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ABSTRACT

Seasonal Activity of a Ground-Beetle (Coleoptera: Carabidae) assemblage in the remnant
of a Salty-Lake from Terceira (Azores). :

Ground-beetle species were sampled on the remnant of a salty-lake from Terceira (Azores)
during one year using pitfall trapping. Three strongly hygrophilous species were found to be
dominant: Notaphus (s. str.) semipunctatus (Donovan, 1806), Omasewus aterrinius nigerrimus Dejean,
1828 and Agonum marginatum (Linnaeus, 1758). The former and top dominant one, N.
semipunciatus, is a new record for the Azores and Macaronesia. The activity density peak of
these dominant species occurred in July. Thus, a «spring-breeder» ground-beetle guild was found
to be characteristic of this helerogeneous salty biotope.

Key words: Coleoptera, Carabidae, pitfall, species activity density (sAD), Salty-Lake, Azores.

INTRODUCTION

The Paiil da Praia da Vitdria (Terceira, Azores) is the only known remnant of
Azorean salty-lake. Recently, a bio-ecological study has been carried out in this
area, as part of an effort to establish conservational directives for Macaronesian
habitats (see DIAS er al., manuscript). The present study deals with the ground-
beetles (Coleoptera, Carabidae) inhabiting temporarily wet and remnant dry zones
of the mentioned region, aiming to assess their ecological importance for potential
Conservation.

A guild is defined as a «group of coexisting species at the same functional
place» (DEN BOER, 1986b). Therefore, the survey of a well defined ecological
group of species occupying a locality appears to be an appropriate approach for
any Conservation Management study.

Carabids are an important epigean soil-dwelling group, and their seasonal
locomotory activity on the soil surface reflects a number of evolutionary and functional
characteristics of the whole community (BRANDMAYR & BRANDMAYR, 1986).
Therefore, ground-beetles are remarkable ecological tools and they progressively
appear (o be favourable taxa for comparative ecological studies (DEN BOER, 1986b).
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Carabids have been subject to a large set of studies (see THIELE, 1977 and
references therein). Many investigations occurred on their seasonal activity or
abundance in several types of habitats including agroecosystems, wetlands,
grasslands and forests (e.g. DESENDER er al., 1981; BRANDMAYR & BRANDMAYR,
1986; HURKA, 1986; VITNER & VITNER, 1987; SAGASETA, 1988; NIEMELA et
al., 1989; YANOeral., 1989; HEIKAL, 1990; YAHIROetai., 1990, 1992). Conservation
studies using ground-beetles are also numerous (e.g. NIEMELA & HAILA, 1986;
NIEMELA et al., 1987; KLEINERT, 1989; ANDERSEN et al., 1990).

In Macaronesia, the scarce investigations concerning the seasonal activity of
Carabids have been carried out mainly by Spanish authors in the Canaries (see
references in MACHADQ, 1992). More recently BORGES & SERRANO (1993)
have studied a new taxon of Poecilini (Cedrorum azoricus azoricus n.sp., n. ssp.)
inhabitant of the Azorean climax pattern of autochthonous forest from Terceira
island. So far, no ecological studies have been reported on the ground-beetles in
the Azores and the only data available concerning the ecology of the resident species
are those of LINDROTH (1960). MACHADO (1992) used Museum collections to
obtain the seasonal activity of a large set of Canarian ground-beetle species.
However, in the Azores such analysis is not possible, due to the sporadic collection
activity in this archipelago (see BORGES, 1991), which makes any effort to establish
a valid phenogram very difficult. The phenograms presented here are based on
quantitative field sampling.

The use of pitfalls as well as the type of killing-preserving agents carry some
methodological problems (see revision in ADIS, 1979), but as pointed out by DEN
BOER (1986a) sampling with pitfalls is desirable because «it makes possible to
study a number of (dynamically) different carabid species simultaneously at the
same sites, and thus to contribute to a comparative approach to population ecology».
BORGES (1992a) using three killing-preserving agents (formalin solution, vinegar
solution and Turquin’s liquid) studied the seasonal diversity of the soil surface
arthropods in an area of pine woodland of Terceira island (Azores), and accurately
sampled the seasonal activity of the epigean soil arthropods.

The aims of the present work are: a) to establish the pattern of the species
Activity Density (SAD) for the more common Carabid species; b) to classify the
species populations of ground-beetles occurring in the studied site according to
their developmental (breeding) types (sensu LARSSON, 1933).

MATERIAL AND METHODS

Study area

The field work was carried out in Pail da Praia da Vitéria, a set of small
remnants of an ancient larger «Coastal Salty-Lake» located in the geologically oldest
part of Terceira island (Azores, Portugal), with U.T.M.: MH 49500-428703. The
altitude is about 0-1 m. The studied area was a fenced field (50 x 64 m) divided
into three different zones (see also DIAS er al., manuscript).

Zone 1.- A salty-lake dominated by the vascular species Ruppia maritima L.,

until now known in the Azores only from S. Jorge. Trapping in this zone was possible
in May, June, July and August (1991) (Fig. 1).
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Fig. 1: Different zones within the study area: Zone | - with maximum inundation almost all the
year (salty-lake); Zone 2 - temporarily waterlogged halophitic area; Zone 3 - permanently dry
pasture (see text for further explanations).

Zone 2.- Wet area with complex water dynamics during the year, being almost
flooded in October, November, December (1991) and January (1992). It is possible
to find some vascular species typical of marshy zones like Alisma lanceolatum
With., Apium nodiflorum (L.) Lag., Cyperus eragrostis Lam., Scirpus cernuus Vahl.,
Lythrum hyssopifolium L., L. junceum Banks & Solander, and also the halophilous
species Atriplex prostata Boucher ex DC. and Scirpus maritimus L.

Zone 3.- A permanently dry zone with a diversity typical of the Azorean
pastures with the species Trifolium pratense L., Lotus uliginosus L., Bromus
molliformis Lloyd., Poa trivialis L. and Lolium perenne L.

Sampling methods

A set of eighteen pitfall traps sampled the area on the last week of each month
during one year (from March 1991 to February 1992). The pitfall traps used (radius
=22 mm and depth = 80 mm) were dug into the ground, approximately 5 m apart.
To protect the traps against rainfall, plastic plates were set 5-8 cm above gound
level. The plastic jars were placed as close as possible to the edge of maximum
water logging (see Fig. 1). The killing-preserving agents used were: a 5 % Formalin
solution with 1 ml of detergent added in one liter; modified Turquin’liquid
(ASHMOLE & ASHMOLE, 1987) (10 g chloral hydrate, 5 ml formalin, 5 ml gla-
cial acetic acid, 1 ml detergent and dark beer to 1 liter); Vinegar solution (modified
from IACOVONE, 1985) (50 % of commercial vinegar and 50 % of water, and 10
ml of formalin and 1 ml of detergent for each liter of solution). Six traps were used
with each killing-preserving agent. For more details on the efficiency of these
killing-preserving agents see BORGES (1992a).
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Data analysis

The captures have been expressed as species Activity Density (sAD) -
individuals of a species caught in one trap during a standard period of 10 days
(adapted from the tAD of BRANDMAYR & BRANDMAYR, 1986). In October of
1991 the samples were lost due to flooding. The sAD plots were only computed for
the three most frequent species of ground-beetles.

For the nomenclature of the ground-beetle species we followed the recent work
of ZABALLOS & JEANNE (1994),

RESULTS

Seasonal activity-density variation

A total of 1,029 individuals belonging to ten (10) species were collected during
the survey (see Table ). Specimens of the three most frequent species numbered
971, which is 94.4 % of the total figure. These were Notaphus (s. str.) semipunctatus
(Donovan, 1806), Omaseus aterrimus nigerrimus Dejean, 1828 and Agonum
marginatum (Linnaeus, 1758). N. semipunctatus was the most commonly collected
(75.4 % of the total). Seven of the species numbered fewer than 20 individuals.

Notaphus semipunctatus (Donovan, 1806), is new for the Azorean and
Macaronesian ground-beetle fauna (see BORGES, 1990 and MACHADO, 1992
and in press). The other nine species are common but differently distributed on the
nine Azorean islands (see Table 2).

Notaphus (s. str.) semipunctatus (Donovan, 1806) (New for the Azores)
= Ocydromus (Notaphus) obliquum (Sturm, 1825): MACHADO (1992)

Recently, MACHADO (1992) cited the presence of Ocydromus (Notaphus)
obliquum Sturm in Praia da Vitéria (Terceira) living in the same habitat studied as
the present work. A careful investigation of the Systematic status of the Noraphus
specimens collected by me in the same area led to the conclusion that the MA-
CHADO (op. cit.) record was probably a misidentification, recently confirmed by
MACHADO (personal communication; see also in press).

N. semipunctatus prefers moist, silty sites with a moderately developed
vegetation, often somewhat shaded (Zone 1, Fig. 1). This species is not considered
to be salt-tolerant (see Discussion). The specimens of this Bembidiini species were
seen running about in the sun on the substratum surface, which agrees with the
behaviour of the northern European Bembidiini (ANDERSEN, 1985). N. sentipunctatus
is a strongly hygrophilous species active at 100 % r.h. above surface during sunny
weather (ANDERSEN, op. cit.), and as most Bembidiini it is diurnally active (LUFF,
1978).

N. semipunctatus was active throughout the season, showing highest activity
around June-July-August, with a maximum in July and August (Fig. 2). Following
LARSSON (1939), the July-August peak is consistent with the «autumn-breeder»
type of development. However, the Zone 1 (Fig. 1) is a Salty-Lagoon which has a
seasonal water-content pattern, and the peak of activity found in N. semipunctatus
during 1991 seems to be adapted to those conditions. Moreover, larvae were
collected in the pitfalls mainly in May, June and July (personal observation), being
the adult female specimens collected in July and August most probably dominated
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Fig. 2: Activity density (sAD) of Notaphus (s. str..) semipunctatus (Donovan) in a salty-lake,
Pail da Praia da Vitéria (Terceira, Azores).

by post-reproductive females. Thus, following THIELE (1977) we may consider
this species as a true «spring-breeder», but with flexible reproductive periods.

The small activity found by the new generation in the end of September would
agree with the «spring-breeder without autumn activity» (sensu LARSSON, 1939)
pattern. MACHADO (1992) using Museum data found a peak of activity during
the autumn (September-October) in the Canarian Bembidiini, Ocydromus (Nepha)
schmidti subcallosus (Wollaston, 1854) and O. (s. str.) atlanticus atlanticus (Wo-
llaston, 1854). During September and October (1991) the precipitation was high in
the studied area, and therefore the water reached the Zone 2 (Fig. 1), consequently
was the only Zone that could be sampled. Unfortunately, the October sample was
destroyed by flooding of the traps. Thus, we cannot affirm that . semipunctatus
has always less activity in the autumn months in Terceira (Azores).

Omaseus aterrimus nigerrimus Dejean, 1828

The data confirmed that this species is strongly hygrophilous, occurring in
marshes and at the border of freshwater, often on peaty soil, as pointed out by
LINDROTH (1960). O. aterrimus nigerrimus has a peak of activity early in the
spring (end of March), and very low activity during the summer (Fig. 3). However,
the maximum activity is displaced to early summer, coincident with the females’
peak of activity. Therefore this species behaves as «spring-breeder» in the Azores,
which agrees with data from Central Europe (HURKA, 1986). Like the former, it is
a species without larval dormancy.

O. aterrimus nigerrimus was sampled mainly in the Zone 2 (March, April)
(Fig. 1), but also in Zone 1 (May to July).

In Terceira we usually collect many specimens of this species during the spring
(April) and summer (August), generally at the edges of lakes under stones and
associated with Lagarus vernalis (Panzer, 1796), Paranchus albipes (Fabricius,
1801) (= Anchus ruficornis (Goeze, 1777)), Stenolophus teutonus (Schrank, 1781)
and Agonum marginatum (Linnaeus, 1758).

n
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Fig. 3: Activity density (sAD) of Omaseus aterrimus nigerrimus Dejean in a salty-lake, Pail da
Praia da Vitéria (Terceira, Azores).

Agonum marginatum (Linnaeus, 1758)

The results obtained validate observations by LINDROTH (1960) that this is
a strongly hygrophilous species, confined to the margins of freshwaters and the
sea-shore, where the soil is more or less clayish and some grassy vegetation is
present.

The species activity density of Agonum marginatum (Fig. 4) shows a typical
activity pattern of a «spring-breeder», with a spring peak of activity, a summer
dormancy and an autumn (i.e. September) period of activity by the new generation.
MACHADO (1992) using Museum data found a slightly dissimilar pattern in the
Canarian populations, without the autumn peak.

In Terceira, we also collected this species in Lagoa do Ginjal during the spring
and summer together with Lagarus vernalis (Panzer), Paranchus albipes (Fabri-
cius), Stenolophus teutonus (Schrank) and Omaseus aterrimus nigerrimus Dejean.

DISCUSSION

The destruction of the natural environments of the Azores by human activities
have been quicker than advances in the knowledge and understanding of the
ecological systems of this archipelago. Not only does the inventory of the main
Azorean biotopes remain to be compiled, but also the dynamics of the arthropod
communities occurring in most of them are totally unknown.

Given these restrictions, what do the conclusions of the former analysis tell us
about the ecology of the ground-beetle guild of the «Patl da Praia da Vitéria» salty-
lake? The most obvious conclusion is that the three most frequent species showed
a significantly similar developmental pattern, as a response to the physical features
of the habitat studied. The peculiar differences found between them are easily
explained not only by the fact that they occupy different microhabitats (see below),
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Fig. 4: Activity density (sAD) of Agonuwm marginatim (Linnaeus) in a salty-lake, Pail da Praia da
Vitéoria (Terceira, Azores).

but also because as postulated by THIELE (1977), carabid species respond
differently to basic physical and chemical properties of their environment.

The autumn-breeder species undergoing larval dormancy prefer habitats with
very little variation in microclimate (HURKA, 1986). For instance, Cedrorum
azoricus azoricus Borges & Serrano, 1993 living in the natural climax Azorean
forests of Terceira, is a true «autumn-breeder» (see BORGES & SERRANO, 1993).
Therefore, the «spring-breeding» pattern observed in our study site is almost
certainly a consequence of adaptation to an environment undergoing drastic seasonal
changes. Moreover, all the commonest species occurring in Pail da Praia da Vitéria
are macropterous, which indicates that are well adapted to a changing environment.
In addition, only the species without larval dormancy can develop in swamp and
marsh habitats, as larvae would not survive winter and early spring there (HURKA,
1986).

There was considerable overlap in the activity of some species within this
small salty area, creating a possibility of competition. ANDERSEN (1985)
demonstrated that different species of Bembidiini have different habitat moisture
preferences, and probably the same is true for other carabid groups (see also
THIELE, 1977; RUSHTON, et al., 1991). Thus, the three «soil water content» zones
defined within the study site may be occupied differently by the species as follows
(see Fig. 1):

Zone 1 (a salty, highly waterlogged area) - Notaphus semipunctatus, Eotachys
micros (Fisher, 1828) and Acupalpus dubius Schilsky, 1888 with an activity peak
in July. In Europe these three species are adapted to freshwater habitats (E. micros
in river banks and A. dubius in reed beds), being Notaphus semipunctatus not a
salt-tolerant species. This may signify that the salt content of this environment is
low and that we have here a remarkable case of adaptation to new conditions in an
insular free niche space. Other similar cases of habitat shift are well documented in
the Azores, namely with endemic species of Tarphius (Colydiidae) (see BORGES
1991, 1992b).

Zone 2 (a winter flooded area) - O. aterrimus nigerrimus, Agonum marginatum
and Stenolophus teutonus, with an activity peak earlier in the spring.

Zone 3 (a pasture like area) - Paranchus albipes, Lagarus vernalis, Anisodactylus

(s. str.) binotatus (Fabricius 1787) and Pseudophonus rufipes (De Geer, 1774) all
common species in the Azorean pastures (BORGES, 1995).

[
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Table 1: Pitfall captures of Ground-Beetles (males; females) in the remnant of a salty-lake (Paiil
da Praia da Vitéria, Terceira, Azores). F= formalin a 5%: V= vinegar; T= Turquin.

The extent of overlap between species is dependent on their size, occurring
the small species in Zone 1, being at least M. semipunctatus a diurnal «spring-
breeder» species which conforms with the results of LUFF (1978), that common
diurnal species are spring-breeders. Most probably all the species of Zones 2 and
3, being larger, are nocturnal. They would have difficulty in obtaining temporary
shelter from desiccation in the field during the day.

One of the major criteria from the conservation point of view is the occurrence
of rare species. None of the ten species found in «Pail da Praja da Vitéria» is an
Azorean endemic, but at least four of the six most common ones are autochthonous
(N. semipunctatus, O. aterrimus nigerrimus, Agonum marginatum and Eotachys
micros), having probably arrived by air (LINDROTH, 1960; BORGES, 1991,
1992b). Furthermore, N. semipunctatus (Donovan) is a new record for the Azores
and Macaronesia and seems to be restricted to the study area. Moreover, this seems
to be a restricted, old assemblage (Partil da Praia da Vitéria is located in the oldest
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SPECIES LIST DISTR. COR  FLO FAl PIC GRA SIG TER SMG SMR
Notaphus (s. str.) semipunctatis {Danovan) P +

Eorachys micros (Fisher) MT + + + + @
Lagarus vernafis (Panzer) P + + + & i
Omaseus aterrimus nigerrimus Dejean P + +

Agonum marginatiun (Linnacus} WP + + + + + + +
Paranchus alhipes (Fabricius) H + + + + + + + + 3
Anisodacryvlus (s. str.) birotatus (Fabricius) H + + + + + + + +
Stenolopus teutonus (Schrank) wp + + + + + + + +
Acupalpus dubius Schilsky WP + -+ + + + +
Pseudophanus rufipes (De Geer) H + + + + + + + + +

Table 2: Distribution by the nine Azorean Islands of the ten Carabid species collected in the
salty-lake, Paidl da Praia da Vitdria, Terceira (Adapted from BORGES, 1990 with new data
from BORGES, 1995). P= Palaearctic; WP= Western-Palaearctic; H= Holarctic; COR= Corvo;
FLO= Flores; FA]= Faial; PIC= Pico; GRA= Graciosa; SJG= S. Jorge; TER= Terceira; SMG= S.
Miguel; SMR=S. Maria.

part of Terceira, and earlier records of Azorean beetles already referred the presence
of the habitat under study), adapted to a heterogeneous habitat undergoing drastic
seasonal changes.

On the other hand, the plant community found in the area is composed by a
large set of rare species in the Azores, and at least the dominant vascular species
found in Zone 1 (Fig. 1), Ruppia maritima L., occurs in the Azores only in this
area and in S. Jorge (DIAS, pers. comm.).

Therefore this ought to be considered among the threatened or at least vulne-
rable communities in the Azores, and as a management measure of protection,
enlargement and preservation of the suitable «outlive» patches is imperative for
the survival of these ground-beetles with specialized habitat requirements. In fact,
as KLEINERT (1989) claimed «All undisturbed wet habitats offer good conditions
for a motley, luxuriant plant and animal life. They are true oases of stillness in the
transformed and disturbed landscape, serving as refuges, biocorridors, habitats for
hibernation and reproduction for wide range of free living beings, including
invertebrates and predators in particular».
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