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ABgsTRACT — Cyprinid fauna endemic to the Iberian Peninsula is currently facing several human-caused threats which enhance their risk of extinction.
The populations of the critically endangered Achondrostoma occidentale, occurring only in three small and intermittent Portuguese river basins, have been
reinforced with fish bred ex-situ in order to minimize their risk of extinction. This study aimed to describe the restocking actions conducted and to identify
and characterize the summer refugia that should become targets for restoration and further restocking. The results evidence population increments and a high
representativeness of younger age classes in the restocked populations. The importance of annual monitoring of fish abundance to assess how the species is
coping with the stochastic and deterministic stressors that may eventually compromise its survival is highlighted.
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CONSERVACAO DA ESPECIE CRITICAMENTE AMEACADA ACHONDROSTOMA OCCIDENTALE (PISCES: CYPRINIDAE): INTEGRANDO DADOS DE HABITAT EM
PROGRAMAS DE REABASTECIMENTO PARA MELHORAR A RECHPERACAO DA POPULACAO

Resumo — A fauna ciprinicola endémica da Peninsula Ibérica enfrenta actualmente varias ameagas de origem antropogénica que potenciam o seu risco de
extingdo. As populagbes de Achondrostoma occidentale, espécie criticamente em perigo que ocorre apenas em trés bacias portuguesas intermitentes e de reduzida
dimensao, foram alvo de um reforgo com peixes criados ex-situ de modo a minimizar o seu risco de extingdo. Este estudo teve como objectivos descrever
as acgoes de monitorizagdo efectuadas e identificar e caracterizar os pegos estivais que deverdo ser alvo de futuras acgdes de restauro e repovoamento. Os
resultados obtidos evidenciam incrementos populacionais e uma maior representatividade das classes de menor tamanho nas populagées repovoadas. E
salientado o importante papel das monitorizagGes anuais para avaliacio da forma como a espécie reage aos constrangimentos estocasticos e deterministicos
que podem eventualmente comprometer a sua sobrevivéncia.

PALAVRAS-CHAVE: CONSERVACAO EX-SITU, SUPPORTIVE BREEDING, RI0S INTERMITENTES, REFUGIOS ESTIVAIS

CONSERVACION DEL ACHONDROSTOMA OCCIDENTALE EN PELIGRO CRITICO (PISCES: CYPRINIDAE): INTEGRACION DE DATOS DE HABITAT EN PROGRAMAS
DE REPOBLACION PARA MEJORAR LA RECUPERACION DE LA POBLACION

RESUMEN — La fauna ciprinicola endémica de la Peninsula Ibérica enfrenta actualmente varias amenazas de origen humana que realzan su riesgo de extincion.
Las poblaciones de Achondrostoma occidentale, espécie en peligro critico que ocurre solo en tres pequefias e intermitentes cuencas portuguesas, se han reforzado
con peces criados ex-situ con el fin de minimizar su riesgo de extincion. Este trabajo tuvo como objetivo describir las acciones de repoblacion llevados a cabo
y identificar y caracterizar los refugios de verano que deberian posteriormente ser restaurados y repoblados. Los resultados indican incrementos poblacionales
y una alta representatividad de las clases de edad mas jovenes en las poblaciones repobladas. Se resalta la importancia de las monitorizaciones anuales de la
abundancia de peces para evaluar la forma de la especie hacer frente a los factores estocasticos y deterministas estresantes que pueden llegar a poner en peligro

su supervivencia.

PALABRAS CLAVE: CONSERVACION EX-SITU, SUPPORTIVE BREEDING, ARROYOS INTERMITENTES, REFUGIOS DE VERANO

INTRODUCTION
Conservation status of Iberian cyprinids

Freshwater fishes are among the most threatened
organisms in the world (Duncan and Lockwood 2001, Carrizo
etal. 2013). Cyprinids belong to the most diverse family, with
a worldwide distribution (Nelson 2006) and some of the
world’s most threatened species (Duncan & Lockwood 2001).

In the Iberian Peninsula, the cyprinid fauna includes a
large proportion of endemic species (Doadrio et al. 2011),
most of which highly threatened (Smith and Darwall 2006,
Hermoso and Clavero 2011). Indeed, the proportion of
threatened species inthisregionis amongst the highest recorded in
the [IUCN assessment of the conservation status of freshwater
fishes in Europe (Freyhof and Brooks 2011). Iberian cyprinids
are vulnerable to several human-caused threats, including
pollution, damming, water abstraction, and the spread of exotic
species (Cabral et al. 2005). Additionally, they generally display
low genetic diversity (Sousa-Santos et al. 2014) and small
geographic distribution ranges (Cabral et al. 2005, Doadrio et

al. 2011), which enhance their risk of imperilment. Currently,
26 out of the 38 species of Iberian cyprinids raise some level of

conservation concern (Cabral et al. 2005, Doadrio etal. 2011).
The western ruivaco Achondrostoma occidentale

The western ruivaco Achondrostoma occidentale is a small
cyprinid (<100 mm fork length) endemic to Portugal (Robalo
et al. 2005). It has a reduced geographic range, occurring
only in three small independent basins in the western slope of
Portugal: Alcabrichel, Sizandro and Safarujo (Figure 1).

These small streams, ranging from 18 to 37 km in length
(Figure 1), are subjected to highly seasonal flows, with almost
no flow in the summer and large floods in winter. During
the summer, the streams often dry, resulting in a series of
disconnected pools, which may act as refugia for fish and as
sources of recruits or colonists for the entire system after flow
resumption at the end of the dry season. Moreover, these streams
face strong habitat destruction and pollution, especially due to
sewage from pig farms, distilleries, and agricultural and urban

discharges (Robalo et al. 2005, 2008). The Alcabrichel River
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was recently classified as highly degraded, based on the results
obtained for the biotic index based on macroinvertebrates
IBMWP (Teixeira et al. 2008).

Phylogenetically, A. occidentale is close to Achondrostoma
sp. from the northwestern margin of Iberia (Robalo et al.
2006). Based on the mutation rate of the cytochrome b

gene, their common ancestor is expected to have diverged
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from the ancestral lineage, which gave rise to the remaining
Achondrostoma species, prior to the Messinian Salinity crisis
(more than 7 million years ago) (Robalo et al. 2006). A recent
genetic survey revealed that A. occidentale populations are
currently genetically depleted, showing an average haplotype
diversity of 0.31£0.44 (Sousa-Santos et al. 2013).

Figure 1 - River basins inhabited by the Achondrostoma occidentale are presented:

main course length (in km), area (in km2) and maximum altitude (in m). [Illustration by Clara Almada]

Captive breeding as a preventive measure for the conservation of A.

occidentale

After the description of the species, surveys were
conducted in 2005 and 2006 in the Sizandro, Alcabrichel
and Safarujo rivers. These surveys revealed that populations
were small and fragmented (C. Sousa-Santos unpublished
data). Moreover, a severe drought was in course at the time

(Garcia-Herrera et al. 2007), and long river stretches were

already dry, increasing the risk of loss of individuals and
local extinctions. In these circumstances, stocks of adult
individuals from the Alcabrichel and Sizandro rivers were
captured and maintained in tanks at the Vasco da Gama’s
Aquarium as an extreme safeguard measure (Sousa-Santos
et al. 2014). The spontaneous reproduction of these fish in
captivity (Gil et al. 2010) prompted the launching of an ex-
situ Conservation Program, targeting A. occidentale and other

five highly threatened cyprinids (Sousa-Santos et al. 2014).
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Following other captive breeding programs (e.g. Bice et al.
2013), the final goal of this program was to release captive bred
populations in the streams where their founders were collected,
after the requalification of at least some river stretches (Sousa-
Santos et al. 2014). Captive breeding has been shown to be
essential in preventing the extinction of several threatened
species (Adamski et al. 2007, Rakes et al. 2013), by providing
a high number of offspring per generation which can be used to
restock wild populations with a low effective population size
(Champagnon et al. 2012).

Because avoiding artificial selection and domestication is
crucial in ex-situ conservation programs aiming to restock wild
populations (Saura et al. 2008), a “naturalistic approach” of the
reproduction was adopted for A. occidentale, aiming to breed
and rear fish in conditions that would preserve the natural
behavioural patterns of the species (Sousa-Santos et al. 2014).
This approach relied on four basic principles: 1) naturally
occurring spawning (without artificial stimulation or hormonal
induction); 2) availability of refuge areas for fry and juveniles;
3) natural conditions of light and temperature, essential for
gonadal maturation; and 4) minimal human intervention
(Sousa-Santos et al. 2014). Further details on the methods used
and a description of the facilities can be found in Sousa-Santos
etal. (2014).

To account for the eventual genetic diversity loss due
to inbreeding and lineage sorting, two mitigation measures
were adopted: captive breeding from the same initial stock
was limited to three consecutive generations and, after the
release of all the fish produced, new captive populations were
founded from newly captured wild individuals (Sousa-Santos

etal. 2014).
Ecological studies as complementary tools for A. occidentale conservation

Apart from captive breeding, the adoption of effective
measures towards the conservation of endangered species
would benefit from multidisciplinary data on the target species,
such as on its ecology (Clarkson et al. 2012), population
dynamics (Magalhdes et al.2003), genetics and evolutionary
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history (Robalo et al. 2007, Karaiskou et al. 2011, Kitanishi
et al. 2013), behaviour (Sutherland 1998, Robalo et al. 2007,
Ozer & Ashley 2013) and habitat use (Santos and Ferreira
2008, Martelo et al. 2014). In particular, it would be essential
to understand which habitats favour the persistence of A.
occidentale along the river courses during the dry season and
may act as summer refugia, as those should be considered
priority areas for protection/restoration and may configure
potential locations for restocking actions. This study addresses
this issue and, thus, the specific objectives were: i) to describe
restocking actions already conducted in wild populations; and
if) to identify and characterize, across the distribution range of
A. occidentale, the summer refugia that should become targets

for restoration and further restocking.
MATERIAL AND METHODS

Captive breeding

The captive breeding of A. occidentale started in 2006,
at the Vasco da Gama Aquarium, and involved (as referred
above) an initial stock of 16 wild adults from the Alcabrichel
River. After the official launching of the ex-situ Conservation
Program, in 2009, another captive stock from the Alcabrichel
River and one stock from the Sizandro River were founded at
the Campelo Station facility (for a detailed description of the
station please see Sousa-Santos et al. 2014). Since continuous
breeding from descendants from the same initial stock may
contribute to the loss of genetic diversity, all fish were released
after a maximum of three consecutive generations in captivity
(Sousa-Santos et al. 2014). New captive populations have been
founded each two to three years after restocking actions, using
30 adults newly caught in the wild and 30 juveniles reared in
captivity — see Table 1 for a summary.

Fish used in restocking actions were marked by cutting
off the dorsal fin, for identification of recaptured individuals in
future surveys. Fin cut off has been shown to have minor effects
on fish, with scars persisting quite visible over time (Sousa-
Santos et al. 2014).

Table 1 - Data on the captive breeding of A. occidentale at the Vasco da Gama Aquarium (AVG) and at the Campelo Station (CS), and on the resto-
cking actions of wild populations of this species. Note: the Safarujo population was

restocked after the acquisition of the data presented in this paper.

River basin  Ex situ facilities Ifltrodulct.ion Number of Resto.cking Number of individuals
in captivity spawners action released
Alcabrichel AVG 2006 16 2011 400
Alcabrichel CS 2009 45 2011 400
Alcabrichel CS 2011 60 2013 1190
Alcabrichel AVG 2011 60 2013 446
Alcabrichel CS 2013 60 2015 2482
Sizandro CS 2009 19 2013 1309
Safarujo AVG 2012 12 2015 350
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SURVEY OF SUMMER REFUGIA

Summer refugia were surveyed at the end of the dry-
season, immediately before the rains, between 1 1™ September
and 8" October 2014. The upper and medium courses of the
Alcabrichel, Sizandro and Safarujo rivers were prospected by
car in order to map (WGS84 datum coordinate system) all the
pools persisting in the channel. Lower courses of these streams
were not surveyed because they show high habitat degradation
and poor water quality, and thus are not suitable for future
restocking actions.

Persistent pools were sampled for fish and habitat
conditions. Fish sampling was performed with a SAMUS725G
electrofishing portable device. Each pool was slowly prospected
in a zigzag manner from the downstream to the upstream edge,
in order to get an estimate of the relative abundance of fish. All
captured individuals were maintained in permanently aerated
buckets, measured (fork length, nearest millimetre), and
returned to the stream. The habitat at each pool was described
using 11variables: maximum length (in meters), maximum
width (in centimetres), maximum depth (in centimetres), area
(in m”), volume (in m*), macrophytes coverage and in stream
coverage (0: 0%, 1: <30%, 2: 30-60%, 3: >60%), dominant
substrate (1: silt (4-64) um, 2: sand (64 pm-2 mm), 3: gravel
(2-64 mm), 4: cobbles (64-256 mm), 5: boulders (>256 mm),

ammonia (in mg/L), nitrites (in mg/L), nitrates (in mg/L)
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and pH. The area and volume of pools were calculated by

approximation to an ellipsoid.
REsuLrs

Population restocking

Between March 2011 and April 2015, seven restocking
actions of the wild populations were conducted, comprising
the release of a total of 6577 fish reared in captivity (Table
1): four restocking actions at the Alcabrichel River (N=4918
individuals), one at Sizandro River (N=1309 individuals)
and one at the Safarujo River (N=350) (Sousa-Santos et al.
2013 and unpublished data). In all cases, fish were released in
upstream stretches, in areas with preserved habitats and good
water quality: ALC1, ALC2, SIZ1 and SAF2 (for locations see
Figure 2). It is important to note, however, that the restocking
action in the Safarujo River was conducted after the collection
of data presented in this paper.

As it is essential that ex-situ conservation programs are
supported by habitat restoration actions, some efforts were
also made concerning water quality improvement and habitat
rehabilitation, especially at the Alcabrichel River, where natural
engineering techniques were used to recover spawning habitats

and prevent river bank erosion.

Figure 2 - Relative abundance of 4. occidentale in persistent pools in the middle and upper courses of the Alcabrichel (ALC1 to ALC6),

Sizandro (SIZ1 to SIZ3) and Sarafujo (SAF1 to SAF5). Grey circles are proportional to the number of individuals caught in each pool. * pools

where fish were released during restocking actions conducted prior to the collection of the data presented in this paper.
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SUMMER REFUGIA Only a few persistent pools were found in the Alcabrichel
(N=6), Sizandro (N=3) and Safarujo (N=5) rivers - Figure

2. These refugia ranged between 45.39 m” (in Safarujo) and

The prospected stretches in the upper and medium
courses of the Alcabrichel, Sizandro and Sarafujo Rivers were

approximately 13.75, 15.60 and 11.24 km long, respectivelly.

268.49 m’ (in Sizandro) in area and between 4.83 m® (in
Safarujo) and 63.38 m? (in Alcabrichel) in volume (Table 2).

Table 2 - Habitat conditions in the summer refugia identified in Alcabrichel, Sizandro and Safarujo rivers.
Values are the meanZSD and the range (minimum-maximum) for each variable.

River basin Alcabrichel (N=6)

Sizandro (N=3)

Safarujo (N=5)

Maximum length (m) 19.47149.10 (6.40-31.43)

Maximum width (m) 4.331+1.09 (2.55-5.80)
Maximum depth (cm) 62.17126.79 (30-100)
Area (m’) 136.69172.88 (62.82-224.53)

Volume (m?)

27.44+20.61 (8.11-63.38)

Macrophytes coverage 1.33£0.52 (1.00-3.00)

Instream coverage

2.00%1.10 (1.00-3.00)
Dominant substrate 1.3340.52 (1.00-2.00)
Ammonia (mg/L) 0.05%0.05 (0-0.10)
Nitrites (mg/L) 0.4610.33 (0.05-0.80)
Nitrates (mg/L) 18.33+18.35 (0-40)

pH 7.3610.54 (6.4-7.6)

16.57110.56 (4.65-24.76)
7.15%3.17 (4.21-10.50)
44.67116.74 (35-64)
161.37+25.36 (78.40-268.49)
26.82+25.36 (8.95-55.84)

2.3340.58 (1.00-3.00)

2.33%1.15 (1.00-3.00)
2.00%1.00 (1.00-3.00)
0.05%0.07 (0-0.10)
0.5010.36 (0.10-0.80)
13.33+11.55 (0-20)
8.00

12.0143.93 (8.80-18.84)
4.12+0.99 (2.68-5.46)
58.80£29.69 (33-109)

81.54134.74 (45.39-139.36)
17.62%16.68 (4.83-46.77)

0.8010.45 (0-3.00)

2.00%1.00 (1.00-3.00)

2.00%1.22 (1.00-4.00)
0.1240.16 (0-0.40)

0.05+0.03 (0.03-0.10)
0.20%0.45 (0-1.00)
7.7240.23 (7.4-8.0)

In average, pools in the Alcabrichel River showed the
highest water volume and were the longest and deepest of all
the pools sampled, while pools in the Sizandro River were the
largest in area and width, the shallowest and the ones with the
highest instream and macrophyte coverages (Table 2). The pools
sampled in the Safarujo River were, in average, the smallest in
area, volume, length and width and the ones with the lowest
macrophytes coverage among all the pools sampled (Table 2).
Pool substrate was dominated by silt in Alcabrichel and by
sand in the Sizandro and Safarujo rivers (Table 2). The average

ammount of nitrites and nitrates was higher in the Alcabrichel

and Sizandro rivers, whilst ammonia was higher in the Sarafujo
(Table 2). Average pH ranged between 7.36 in Alcabrichel and
8.00 in Sizandro (Table 2). A total of 1005 individuals were
caught at the 14 sampled pools (Figure 2). The number of fish

per pool ranged from 9 individuals at SAF3 (River Sarafujo)
to 271 at SIZ3 (River Sizandro) (Figure 2), with the average
number of individuals per pool ranging between 27.0 in

Safarujo and 164.7 in Sizandro (Table 3).

Table 3 - Number and fork length (FL, in mmm) of individuals of A. occidentale caught per persisting pool in the Alcabrichel,

Sizandro and Safarujo rivers. Values are the mean®SD and the range (minimum-maximum) for each variable.

No. individuals/pool

River basin Total No. individuals

meantSD (min-max)

FL/pool

meantSD (min-max)

Alcabrichel 376
Sizandro 494
Safarujo 135

62.7+58.9 (14-176)

164.7+117.8 (38-271)

27.0+16.7 (9-43)

45.5121.0 (18-110)

54.1£19.5 (19-130)

55.5420.5 (23-107)
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Fork length of the caught individuals ranged between 18
mm at Alcabrichel and 130 mm at Sizandro, with an average
size per population ranging between 45.5 mm in Alcabrichel
and 55.5 mm in Safarujo (Table 3). The populations
from Alcabrichel and Sizandro presented bimodal length
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distributions, with modes in the 20-40 and 60-80 mm in the
Alcabrichel and in the 40-60 and 60-80 mm in the Sizandro
(Figure 3). Contrastingly, the distribution obtained for the
Safarujo population was approximately normal, with the mode
in the 40-60 mm class (Figure 3).

Figure 3 - Length frequency distributions of A. occidentale in persistent pools in the Alcabrichel, Sizandro and Safarujo rivers inhabited.

Size class amplitude is 2 mm. Note of caution: the scale in the ordinate differs among populations.

DiscussioN

The combination of deterministic and stochastic
factors which negatively affect species survival may result in
their extinction (Frankham 2005). Often the impact of these
factors is evidenced by considerable reductions of the effective
population size and low levels of genetic diversity (e.g. Hedrick
2001, Blomqpvist et al. 2010, McCusker and Bentzen 2013).To
overcome this problem and, consequently, minimize the risk
of extinction, threatened populations should be reinforced,
since demographic rather than genetic factors, may be of
more immediate importance in the short term (Caro and
Laurenson 1994, Caughley 1994, Brook et al. 2002). Indeed,
populations that are declining rapidly or which are already

small sized are more prone to destabilization due to interacting

stochastic processes such as unbalanced sex ratios, unstable
age class distributions or habitat loss than larger populations
(Lacy 2000, Brook et al. 2002). The reduction of the individual
fitness due to small population size or low density (Allee effect)
is frequently a problem for endangered species and, thus,
restocking can be used to provide higher long-term chances of
survival (Griffith et al. 1989, Champagnon et al. 2012). This
supported the enhancement natural populations of A. occidentale
with captive bred individuals in order to minimize current risk

of extinction.
Restocking of A. occidentale populations

The severe drought that occurred nearly after the

description of A. occidentale (Garcia-Herrera et al. 2007)
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prevented the establishment of strong baseline data on the
abundance of this species throughout its distribution range and
precipitated the implementation of its ex-situ conservation as
a safeguard measure (Sousa-Santos et al. 2013). Nevertheless,
surveys conducted in 2006 indicated that populations were
small and fragmented, with the number of fish per summer
pool in the Sizandro and Alcabrichel rivers never exceeding 40
individuals and no fish being found across the Safarujo River
(C. Sousa-Santos unpublished data). In 2014, much more
individuals per pool were found in the Alcabrichel and Sizandro,
likely reflecting the reinforcement of local populations with
fish bred in captivity. Also, the bimodal length distributions
obtained for these two populations are most likely related to
the multiple episodes of restocking, which mostly included
F1 and F2 juveniles (as a result of two generations bred in
captivity).

A. occidentale individuals were also currently found
in summer pools in the Safarujo River, despite no prior
restocking has been conducted therein, though in lower
numbers than in the Alcabrichel and Sizandro rivers and with
a higher representativeness of small fish. This suggests that
the local population was naturally slowly recovering after the
drought and that recruitment was taking place. As the Safarujo
River was restocked in 2015, future surveys will clarify if the
restocking action that took place in this river contributes to an
increase in frequency of fish from the lower size classes.

These signs of population increment must, however,
be taken with caution since the desirable positive effect of
restocking actions, habitat enhancement and water quality
management must be evaluated in the medium/long term to
account for the natural oscillations of abundance, associated
for instance with annual hydrological conditions as found for
other cyprinids endemic to Iberian streams (e.g. Magalhdes et
al. 2007).

Summer refugia

Summer refugia in the middle and upper courses of
the Alcabrichel, Sizandro and Safarujo rivers are restricted to
a few persistent pools, generally with less than 70 m’. There
was, however, considerable variability in the number of fish
congregated in each pool, suggesting that some pools may act
as the main sources for river recolonization after the drought
and should therefore be considered as potential locations for
further restocking actions. This seemed to be particularly the
case for pool ALC2 and SIZ3 in the Alcabrichel and Sizandro
rivers, respectively, where more than 170 individuals were
found. However, during severe droughts, these pools might
configure precarious and unstable refugia for fish, with slight
deterioration of water quality 1ikely implying massive fish loss.

Because the water quality in the Alcabrichel, Sizandro
and Safarujo rivers is still far from being good, some
important habitat restoration and water management still
need to be conducted in order to preserve summer refugia
and, consequently, maximize the chances of recovery of A.

occidentale. To improve habitat quality in the pools during the
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summer it will be important to dredge sediments to increase
depth; decrease the water temperature and evaporation rate by
increasing instream coverage; limit water abstraction; prevent
the discharge of pollutants; and set up surmountable transversal
barriers to naturally improve oxygenation.

In future restocking actions, the fish to be released should
be distributed by all the identified refugia in proportion to the
water volume available at the time in each pool. These refugia
are located upstream from the major sources of pollution
and will desirably be considered as priority targets for future
habitat restoration projects, which may increase the chances of
survival of A. occidentale. Indeed, it is crucial that the supportive
breeding of endangered species for restocking purposes is
complemented with in situ conservation of the natural habitats
so that the released fish may found favourable conditions to

disperse, find food and shelter, spawn and grow to maturity.
Concluding remarks

The results obtained in this study evidence that the
supportive breeding of A. occidentale for restocking purposes
resulted in population increments and a high representativeness
of younger age classes at the Alcabrichel and Sizandro rivers. As
summer droughts increase the risk of fish loss, the identification
and characterization of summer refugia used by this species
provided fundamental baseline data to support future decisions
and priorities regarding the implementation of habitat
restoration measures and restocking actions. Finally, to assess
the complete recovery of the three A. occidentale populations
it is important to survey fish abundance on an annual basis in
order to assess how the species is coping with the stochastic
and deterministic stressors that may eventually compromise its

survival.
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