia-
bles related with the abundance of threespine fe-
male were the species-richness, the aquatic vege-
tation cover and conductivity. All variables we-
re positively and significantly (P < 0.05) related
to female abundance and none of them presen-
ted co-linearity problems (VIF < 10). The model
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was highly significant (r* = 0.804; F = 20.008;
df = 14; P < 0.001), exhibiting an estimated li-
near equation of y = —4.348 + 0.008 VCov +
0.114 SRch + 7.472 Cond.

DISCUSSION

In rivers with Mediterranean characteristics, such
as the Almansor River, pool availability as summer
refuge for the fish fauna is not only determined by
its water availability but also by the environmental
parameters variations generally associated to this
type of ecosystem (Moyle and Vondracek, 1985;
Gasith and Resh, 1999; Magoulick, 2000; Schwartz
and Jenkins, 2000; Ostrand & Wilde, 2004).
The threespine stickleback inadaptability to these
streams, described by Rogado et al. (2005), is
well documented in the present study where,
despite the species high abundance in the first
sampling campaign, the survival rate by the end
of the summer period was low. Though the main
cause of this severe mortality was the decrease
of water availability, this species survival in each
one of the remaining pools followed the same
reduction pattern, which is probably related to
the environmental degradation that usually occurs
during the drought, particularly the temperature rise
and dissolved oxygen depletion, as it is described
for other fish species (Mundahl, 1990, Soncini and
Glass, 1997; Elliott, 2000; Magoulick, 2000). When
comparing this species survival rates with the ones
from the other sampled faxa we observed that the
sticklebacks exhibited lower survival rates than the
more tolerant specimens (i.e. eel, mosquitofish,
etc.) but higher than the values obtained by
lampreys and nases, who are less adapted to the
environmental constraints generally associated to
the drought period (Ilhéu, 2004). Comparing it with
the historical data set, in the year 2005 the study area
presented an expected mean annual temperature
of 16.3 °C, but a much lower annual precipitation
value of 343 mm. August was a particularly dry
month, which probably worsened the degradation
of the summer pools environmental conditions,
contributing to the species survival rate decrease.
To clarify these results, a new study contemplating
a comprehensive characterization of the sampled

pools and more extended in time and space, would
provide valuable information about the species
response to this environmental fluctuations.

Based on this species length-growth relation
(Jones and Hynes, 1950), according to which a
l-year individual generally has 35-40 mm, the
length distribution of the specimens caught at the
sampled pools lead us to conclude that this part of
the population was mainly composed of juveniles,
probably from the same year’s recruitment. The
almost complete absence of adults from the area
sampled during the summer period might represent
a strategy to avoid the drought effects by migrating
to downstream reaches of the river were the
water availability is higher even in the summer, a
behaviour commonly observed in other freshwater
fish species from these regions (Matthews, 1998).
This hypothesis is supported by the capture,
during this season, of threespine sticklebacks from
higher length-classes in lotic reaches immediately
downstream from the sampling area.

Despite the environmental constraint and high
mortality suffered by the juvenile fraction of this
population during the drought, in the upstream
reaches of Almansor River, when the breeding
season begins the stickleback adults continue to
prefer this area, since in April samplings, the
great majority of this species individuals were
caught upstream in the river, near to the sampled
pools area. In fact, the higher abundances during
the spring samplings were observed in the river
stretch that corresponds to the pools that never
dried out completely.

This study did not confirm the presence of the
two ecological forms of G. aculeatus in the Al-
mansor River, since only the freshwater resident
form was caught in both sampling seasons. Con-
sidering the fact that there isn’t any obstacle pre-
venting the migratory fish specimens of reaching
the study area, the absence of this species in the
sampled downstream reaches may imply that the
anadromous form is absent in this river. Accor-
ding to Rubidge (2000), in spite of the distribu-
tion overlap exhibited by the two forms during
the breeding season, the anadromous form is mo-
re common in the downstream reaches. Future
genetic and morphometric studies, defining the
differences between the two forms of this species,
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assume importance for confirming the presence
of the anadromous form in Portugal.

In the 2006 spring samplings, the higher
length-classes were mostly represented by fe-
males while males showed predominance in the
smaller classes, which is probably related to spe-
cific genetic traits (Fletcher and Wootton, 1995;
Kraak and Baker, 1998), since there is no infor-
mation suggesting that females live longer than
males and that they could attain larger dimen-
sions. Two juvenile individuals were also caught,
with total lengths of 17 mm and 24 mm. Consi-
dering that the juveniles of G. aculeatus can at-
tain a total length of 17 mm in the first month
(Allen and Wooton, 1982), and assuming that the
same occurs in the study area, there is the pos-
sibility that in the Almansor River, the breeding
season of this species did not start in April but
nearly a month earlier. In the threespine stickle-
back length-frequency distribution in April 2006
samplings, it was possible to identify three peaks
that probably correspond to the modal classes
of length frequency distribution associated with
each age-class, which is in agreement with se-
veral studies of age and growth for this species,
that generally has a maximum longevity of three
years, exhibiting mean total lengths for each age-
class, similar to the ones observed in this study
(Jones and Hynes, 1950; Rubidge, 2000). Accor-
ding to these authors, a 1-year old individual may
exhibit a total length between 35 mm and 40 mm,
while a 2-year old individual normally has a ma-
ximum total length of nearly 45 mm. Threespi-
ne sticklebacks aged 3 years may attain a total
length comprised between 50 mm and 55 mm.
Based only in the length frequency distribution,
the same situation seems to occur with this G.
aculeatus southern European population, in the
Almansor River. However, our results are diffe-
rent from the ones described for other Mediterra-
nean areas (Crivelli & Britton, 1987; Poizart et
al., 2005) where this species generally presents a
strictly annual life cycle with adults dying shortly
after the first breeding season. This fact is com-
monly seen as an adaptation to a Mediterranean-
type climate (high summer temperatures, seaso-
nality of water bodies) and thus, a similar situa-
tion was expected to happen in our study. Becau-

se the age of the sampled sticklebacks was not
confirmed by otholits analysis, it remains uncer-
tain if the studied population really exhibited the
three common age classes of this species, being
an exception to other Mediterranean populations,
or if the observed differences in size were only
related to individual growth rates of the same age
group. To shed light on the results obtained by
the length distribution analysis, a new and mo-
re comprehensive study about the genetics and
age and growth of the studied population is im-
portant in order to attain a better management
of the species in this region.

During the breeding season, the variables rela-
ted to male abundance in the Almansor River were
the fish species-richness, the aquatic vegetation
cover and the abundance of potential predators.
The positive relation obtained for “species-rich-
ness” may indicate a search by the male, during
this season, of sites with higher ecological quality
and capable of sustain a more complex community.
The vegetation cover was also positively related
to male abundance. Being a territorial species,
especially during the breeding season, these
individuals usually prefer more vegetated sites that
could grant them and their nests some protection,
not only against predators but also against other
sticklebacks. These results corroborate several
studies (Cleveland, 1994; Peultkuri et al., 1995;
Almaca, 1996; Rodewald and Foster, 1998;
Doadrio, 2001; Candolin and Voigt, 1998, 2003),
in which the great preference of this species for
well vegetated sites is also noted. A negative
relation was observed between male distribution
and the abundance of potential predators indicating
that males of this species were more abundant at
sites with fewer potential predators. The presence
of threespine stickleback predators is considered
by some authors as an influence on the choice
of the nest site made by the male (Rodewald
and Foster, 1998; Candolin and Voigt, 2003).
Corroborating this result, in a study developed by
Garcia-Berthou and Moreno-Amich (2000), the
introduction of exotic species, especially predators
such as Micropterus salmoides (Lacépede, 1802)
(largemouth bass) or the pumpkinseed sunfish, is
described as the main cause for the local extinction
of threespine stickleback in an Iberian lake.
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Male abundance is the main variable influencing
female distribution. During the breeding season,
threespine stickleback females occur preferen-
tially at sites where male abundance is higher.
This result corroborates what is described by ot-
her authors (Sterba, 1973; Doadrio, 2001) indi-
cating that males choose the nest site to where
the females are subsequently attracted and depo-
sit their eggs. When the effect of male abundance
was removed from the statistical analysis, the re-
sults show that the females’ site choice is prac-
tically identical to the results obtained for ma-
les. During breeding season, threespine stickle-
back female abundance is also positively related
to fish species-richness and aquatic vegetation
cover. This last variable is particularly impor-
tant to females, which are less capable of esca-
ping from predators during breeding season due
to their swollen abdomen (Candolin and Voigt,
1998; Rodewald and Foster, 1998).

The variable “thermal amplitude” did not enter
into any of the statistical models but still seems
to be related to threespine stickleback distribution
in the Almansor River. This variable shows a
sharp decrease between sites A7 and A8, possibly
due to the existence of a denser riparian habitat
in the upstream sampled sites. Curiously, with
the exception of site A6, the great majority of
individuals were caught upstream from site A7,
implying that threespine sticklebacks shows a
preference, specially during breeding season, for
more sheltered sites with higher protection against
temperature variations (Candolin and Voigt, 2003).

Besides the results obtained in this study, the-
re are other environmental parameters conside-
red by some authors as having influence on this
species’ distribution that did not enter in any of
the statistical models (Mori, 1994; Prenda et al.,
1997, Rodewald and Foster, 1998; Candolin and
Voigt, 2003; Copp and Kovac, 2003; Webster and
Hart, 2004). The relative homogeneity of varia-
bles such as depth or sediment composition in
this river may be one of the causes for the lack of
a significant relation with this species abundance.
The current velocity is also described as being
negatively related to threespine stickleback dis-
tribution during the breeding season. However, in
the majority of the sampled sites almost all sti-

cklebacks were caught near the margin were the
current velocity was slow or negligible, diminis-
hing this variable effect, which is in accordance
with the results described by Mori (1994).

In conclusion, this study shows that, during
the breeding season, male threespine sticklebacks
in this river build their nests in well vegetated
and structurally complex sites, with fewer potential
predators and more protected from environmental
fluctuations and anthropogenic pressures. Females’
distribution during this period is heavily influenced
by male distribution. Due to the probable absence
of an anadromous form and the extremely localised
distribution in the upstream reaches of the river, this
population could well be suffering an accentuated
decline. In these Mediterranean type rivers, and due
to their intermittent flow regime, this species suffers
some constraints with a great part of the recruit-
ment confined to isolated stream bed pools, dying
when the environmental conditions start to decli-
ne, as it was shown in this study. Being a species
with a conservation status of Endangered (EN) in
Portugal (Rogado et al., 2005) and considering
the lack of attention given to the fish populations
of this type of rivers, this study allows future ma-
nagement proposals for the protection of this spe-
cies, based on the knowledge of the preferential
sites for its reproduction in a intermittent stream
like the Almansor River.
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