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non-durophagous species, with a trophic index of
4.2, and placed it in a group consisting of various
northeastern Atlantic and Mediterranean sparids.

The herbivorous species Girella
(Kyphosidae, Girellinae) shows a disjunct
distribution, which indicates either extinction in
the western Atlantic or recent colonization of the
eastern Atlantic from the Indian Ocean (Floeter
et al. 2008). Therefore, this local kyphosid
macroalgal browser (Girella stuebeli, Fig. 1D),
which tends to bite or graze the algae, leaving the
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basal stem (Halpern & Floeter 2008, R. Freitas
pers. obs.), has been hypothesized to be a
paleoendemic in the Atlantic Ocean with origins
in the Tethys Sea (Rocha et al. 2005, Brito et al.
2007) and, as the sole Atlantic Girella, is
endemic to the Cape Verde archipelago
(Desoutter 1990). Records of G. zonata in the
Cape Verde region and adjacent areas are
considered doubtful (cf. Brito et al. 2007, Wirtz
et al. 2013).

Fig. 2. Some (partially) endemic cryptobenthonic fish from the Cape Verde Islands: (A) Scartella caboverdiana
(endemic blenniid); (B) Ophioblennius atlanticus (amphi-Atlantic blenniid); (C) juvenile Similiparma hermani
(endemic, not a cryptic species); (D) Gobius tetrophthalmus (endemic gobiid); (E) Parablennius salensis
(endemic blenniid); (F) Gnatholepis thompsoni (amphi-Atlantic gobiid); (G) Labrisomus nuchipinnis (amphi-
Atlantic labrisomid); and (H) adult Microlipophrys caboverdensis (endemic blenniid). Photos by A. Boyra,
Sergio R. Floeter, Rui Freitas & Carlos Rangel.

The endemic damselfish Similiparma
hermani (Fig. 1C) was described by

a paleoendemic, whose nearest relatives are
mainly found in the southwestern Pacific (Rocha

Steindachner (1887) as Glyphidodon hermani.
Hensley (1986) showed that Glyphidodon
Agassiz, 1846 is an unjustified emendation of
spelling and therefore a junior objective
synonym of Glyphisodon Lacépede, 1802, which
in turn is a synonym of Abudefduf Forsskal,
1775, and coined Similiparma as a replacement
name for Glyphidodon. S. hermani is considered

et al. 2005). Cooper et al. (2009) found
Abudefduf luridus from the eastern Atlantic to
fall outside Abudefduf sensu stricto and
recovered it as the sister taxon of S. hermani.
Subsequently, Cooper et al. (2014) reassigned it
as Similiparma lurida. Both taxa are similar in
ecology and are members of a subclade that also
includes the genera Microspathodon and
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Hypsypops. A. luridus is the only pomacentrid
known to occur throughout Macaronesia (Lloris
et al. 1991). As the juvenile stages are similar in
shape and color pattern, Similiparma hermani
(Fig. 2C) has sometimes been confused with the
Beaugregory damselfish Stegastes leucostictus of
the western Atlantic (e.g. Debelius 1997).
Parrotfish (Scarines sensu Westneat &
Alfaro 2005) are considered the dominant
consumers of benthic primary production on
reefs. These corallivorous excavating fishes play
a major role in reef dynamics and sedimentation
while rasping algal communities (e.g. Bellwood
& Choat 1990, Bernardi et al. 2000, Comeros-
Raynal et al. 2012, Bonaldo et al. 2014).
According to Choat et al. (2012), the Guinean
parrotfish Scarus hoefleri (Fig. 1E) is ‘basal’ in
the tropical Atlantic clade and the sole Scarus
species that ranges from Mauritania to Congo
(Wirtz et al. 2007). It is very common in the
archipelagos of Cape Verde and Sd Tomé
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(Rocha et al. 2012b) and is considered endemic
to the West African-Guinean region. A notable
feature in the distribution of the allopatric sister
species S. hoefleri (eastern Atlantic) and S.
perrico (eastern Pacific), which have a mean
divergence age of 3.4 Mya (Choat et al. 2012), is
that the closure of the Isthmus of Panama
resulted in distinct regional endemism of Scarus
parrotfish. S. hoefleri inhabits shallow/ coastal
rocky reefs areas from 3-30m, feeds mainly on
algae and is found as solitary males or in small
groups with female harems (Randall 1990,
Rocha et al. 2012b). Because of its relatively
large size and colour, but not because of its
market value, adult males are intensively
targeted by spearfishing in Cape Verde. Coral
reef loss, fisheries and declining habitat
conditions are threatening this iconic group
(Comeros-Raynal et al. 2012). Bonaldo et al.
(2014) presented suggestions for future
directions in parrotfish research.

SENGHOR SEAMOUNT

Fig. 3. Map of the Cape Verde Islands, showing the position of Senghor Seamount and Ngor Island, Senegal.
Partial borders of the Exclusive Economic Zones (EEZ) of Cape Verde and adjacent countries are indicated
(after Christiansen 2012).

Based on collections from trawl- and neuston net
stations within the Cape Verde archipelago, John
& Hanel (2008) studied the larval development
of the Cape Verde damselfish Chromis lubbocki
(Fig. 1A) and also suggested the occurrence of
Chromis cyanea in Cape Verdean waters. Using
complementary data of IKMT (Isaacs-Kidd Mid-
water Trawl) and multi-net hauls from Cape
Verde waters, five specimens of C. lubbocki and

two C. cf. cyanea were identified (John & Hanel
2008). More recently, Hanel et al. (2010)
expanded on these data and focused on larval
fish abundance, composition and distribution at
the Senghor Seamount, northeast of the Cape
Verde archipelago. So far, the data suggest that
the fish community at this location is diverse
(IKMT captured 68 specimens of 37 species) and
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is mainly comprised of larvae of meso- and
bathypelagic species.

Senghor Seamount, which lies within the
Cape Verde Frontal Zone (CVFZ) and in the
pathway of the south-westward North Equatorial
Current, rises from a depth of 3,000 m, with its
summit reaching to 93 m beneath sea level (Fig.
3). It is typical of several seamounts in the
tropical northeastern Atlantic (Hanel et al. 2010).
Senghor Seamount plays an important role in
regional fisheries and information on larval
abundance would help in determining the extent
and health of these fishing grounds. Other
shallow Cape Verdean seamounts, such as the
Northwest Bank and Jodo Valente Bank also
deserve to be more intensively studied.

Oceanographic considerations (Wirtz et al.
2013) and the short distance (ca. 549 km)
between Senghor Seamount and NGor Island,
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near Dakar, Senegal (Fig. 3), combined with the
south-easterly direction of the Canary Current
during the weak upwelling season, may possibly
explain the occurrence of Chromis sp. outside
the Cape Verde archipelago through rafting or
larval dispersal. The recent observation of
Chromis lubbocki at NGor Island may concern a
hybrid pomacentrid, a stray individual or a
genuine dispersal event (Wirtz 2012). Chromis
lubbocki is a small planktivorous endemic
species, occurring in large schools in Cape Verde
seas, with high densities mainly in coastal areas
with strong currents, e.g. off Santa Luzia (Freitas
2012). Although more evidence is needed, this
could be the first example of dispersal by an
endemic reef fish from the Cape Verde
archipelago.

FINAL REMARKS

Other endemic coastal fishes of Cape Verde that
have not yet been mentioned include skate Raja
herwigi (Rajidae), mullet Chelon bispinosus
(Mugilidae), needlefish Platybelone argalus lovii
(Belonidae), possibly grunt Parapristipoma
humile (Haemulidae), seabreams Diplodus
fasciatus and Diplodus prayensis (Sparidae), sole
Pegusa cadenati (Soleidae), Gobius ateriformis
and Mauligobius nigri (Gobiidae; three small
cryptic endemic species, such as the clingfish
Apletodon barbatus, are not included in Fig. 2).
Excluding the pelagic and deep water species
from the reef fish, a percentage of endemic
coastal reef fish of 10.2% is calculated,
emphasizing the need for a differential approach.

Medina et al. (2007) proposed that reef fish
communities of insular ecosystems are structured
by island or island group according to their
degree of physical isolation and environmental
variability. Pérez-Ruzafa et al. (2005) suggested
that, within the spatial scales between islands
found in the Cape Verde archipelago, habitat
characteristics are no longer relevant and other
factors, such as biological productivity or
seawater temperature, are important. However,
Floeter et al. (2008) proposed that the high
endemism of the Cape Verde Islands may be
related to isolation (from West Africa and/or
between islands), high heterogeneity of habitats
and maintenance of warm tropical waters during
glacial periods. Cape Verde has high sparid
endemism, attributed to multiple radiations by

populations with different trophic ecologies
(Santini et al. 2014).

Gonzédlez & Tariche (2009) presented
baseline data for the sustainable management of
marine biodiversity in the Cape Verde
archipelago, together with checklists of fish for
potential new deep-sea fisheries. Recent
oceanographic surveys that have been conducted
in the region strongly suggest that validated
check-list methodologies (such as those of Wirtz
et al. 2007, 2013, 2014) should also be applied to
the deep sea fishes of the Cape Verde Islands.
Meanwhile, listing doubtful species or those in
need of confirmation (e.g. Wirtz et al. 2013) may
not be the best solution, since it can easily create
misunderstandings. Indeed, it was one of the
reasons why this approach has been criticized.

Only low levels of endemism exist in
Macaronesia as a whole, which is probably
related to the distance between these
archipelagos and mainland Africa and Europe
(Almada et al. 2013). The Cape Verde Islands
have a much higher degree of coastal fish
endemism than the other Macaronesian
archipelagos (i.e. the Azores, Madeira, Salvage
and Canary Islands) and, in terms of the number
of endemic taxa, Cape Verde is more similar to
the islands in the Gulf of Guinea than to the
Northwest African coast (Wirtz et al. 2013).
From the point of view of marine biota
community structure and ichthyo-geography,
Cape Verde diverges considerably from the other
Macaronesian islands (Brito et al. 1999, 2007,
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Morri et al. 2000, Floeter et al. 2008) and
inclusion of the Cape Verde Islands in a marine
biogeographic ‘Macaronesian’ unit does not hold
(Wirtz et al. 2013).

As reef fish in Cape Verde have only
recently been more intensively studied, newly
recorded species likely resulted from more
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research being carried out rather than being an
indicator of recent biological events. New
discoveries are still to be expected and, based on
reef fish endemism and zoogeography, Cape
Verde may perhaps be designated a distinct
Atlantic biogeographic province in its own right
in the future.
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First report of Culex (Culex) tritaeniorhynchus Giles, 1901
(Diptera: Culicidae) in the Cape Verde Islands
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ABSTRACT

During an entomological survey in Santiago Island, Cape Verde Islands, in November-December 2011 in
order to study the bio-ecology and susceptibility to insecticides of Anopheles arabiensis Patton, 1905, Culex
tritaeniorhynchus Giles, 1901 was found to be present in the Santa Cruz District. Both adult and immature
specimens were collected and a description of both is given. Further confirmation of the taxonomic identity
of the specimens was obtained from studying the male genitalia. This is the first known occurrence of Culex
tritaeniorhynchus (a primary vector of Japanese encephalitis in eastern and southern Asia and a potential
vector of West Nile Virus, Sindbis and Rift Valley Fever Virus) in the Cape Verde Islands.

RESUMO

Durante um levantamento entomolégico realizado na ilha de Santiago, arquipélago de Cabo Verde, em
Novembro-Dezembro de 2011, com o objectivo de estudar a bioecologia e susceptibilidade de Anopheles
arabiensis Paton, 1905, foi encontrado Culex triteaniorhynchus Giles, 1901, no Concelho de Santa Cruz.
Foram recolhidos, identificados e descritos espécimes quer no estado adulto quer na forma do quarto estadio
larvar. A identificacdo taxonoémica foi posteriormente confirmada através do estudo da genitalia de machos.
Relata-se pela primeira vez, nas ilhas de Cabo Verde, a ocorréncia de Culex triteaniorhynchus, vector
primario do virus da Encefalite Japonesa na Asia Oriental e do Sul e vector potencial dos seguintes virus: o
da febre do Nilo Ocidental, Sindbis e febre do Vale do Rift.

! Direcgdo Nacional da Sade, Ministério da Salde, Palacio da Varzea, Praia, Republic of Cape Verde;
Joana.Alves@cnds.gov.cv

2 Centro de Maléria e Outras Doencas Tropicais, Universidade Nova de Lishoa, Portugal

3 Unité d’entomologie médicale, Institut Pasteur de Dakar, BP 220, Dakar, Sénégal
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INTRODUCTION

Updating knowledge of the culicidean fauna of
the Cape Verde Islands has been a priority for
many years (e.g. Ribeiro et al. 1980, Cambournac
et al. 1982, Alves et al. 2010). During an entomo-
logical survey, conducted between November and
December 2011, in order to study the bio-ecology

Arquipélago de Cabo Verde

Ilha de Santiago

Fonte:http:/ivisor sit.gov.cy/
Autor: Marga Miquel

and susceptibility to insecticides of Anopheles
arabiensis Patton, 1905 in Santiago Island, Culex
(Culex) tritaeniorhynchus Giles, 1901 was found
to be present in the Santa Cruz district (Fig. 1). We
describe the site and provide descriptions of both
adult and larval stages.

Arores
<

e Madeira "

Canarias '« -

Salina N15°752.05"
W 23°31'31,63"

Concelho de
Santa Cruz

Fig. 1. Maps of Santiago Island and the Santa Cruz district, indicating (*) the locality where specimens of Culex
tritaeniorhynchus were found.

The habitat consisted of a natural basin of
rain water drainage in a confluent zone between a
lagoon and a beach in a coastal region (Fig. 2).
The breeding site was exposed to sunlight,
characterized by the presence of emergent and
fluctuant aquatic vegetation and the water was
slightly brackish, but within the limits of being
considered freshwater. So far, only Culex
ethiopicus Edwards, 1912 had been found
breeding at this and similar sites in the area. Culex

tritaeniorhynchus is considered a primary vector
of Japanese encephalitis in eastern and southern
Asia (van den Hurk et al. 2009). It is also a
potential vector of West Nile Virus (WNV),
Sindbis and Rift Valley Fever Virus (RVFV)
(Wills et al. 1985, Kheir et al. 2010). The
presence of C. tritaeniorhynchus in this area
underlines the need for further investigations into
its significance for public health and epidemio-
logical issues.

MATERIAL AND METHODS

We visited localities in five districts of Santiago
Island to collect immature stages of mosquitoes at
several breeding sites, including ponds, pools, pits

and tanks. Upon collection, all immature mos-
quitoes were placed in containers and transported
to the laboratory, where they were reared until
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they emerged as adults. In addition, adult mos-
quitoes were collected with CDC light traps
(placed in local people’s bedrooms and in sheds
for cattle, goats and sheep) and by using
pyrethrum spray in human dwellings. After

Culex tritaeniorhynchus

collection, mosquito specimens were sorted,
counted and identified morphologically using a
stereomicroscope and according to the

identification keys provided by Ribeiro & Ramos
(1995).

Fig. 2. Partial view of the breeding site of Culex tritaeniorhynchus, Santa Cruz district, Santiago Island, Cape
Verde Islands, where specimens were collected (photo by Ibrahima Dia; © Joana Alves).

RESULTS

A total of 2,192 mosquito specimens were
identified. The distribution by district and capture
method is given in Table 1. A large majority of
specimens were immatures (94.1%), followed by
resting females from human dwellings.
Specimens from CDC light traps in bedrooms and
sheds were the least abundant (0.4% and 0.1%
respectively). From the total of emerged
specimens, Culex spp. averaged 7%, while in the
district of Santa Cruz the average of emerged
Culex spp. was 27%. In most samples, Culex spp.
were found in association with Anopheles
gambiae s.|. Giles, 1902 and A. pretoriensis
(Theobald, 1903).

While identifying the collected mosquitoes,
we found specimens with a median pale ring in the
proboscis. Using the key of Ribeiro & Ramos
(1995), 136 specimens were identified as C.
tritaeniorhynchus. The identification of 4" instar
larvae confirmed this. ldentification was also

confirmed by the morphology of the male
genitalia (Fig. 3) (cf. Ribeiro 1966, Harbach
1988).

ADULTS Pale ring of female proboscis
extending just to the base, absence of low
mesepimeral setae, absence of pale scales on
femora; scutum dark brown with pale scales
almost completely confined to near scutellum;
abdominal tergites with basal pale bands; wings
without pale disseminated scales.

LARVAE Mentum with well developed teeth;
comb of the abdominal segment VIII composed
entirely by typical scales without spine or
spiniform scales in number between 30-
45; syphon light brown to nearly colorless; pecten
of the syphon simple at tip; subventral tufts of the
syphon smaller than the diameter, usually with 3-
4 branches, rarely 2; head setae 5, 3-branched;
pre-clipeal spines brawn and strong; anal brush
without median tufts.
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Fig. 3. Left: coxite of male terminalia of Culex triteaniorhynchus from Santa Cruz, Santiago, Cape Verde Islands
(magnification x1000). Right: Basal parts (frontal view) of the male terminalia of Culex triteaniorhynchus from
Santa Cruz, Santiago, Cape Verde Islands (magnification x1000).

sweses [ ottss [ e | T [ o o | T
Anopheles pretoriensis 894 241 60 250 30
Anopheles gambiae 12 36 5 45 21
Culex pipiens 21 86 8 15 41

. immature
Aedes aegypti stages 89 0 0 0 43
Culex tigripes 0 4 0 7 5
Culex tritaeniorhynchus 0 136 0 0 0
Culex ethiopicus 0 0 0 3 0
Aedes caspius 0 0 0 10 1
Subtotal 1016 503 73 330 141
.. spra
Culex pipiens ca'?ch()e/s 11 53 0 54 0
Subtotal 11 53 0 54 0
Culex pipiens th:edDrco:olrr; 7 1 0 0 0
Subtotal 7 1 0 0 0
Anopheles pretoriensis CDCin 0 0 0 0 2
Culex pipiens cowshed 0 0 0 0 1
Subtotal 0 0 0 0 3
TOTAL 1034 557 72 584 144

Table 1. Distribution of mosquito specimens by collecting method in the five districts of Santiago Island
prospected.
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DISCUSSION

Culex tritaeniorhyncus, a mosquito with a cosmo-
politan distribution, is considered a primary
vector of JEV (Flavivirus: Flaviviridae) (Self et
al. 1973, Takahashi 1977, van den Hurk et al.
2009), a disease that mainly affects children in
the Asian region, with a lethality rate of around
30% (Nett et al. 2009). It is also a vector of WNV
(Flavivirus: Flaviviridae), considered an emerg-
ing vector-borne disease in some parts of the
world due to the increased circulation of people
and trade goods as a consequence of glo-
balization, while migratory birds may also play a
role (Kanojia & Geevarghese 2004, Medlock et
al. 2005), as well as SINV (Alfavirus:
Togaviridae) and the Rift Valley fever virus
(Plebovirus: Bunyaviridae) (Kheir et al. 2010).
The occurrence of Culex tritaenyorhynchus in the
Cape Verde Islands prompts the need for focused

follow-up investigations in order to evaluate its
possible implication in the transmission of vector-
borne pathogens in the archipelago. The presence
of this species, with its large trophic range (cattle,
pigs, birds, humans) (Bram 1967) and as a
potential transmitter of Japanese encephalitis,
may introduce yet another vector-born emerging
disease and calls for close monitoring. Therefore,
practical measures for its surveillance and control,
including pathogen isolation, must be taken. At
the same time, investigations on other
arboviruses, such as WNV, Sindbis and Valley
Rift fever virus, transmitted by Culex pipiens
pipiens L., 1758 and Culex perexiguus Theobald,
1903 (Jupp et al. 1986, Turell et al.1996, 2002,
Jupp 2001, Orshan et al. 2008), species both
known to occur in Cape Verde, should not be
neglected.
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ABSTRACT

The abundance of humpback whales occurring around Boa Vista, Cape Verde Islands, was estimated by mark-
recapture modelling. Photographs of markings on tail flukes of individual whales were collected during the
breeding season. Sighting histories were constructed for each individual and an abundance of 171 animals was
estimated using a Jolly-Seber mark-recapture model. Correcting for known biases arising due to sex-specific
behaviour and temporary emigration insofar as possible, an estimate of 260 whales was obtained. This is
significantly higher than the previous estimate of 99 humpback whales from this region. Due to limited survey
effort it is not known how representative the study area is of the entire Cape Verde archipelago and this estimate
may be considered to be biased low and serves as a minimum estimate. The high recapture probability (0.37)
coupled with the low abundance is consistent with a small local population. The low survival rate (0.86)
suggests possible emigration and further studies are needed to assess connectivity between humpback whales
breeding in Cape Verde and other breeding locations. The amount of exchange between groups of whales
breeding in Cape Verde and adjacent areas remains unknown. It is unclear whether the abundance estimate
herein applies to part of an isolated population or part of a larger and continuous one.

RESUMO

Apresenta-se uma estimativa da abundancia de baleias-de-bossa na ilha da Boa Vista, Cabo Verde, realizada
através de modelacdo por marcagdo e recaptura. Durante o periodo de reprodugdo, foram fotografadas marcas
nas barbatanas caudais de individuos, tendo sido também construidos historiais de avistamentos. Aplicando o
modelo de marcacdo e recaptura de Jolly-Seber chegou-se a uma estimativa de 171 baleias-de-bossa. Ap6s
correcgdo, tanto quanto possivel, de desvios relacionados com comportamentos sexuais especificos e migragao
tempordria, a estimativa foi alterada para 260 individuos. Este valor é consideravelmente maior do que a
anterior estimativa para a mesma &rea, que identifica 99 individuos. Sendo os estudos ainda escassos,
desconhece-se a representatividade da area de estudo face ao arquipélago de Cabo Verde no seu conjunto, pelo
gue esta estimativa deve estar enviesada negativamente e deve ser tomada como valor minimo. A alta
probabilidade de recaptura (0.37) e reduzida abundancia sdo consistentes com uma populacéo local e pequena.
A baixa taxa de sobrevivéncia (0.86) sugere uma possivel migracdo, pelo que devem ser realizados mais estudos
no sentido de analisar a relagdo entre a reproducdo das baleias-de-bossa em Cabo Verde e noutros locais. A
frequéncia de mistura entre grupos de baleias que se reproduzem em Cabo Verde e em areas adjacentes
permanece desconhecida. N&o é claro se a abundéncia aqui estimada se aplica a parte de uma populacéo isolada
ou a parte de uma populagdo mais vasta e continua.

! Song of the Whale Team, Marine Conservation Research International, 17a High St., Kelvedon, CO5 9AG,
United Kingdom; cryan@mcr-team.org

2 Irish Whale and Dolphin Group, Merchant’s Quay, Kilrush, Co. Clare, Ireland

8 Marine and Freshwater Research Centre, Galway-Mayo Institute of Technology, Galway, Ireland

4 NOAA, National Marine Fisheries Service, Northeast Fisheries Science Center, 166 Water St., Woods Hole,
MA 02543, USA

5> BIOS.CV, Sal-Rei, Boa Vista, Republic of Cape Verde

* Current address: Hebridean Whale and Dolphin Trust, 28 Main Street, Tobermory, Isle of Mull PA75 6NU,
UK
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INTRODUCTION

Humpback whales Megaptera novaeangliae
migrate from northern feeding areas to the Cape
Verde Islands during winter to breed and give
birth. This species is typically found from
February to late May in sheltered waters in the
lee of islands. Although likely biased by search
effort, humpback whales are chiefly found off
Boa Vista, Sal and Maio, but occasionally
around the other islands of the Cape Verde
archipelago (Hazevoet & Wenzel 2000, Wenzel
et al. 2009, Ryan et al. 2013a). Based on whaling
records, it has been suggested that these
humpbacks are a separate population to that in
the West Indies (Townsend 1935, Smith &
Reeves 2003). Molecular genetic analysis and
photo-identification — matching  studies are
currently underway to investigate if Cape Verde
humpbacks are reproductively isolated from
those breeding elsewhere in the North Atlantic.
Preliminary genetic results suggest that this may
indeed be the case (Bérubé ef al. 2012).

Analysis of whaling ship logbook records
indicate that ca. 5000 individuals occurred in the
waters around Cape Verde prior to over-
exploitation during the 18" Century (Smith &
Reeves 2003, Punt et al. 2006). The only
available modern-day abundance estimate for the
archipelago is 99 (CV = 0.23), however the
authors cautioned that it may be unreliable due to
limited data available at that time (Punt et al.
2006). Furthermore, whether the abundance
estimates presented both herein and by Punt et
al. (2006) apply to a discreet population of
whales is uncertain. Nonetheless, a local
abundance estimate is important to monitor
trends in the number of humpback whales
breeding around Boa Vista in light of rapid

development of the coastal environment (Ryan et
al. 2013a). In the western North Atlantic Ocean,
there has been an increase in humpback whale
abundance at a rate of 0.031 yr* (Stevick et al.
2003). In contrast, on the eastern side of the
Atlantic, a general lack of data available on
humpback whales means that the species status is
not known.

In this brief study, an updated abundance
estimate is presented for humpback whales
around Boa Vista, one of the three eastern Cape
Verde Islands, using mark-recapture analysis of
natural markings from tail fluke images (i.e.
photo-identification). These techniques can be
used to derive estimates of abundance for
cetaceans (Hammond 1986), however the
underlying assumptions can be difficult to satisfy
(Hammond 1990, Hammond et al. 1990). The
greatest challenge in this regard is accounting for
heterogeneous ‘catchability’ (i.e. heterogeneity
in the probability of recapture) and
differentiating between temporary emigrations
(Hammond 1990, Kendall et al. 1997). Using
open-population models, permanent emigration
or death can be accounted for, but temporary
emigration presents challenges that are difficult
to address using small datasets (Hammond 1990,
Fujiwara & Caswell 2002). For a scenario such
as that in Cape Verde, where population structure
is unclear and movements between breeding
areas cannot be discounted, open-population
models such as the Jolly-Seber and Cormack
Jolly-Seber (Cormack 1964, Jolly 1965, Seber
1965) models are therefore appropriate.
However, heterogeneity still remains an issue,
which usually results in downward biased
abundance estimates (Hammond 1990).

MATERIALS AND METHODS

Between March and May each year from 2010 to
2013, boat-based searches were carried out for
humpback whales in inshore waters to the
northwest of Boa Vista, Cape Verde Islands (Fig.
1). A total of 385 surveys were carried out from
Sal-Rei, the main town in Boa Vista, both
opportunistically from whale-watching vessels
and on a dedicated basis from a 5 m rigid-hulled
inflatable (see Ryan er al. 2013a for details).
Although different platforms were used, the
survey methodology was similar in that vessels
left the port of Sal-Rei and carried out searches

of the study area ad hoc (Fig. 1). The route taken
was dictated by the weather and sea conditions
and once whales were sighted, efforts were made
to photograph the underside of the tail fluke of
each whale present by approaching slowly from
behind. Photographs taken using digital SLR
cameras with telephoto lenses were submitted to
the North Atlantic Humpback Whale Catalogue
(NAHWC) which was searched for matches
based on markings, namely natural variation in
pigments and scars. The NAHWC is curated by
Allied Whale, College of the Atlantic, 105 Eden
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Street, Bar Harbor, Maine 04609, USA
(www.coa.edu/ html/alliedwhale.htm). New and
recognizable individuals were then included in
the catalogue. Images were graded according to
photograph quality following criteria outlined by
Friday et al (2000) and the lowest quality
images on a three level scale were excluded from
this study. Due to changes known to occur over

22 Boa Vista humpbacks

time in the pigmentation patterns observed on
calf flukes (Carlson et al. 1990), all calf fluke
photos are retained, but not included in the
catalogue or wused in this mark-recapture
estimate. Following these matching and grading
processes, an annual recapture history was
constructed for each recognizable individual
whale photographed in the study area.

> Latitude
16.1 16.2 16.3 16.4

16.0

15.9

» Sal-Rei

Boa Vista

16.8

-232 -23.1 -23.0 -22.9 -22.8 227 -22.6 -225

° Longitude

Fig. 1. Map of Boa Vista showing the study area where search effort was conducted and the locations in which
photo-identification images were collected during February to May each year between 2010 and 2013.

Abundance was estimated using an open-
population mark-recapture approach in R (R
Development Core Team 2008). The Rcapture
package was used to fit both log-linear Jolly-
Seber (JS) and Cormack-Jolly-Seber (CJS)
models to derive estimates of abundance N,
apparent survival p and probability of recapture
. For each annual capture period ¢ ranging from
1 to ¢ the population size N; to N, were
estimated. Given that this study was conducted
over a short timescale in comparison to the life-
expectancy of a humpback whale, the total
number of visitors to the study site N is the
value of interest. However, the N, values for each
year were also considered to examine variability
in the number of whales visiting this location
between years. The JS model assumes:

1. that  ‘marked’ individuals  (i.e.

individually recognizable whales) are
representative of the population;

2. that individuals do not lose their marks
(or remain ‘identifiable’ between years);
3. that identified (i.e. ‘marked’ and
‘released’) whales have the same
probability = of capture following
‘release’;
4. that survival probability is equal for all
whales during a given sampling period.
As calf pigmentation patterns change during the
first couple of years after birth and calves have
lower probability of survival, they were removed
to ensure that assumption 2 and 4 were not
violated (Carlson et al. 1990, Blackmer et al
2000). The only available evidence of
differential sex-specific survival probabilities in
humpback whales is from the Gulf of St
Lawrence, where females have a higher survival
rate (0.992) than males (0.971) (Ramp et al
2010). No sex-biased survival rate is available
for the population in the present study, although
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if it is similar to that of Ramp et al. (2010), the
effect on the population estimate is likely to be
minor.

In its simplest form, the JS model which
estimates the total abundance N, is defined as:

Where @, the proportion of marked whales is
defined by:

my +1

ng+1
(where m; is the number of uniquely identifiable
whales photographed for time period ¢ and n; is
the total number of identifiable and
unidentifiable (unmarked) whales captured in 7).
M, the abundance of the identifiable whales at ¢,
is defined as:

(Z\t=

= (se+ 17,
CT TR A1
(where s; is the total number of whales

‘released’ (i.e. photographed and survived); Z;
is the total number of whales photographed
previously (i.e. < ¢ -1); R, is the number of
swhales surviving after ¢; and m;_, is the total
number of uniquely identifiable whales caught in
both ¢ and prior to ?).

For model validation, Pearson’s residuals
from the fitted models were plotted against the
frequency of capture. This method is appropriate
for log-linear models such as the JS model
(Krebs 1999), permitting assessment of a key
assumption of the JS model, that recapture
probabilities are homogenous among individuals.
Model choice was based on the goodness of fit
using Akaike Information Criterion (AIC). The
95 % confidence intervals were estimated using
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the equation provided by Krebs (1999) for JS
models, which uses the variance of the estimate.

Explicitly accounting for the effects of
temporary emigration can be challenging,
however Kendall er al. (1997) provided a means
to estimate the rate of temporary migration. This
is determined by dividing the capture probability
from the JS open population model by that from
a closed population model (Kendall et al. 1997).
For the purpose of estimating the rate of
temporary emigration, a closed-population model
was applied to our data using closedp command
in the Rcapture package. This routine attempts to
fit 12 different log-linear models (see
Baillargeon & Rivest 2007 for details). The
model with the lowest AIC value was chosen,
from which the estimated capture probability was
used to estimate the rate of temporary emigration
as described above. Kendall et al. (1997) also
presented a modified model to account for
scenarios where temporary emigration occurs in
a predictable manner, e.g. Markovian emigration,
where the probability that an animal is not
available for recapture in period i is dependent
on whether or not it was available for capture in
period i - 1. Accounting for Markovian
temporary emigration might appear to be
appropriate in the case of female humpback
whales which have a two year breeding cycle due
to their 11 month gestation period. However, our
data indicate that some males (as determined by
‘singing’ and genetic biopsy sampling) returned
to the study area each year. As the sex of each
whale was not known, we could not implement
routine Markovian temporary emigration type
models.

RESULTS

Between 2010 and 2013, a total of 119
individually  recognizable adult humpback
whales were photographed in coastal waters to
the west of Boa Vista with image quality
sufficient for inclusion in this study. A summary
of the number of recaptures per year is presented
in Table 1. The simple JS model was selected as
it had a lower AIC (83.5) compared to the CJS
model (221.5). A Pearson’s residual plot
exhibited good dispersion of indicating low
heterogeneity in the data (Fig. 2). The abundance
estimate for the total study period (2010-2013)
was 171 and the model parameters are presented
in Table 2. It was also possible to derive inter-

annual abundance estimates for some periods:
100 + 8 from 2011 to 2012 and 131 + 12 from
2012 to 2013. Estimations for the first period
(2010-2011) are not possible as there are no
appropriate prior data from which to estimate
recaptures. The rate at which new individuals are
being recorded in the study area is declining,
showing that the humpback whales occurring
around Boa Vista are well represented in the
sample (Fig. 3).

The rate of temporary emigration was found
to range from 0.45 to 0.52 for the duration of the
study. Therefore temporary emigration appears
to be an important source of bias in the
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probability of recapture in the present study. At
this rate of temporary emigration, the resulting
negative bias on the abundance estimate is 31%
(Kendall et al. 1997). The net known bias arising

Boa Vista humpbacks

due to both sex-specific behavior and temporary
emigration is therefore 52%, giving a final
abundance estimate of 260 humpback whales.

Year

2010

2011 | 2012 | 2013

Whales identified m:

40 22 26

Whales recaptured R;

23 21 23

Table 1. Number of whales identified and subsequently recaptured during the study.

Parameter Estimate CVv 95 % CI
N 171 0.02 163-179
7 0.37 0.75 0.23-0.53
p 0.86 0.37 0.52-0.97

Table 2. Mark-recapture Jolly-Seber model estimates including the absolute abundance (), capture probability
() and survival rate (p). NB, the estimate presented here is not corrected for known biases. See results section
for further details.
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Fig. 2. Scatter-plot of Pearson residuals versus frequency of capture for the fitted data from the chosen (Jolly-
Seber) mark-recapture model, showing dispersion which indicates low heterogeneity in the data.

DISCUSSION

Humpback whale research in the Cape Verde
Archipelago began in the early 1990s (see Reiner
et al. 1996, Hazevoet & Wenzel 2000, Jann et al.
2003, Wenzel et al. 2009). Unfortunately, these
research efforts were not spatially or temporally
comparable for the purpose of this mark-

recapture population estimate. These initial
dedicated surveys aimed to determine the
distribution and relative abundance of
humpbacks around the archipelago, which led
researchers to focus their future efforts on Boa
Vista. Although still an emerging industry in
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Cape Verde, whale-watching activities in Boa
Vista have been consistent since 2010. Whale-
watch vessels have proved to be a useful

25
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platform from which to carry out photo-
identification research to facilitate this mark-
recapture analysis.

Cumulative individuals

0O 20 40 60 80 100

50

100

| | |
150 200

Cumulative identifications

Figure 3. Rate of discovery of individually recognizable whales.

The geographic range of humpback whales
found breeding around Cape Verde today is not
yet known and this prevents a clear interpretation
of our findings. Furthermore, whether this group
is isolated or forms part of a continuous
population  remains to be  determined.
Nevertheless, one advantage of the JS model is
that it does not assume a closed population, i.e. it
allows for the possibility of inward or outward
migration. The abovementioned assumptions of
the JS mark-recapture approach have been
satisfied as far as possible, albeit without
accounting for the possible sex-biases arising
from differential survival rates and capture
probabilities. Regarding assumption 1, it has
been demonstrated that the distinctiveness of
humpback whale fluke patterns has no
measurable effect on abundance estimation using
comparable mark-recapture methods (Friday et
al. 2008). Removal of calves from the analysis
ensured that assumption 2 was not violated, as
fluke pigment undergoes significant changes in
young animals, but not so much in older animals
over short timescales (Carlson et al. 1990,
Blackmer et al. 2000). Furthermore, calves were
not considered because potentially they have a
higher rate of natural mortality, violating
assumption 4.

Finally, one unavoidable caveat exists in
relation to assumption 3 — females with calves in
attendance appear to prefer shallow waters (Ryan
et al. 2013a) where they are less likely to fluke-
up (and therefore be ‘captured’ for photo-
identification purposes). This results in females
with calves being under-represented, resulting in
a low biased abundance estimate (Smith et al.
1999). Furthermore, differential timing of
migrations according to sex and overwintering of
females at higher latitudes may exacerbate this
bias (Smith et @.1999). Such bias can be largely
overcome by sampling whales on both their
feeding and breeding grounds, but this was not
feasible in the present study. A parallel study
found that females were significantly under-
represented in a sample of biopsied whales from
Boa Vista (Ryan et al. 2013b). However, it is not
known whether sampling effects arising during
both biopsy sampling and photo-identification
result in comparable sex bias. The net effect of
sex hias in humpback whale photo-identification
mark-recapture analysis is that abundance
estimates are negatively biased by up to 21%
(Smith et al. 1999). Further bias in the estimate
presented herein arises from temporary
emigration, estimated to be 31%. Therefore,
accounting for a net negative bias of 52%, the
best estimate for humpback whales in the study



Ryan et al.

area is 260 individuals. Finally, as the means of
‘capture’ were non-invasive and were unlikely to
result in long-term disturbance, sampling
methods did not result in a violation of
assumption 3.

The abundance estimate of 171 to 260
individuals is low, but higher than that
previously reported by Punt ef al. (2006) from
this region (99 individuals). Given the challenges
arising from unavoidable heterogenity in capture
probabilities (Hammond 1990, Smith et al
1999), there may be further negative bias in our
estimate (in addition to that arising from sex-bias
and temporary emigration dealt with above). The
coefficient of variation on the estimate presented
here is an order of magnitude lower given that
more data are now available (0.02 compared to
0.23). It is not known how representative the
study area (northwest Boa Vista) is of the total
Cape Verde archipelago. This area is the most
important known nursing location for this
species in the eastern North Atlantic (Wenzel et
al. 2009, Ryan et al. 2013a). However, this may
reflect sampling bias given a lack of comparable
research effort in adjacent areas. As such, a
systematic  archipelago-wide  survey  for
humpback whales in Cape Verde is required to
determine if the abundance estimate presented
here is conservative. The high probability of
recapture reported here is consistent with a small
and potentially isolated population, with strong
fidelity to the area studied off Boa Vista. The
low survival rate (0.86), albeit with wide 95%
Cls, may indicate some outward migration and
would benefit from further investigation.

Photo-identification and molecular genetic
studies are wunderway in order to assess
connectivity between humpback whales breeding
in Cape Verde and other breeding locations such
as the West Indies (Per Palsbgll pers. comm.). It
is hoped that these studies may serve to address
some of the aforementioned caveats in the
present study. The most recent abundance
estimate (calculated from data collected only on
the high latitude feeding grounds) for the entire
North Atlantic Ocean is 11,570, although this
estimate is believed to be downwardly biased
(Stevick et al. 2003). Therefore, assuming the
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estimate of 260 presented here is representative,
the breeding group of humpback whales around
Boa Vista might constitute only ca. 1.8% of the
total North  Atlantic  population.  The
aforementioned sampling bias makes it difficult
to determine whether our estimate for Boa Vista
is representative for the archipelago. During the
1800s, some shore-based whaling was carried
out from Boa Vista although the details are
lacking (Cabral & Hazevoet 2011). According to
available evidence however, shore-based
whaling centred around the island of Séao
Nicoldo, where an estimated 105 whales were
landed between 1874 and 1918 (Cabral &
Hazevoet 2011). In addition, ca. 200 whales
were killed per annum in Cape Verdean waters
during peak activity by foreign whalers in the
late 1800s (Smith & Reeves 2003). To apply the
precautionary principle (i.e. a worst case scenario
whereby the abundances estimate presented
herein is representative of the entire
archipelago), this population may be precariously
small and therefore threatened by stochastic
effects and anthropogenic impacts. Furthermore,
unlike the humpback whale population of the
western North Atlantic (Stevick et al. 2003), this
population may be failing to recover from over-
exploitation despite commercial whaling ending
in Cape Verde in the 1920s (Cabral & Hazevoet
2011) and in the entire North Atlantic by 1955
(Smith & Reeves 2003). However local site
fidelity, a spatially structured population, or even
a distribution change cannot be discounted.
Therefore, an archipelago-wide abundance
estimate, coupled with a clearer understanding of
population structure of humpback whales in the
North Atlantic is needed. Future research may
serve to shed further light on the unknowns
regarding site fidelity and movements between
adjacent areas. However, until this time, and in
the absence of such information, the
precautionary principle invokes that strict
protection and clear conservation goals should to
be established for the estimated 171-260
(minimum  estimate)  humpback  whales
remaining in Cape Verde, currently the only
known breeding ground for eastern North
Atlantic humpback whales.
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A recent record of Cymindis alutacea Wollaston, 1867
(Coleoptera: Carabidae) from S&o Nicolau, Cape Verde Islands

Joshua Jenkins Shaw

Keywords: Coleoptera, Carabidae, Cymindis alutacea, rediscovery, Sdo Nicolau Island, Cape Verde Islands

The ground beetle genus Cymindis is the most
species rich amongst genera in the carabid
subtribe Cymindidina (tribe Lebiini). Four
subgenera are often recognized, i.e. Cymindis
(sensu stricto) Latreille, Afrotarus Jeannel,
Taridius Chaudoir and Pinacodera Schaum.
Cymindis (sensu stricto) has a predominately

GRibeira daiPrata

|

O'PraiafBranca

OFajdde Cima

(il

Holarctic distribution (Hunting 2013) and
includes Cymindis alutacea Wollaston, C.
dohrnii  Wollaston and C. anchomenoides
Wollaston (the last one sometimes placed in
Tarulus Bedel, either ranked as a genus or a
subgenus), all three endemic to the Cape Verde
Islands (Geisthardt 1988, 1996).
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Fig. 1. Satellite image with yellow marker indicating the site where the two specimens of Cymindis alutacea
were collected in Sdo Nicolau, providing some context of the locality with regard to altitude (Google Earth).
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During ornithological research in the island
of S&o Nicolau, Cape Verde Islands, two ground
beetles (Carabidae) were collected from under
stones in Parque Natural do Monte Gordo, ca. 1
km from the village of Cachaco (Fig. 1 & 4), 5
January 2014. The specimens (now deposited in
the author’s private collection; Fig. 3) were
collected at  approximately  16°37'11"N,
24°20'37"W Dby fellow research assistant Andrew
Power and the author. The altitude of the
location was subsequently determined to be 984
m, using the online resource Daft Logic
http://tinyurl.com/abv4ix. Upon return to the
United Kingdom, the specimens were taken to
the Natural History Museum (BMNH) in London
for identification. The collection of Thomas
Vernon Wollaston forms the major catalogue of
the coleopterous fauna from the Cape Verde
Islands and the two specimens collected in
January 2014 were compared to specimens from
Wollaston’s collection. These were collected by
John Gray and the Rev. R. T. Lowe during a six
weeks long sojourn in the Cape Verde Islands,
from mid February to early April 1864, aboard

Cymindis alutacea

the yacht The Garland. Wollaston himself was in
the Cape Verde Islands, together with Gray and
Lowe and aboard the same yacht, in January and
February 1866, but he did not visit Sdo Nicolau.

The recent specimens were clearly similar
to those of Cymindis alutacea in the Wollaston
collection. Further comparison of the specimens
collected in 2014 with Wollaston’s specimens
under a microscope revealed the following
characters (the combination of which is
considered diagnostic for C. alutacea) were
identical: antennal segments 1 to 4 sparsely
pubescent, segments 5 to 11 densely pubescent,
antennal segments 5 to 11 slightly darker than
segments 1 to 4, mandibles produced forward,
two setae on the inner margin of each eye, 2 to 3
legions between the frons and each eye, light but
dense punctuation in the pronotal foveae, front
angles of the pronotum slightly produced,
pronotum with visible microsculpture, pronotal
hind angles slightly toothed, scutellum on the
waist, shoulder of elytra evenly rounded, claws
toothed internally, femora, tibia and tarsi uni-
colourous pale brown.

Fig. 2. Specimens of Cymindis alutacea in the Thomas Vernon Wollaston collection housed at the Natural
History Museum (BMNH), London; the far left specimen is the type. Fig. 3. One of the specimens of Cymindis
alutacea collected at Monte Gordo, S&o Nicolau, 5 January 2014, in the private collection of the author
(photos by Joshua Jenkins Shaw).
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Fig. 4. Habitat near the collecting site of Cymindis alutaceus, Parque Natural do Monte Gordo, S&o Nicolau,
Cape Verde Islands, 5 January 2014 (photo by Joshua Jenkins Shaw).

In the Wollaston collection, Cymindis
alutacea is labelled as Cymindis alutaceus under
the following taxonomy: Subf. Lebiades.:
Platytarus, Fairm.: Faminii, Dej.: Tarus, Clairv.:
Cymindis, Latr. Five specimens of C. alutacea
exist in Wollaston’s collection, including the
type specimen (Fig. 2). No other specimens of C.
alutacea are catalogued in the collections of
BMNH (Max Barclay pers. comm.). The five
specimens were all collected in S&o Nicolau, as
indicated by the presence of blue on the bottom
right corner of the card on which the specimens
are glued. Wollaston (1867: 8) stated about
Tarus alutaceus n. sp. (= Cymindis alutacea):
“Several examples of this fine Tarus were taken
by Mr. Gray and the Rev. R. T. Lowe, from
beneath stones, on Monte Gordo, the highest
peak in S. Nicolao, during February 1864. Its
large size, reddish-brown hue, and alutaceous
(but almost unpunctulated) surface, combined
with its rather wider and more margined
prothorax, and the somewhat more obtusely
rounded humeral angles of its slightly wider
elytra, will readily separate it from the following
two species.” The ‘two following species’
Wollaston referred to are Tarus dohrnii
Wollaston 1867 and Tarus anchomenoides

Wollaston 1867 (both of which are usually
placed in Cymindis today), collected in Santo
Antdo and Séo Vicente, respectively, the former
by Heinrich Dohrn of Stettin, who was in the
Cape Verde Islands from December 1864 to
March 1865 (Groh 2012), the latter by Gray and
Wollaston during their visit to the Cape Verdes
in 1866. As for C. dohrnii, Alluaud (1925: 87)
remarked: “Probablement simple variété du
précédent” (i.e. C. alutacea), but this view has
not been endorsed by subsequent workers (cf.
Mateu 1964, Geisthardt 1988, 1996). However, it
should be noted that Wollaston (1867: 8-9) also
reflected on the possibility that C. dohrnii “may
represent but a permanent insular state of the
preceding species [i.e. C. alutacea], peculiar to
S. Antdo”, but having only a single specimen at
his disposal did “not think it would be safe to
treat it practically as such” and “therefore
retained it as disinct”. Mateu (1964) speculated
that C. alutacea and C. dohrnii share a common
ancestor that arrived in the archipelago relatively
recently, with the populations in the islands of
S80 Nicolau and Santo Antdo only having
differentiated after becoming settled on their
respective islands.
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C. alutacea appears to have not been
collected or reported alive since Wollaston

60 Cymindis alutacea

specimens collected at Monte Gordo in January
2014 provide evidence that this endemic ground

(1867) and its status was given as beetle persists at or very close to the type
‘indeterminate’ by Geisthardt (1996). The locality.
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