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ABSTRACT. After 140 years of study, the Azorean beete fauna is, in some islands, still poorly known, with
51 families, 305 genera, and 524 species present in the whole archipelago (61 of which - 11.6% - seem 10 be
endemic). The intention of this account was to investigate which factors could best predict the aumber of
species from each Azerean island. The correlations herween the known distribution of the Azorean Coleoptera
per island (total species, antochthonous species, total of endemics, exclusive endemics), and the area. distanc2
from mainland, altitude and geological age were computed. We found that there were good correlations berwesn
the species diversity and the geological age of the islands, most remarkable being the value of r=1.32
(p<0.005) for the exclusive endemics. Considering caly the autochthonous species we will find an ineresting
Mediterranean-Macaronesian component. with the zsdemics reaching 29%. This Mediterranean-Macaronesian
component reaches 31.4% of the autochthonous species: moreover, there is a close taxonomic relation berwesn
many Azorean neo-endemics and relaied Madeirzn and Canarian species. These two facts can signify a
colonization with Macaronesian origin by "stapping stones”. Apparently the poverty of the Azoreln
Caleoptera is somewhat illusory, because the &ZFarences in divessity between the Azores and other
Macaronesian archipelagoes may be explained. in a probable order of importnce by: isolation. geolegical
youth. lack of strong diversity in some ecological paremeters and an unsuitably humid climate. The disasgous

action of the Pleistocene glaciations, though difficalt to prove. could be alternative or complementary to the

other factors.

RESUMO. Apds 140 anos de estudo. a fauna de Colkedpieros de algumas das ilhas dos Agores ¢ ainda muite
mal conhecida, estando inventariadas para este arqrélago 31 familias. 305 géneros, € 524 espécies. das quais
61 sao endémicas (11.6%). Com o objectivo de invesdgar quais os melhores factores predictivos do mimero de

espécies de cada ilha, fomos estudar a correlagio entre a distribuicio conhecida dos Coledpteros por ilha

Sy

; (espéuias tomis, espécies autdeiones. espdcies end2zicns (omis @ espéciag endémicas exclusivas), ot

disiincia zo continente. altitude mAxima e idade gevidgica das ihas. A amilise das correlagGes idade-diversiduiz
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* On the other hand, the isolation ol these islands in the Atlantic ocean (distances [rom the
mainland are 1600 km from Lisbon and 1900 km from Newloundland),
oldest) and their climale {extremely humid), counld be faclors that expl
their insect fauna (we will return to this subject later),

their youth (8 m.y., the
ain the apparent poverly of

+ What is most enlicing [or the researcher is that these islands, because of their isolation and
youth, are an excellent model system of nine islands of diflcrent geological ages |belween 0.037
and 8.12 m.y. (ABDEL-MONEM e al., 1975)] in an insular evolulionary process.

Our purpose is to discover and trace the data and observations on the natural history of the
Azoreuan beetles. When necessary or possible sume comparative analysis are made with the other
Macaronesian archipelagoes. The present known facts prove that the coleoplerous Taun
Cupe Verde Islunds hag nuthing in common with the fauna of the Cunaries und Madeira
(GEISTHARDT, 1982). In fuet, us a consequence ol his meridional geographical localization it
has been established that Cape Verde has a Lora (NICOLAS et ‘al.,, 1989) and rauna (BALz,
19824 and b; OROMI, 1982) very dissimilar from the uther theee northern archipel

t,"The latest checklist of beetles (Coleoptera) from the Azores (B()RGES,”'199U). is recenl.
This catalogue brings up to date the lists of MEQUIGNON (1946) and SERRANO (1982) (sce
also Table 1 from BORGES, op. cit.), including modern taxonomical aspécts and systematic
reordination of families, genera and species, probably more in wne with current phylogenetical
knowledge concerning the order Colcupluru.

aofl the

agoes,

Unfortunately, theie. are no such lists available for the wrchipelagoes of Madeira and the
Cauarics, muking impossible lllc-rculizuliun ol uny biogeographical analysis at the Maucaronesian
level. GEISTHARDT (1988), however, recehtly published a current list off Cape Verde beetles.

‘vt Schouw, a Danish phylogeographer, was one of the curlicst to sealize (he sitnil
ihcsc dilerent groups ol islands, and ulso the northwestem co

aritids between
L Alvicn, in his iliu]_.‘,ullgl'li|!llicnl
region Sempervivornm (ISRAELSON, pers. conn). SUNDING (1979)
giving the name of TMucuronesian Encluve” o this area un the
Moroceo and Spanish West Alrica.

iceepls this idea,
mainland, comprising southern

Philip Barker Webb, an English botanist, coined the name MACARONESIA ("lucky
islands™), which did not include the Altican pait (see WEBB & BERTHELOT, 1836-50). To
* start with, Macaronesia was probably intended to be the same a5 Canaries; however, the [amous

German phytogeographer ENGLER (1 879) (in SUNDING, [979) included all four
: archipelagoes in this entity, thereby giving a decisive impctqs Low

ards the acceptance of the name
by I1uluni§ls and zoologists. '

1992 Burges, Biogeography ol the Azorean Coleopiera Y

However, many zoologisls are more hesitant and oflen ty to evade the term by using
"Atlantic Islands” and not Macaronesia. During this work we will use the terin Macaroncsia
(sensu WEBB & BERTHELOT, 1836-50), because it is at the moment the one with most
generalized acceptance. When we mention the archipelago ol Madeira we include in it the
Desertas, Porto Santo and Sclvagens.

In this contribution 1o the biogeography of Azorean beetles we will use as a framework "A
cheeklist of the Coleoplera from the Azores" by BORGES (1990).

2. THE AZORES
2.1 GLEOGRAPITY AND GLEOPIYSICS

The Azorcan archipelago is focated in the North Atlantie, at the iple junction of the Burasian,
Alrican and North American plats. ‘Ihe distance between the Azores and the mainland is about
1390 Kim, calculated from Cabo da Roca (the most weslerly point of the European continent). It is
formed by nine volcanic islands, aligned on a WNW-ESE trend, which are distributed into three
groups: the vecidental group of Corvo and Flores; the central group of Faial, Pico, Graciosa, Sio
Jorge and Tereeira; and the oriental group of Sdo Miguel and Santa Maria (MapI- JAZL).

The largest island is S. Mipuel (757 kmz), and the smallest is Corvo (17 km®). S. Maria is
the most southerly island (37° M, 25 W), and Flores is the most westerly one (31° W), The most
northerly one is Corvo (39,7° N) (see'Table | and Map 1- A).

The distance between Corvo and Santa Marin, the islands Turthes apart, is abouwt 615 kin.
Corvo lies approximately at the same distance from the Iherian Peninsula and Trom
Newluvundland, All the intormation concering the longitde (long.), latitude (InL), area,
muximum altitude, distances lom the mainland and peological age of cach island are given in
‘Tauble 1. In this tuble the same Lype of information is also given lor the archipelagoes of Madgira,
Canaries and Cape Verde (see also Map 1 - 1),

Discovered by the Portuguese navigators in 1432, the Azores seem already (o have been
vaguely known, being indicated on older maps. Flores and Corvo were the last 1o be discovered,
in 1452,

The present Azorean landscape is strongly modificd by the presence of Man and only in small
areas (DIAS, 1988) where the soil or climate was loo rough, have primilive conditions remained
unchanged. Nowadays over 260,000 peaple live in these islands (IDREPA, 1988).
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Erosion effects are very important in these islands, Stormy waves, thrown up by strong
Altlantic winds, mold the shape of the coastal cliffs, that on S. Jorge reaches 100 m in height.
Torrential waler courses cleave decp mountain streams on the surfuce, as on Flores, S. Jorge and
S. Miguel., The relief is pronounced, with a few planallic regions on the islands of Pico,
Graciosa, Terceira, S. Miguel and S. Maria. Pico is the highest island of the archipelago (2531
m), Graciosa being the one of lowes! altitude (402 m) (Tablcl).

2.1.1. AGE AND ORIGIN OF THE ISLANDS
d there are many exumples of historical voleanice
cruptions (vide WESTON, 1964). ‘Ihe geological age of the nine islands is very dissimilar,

Because their formation ok a long period of tme, these islinds present bhoth reeent voleanic

All the islands have o voleanic origin, an

morphology (e.g. Pico) or more eroded, ancient formations (e.g. Flores and 8. Maria), 'There are
several studies concerning the geological dating of the Azorean islands, but unlortunately there is
no agreement concerning the age of some islands,

Three alternatives are proposed: one following FORJAZ (pers. comm.) (Table I: column
A), another with the results obtained by ABDEL-MONEM et al. (1975) and FERAUD et al.
(1980) (Table 1; column B) with the K/Ar method: finally one lollowing QUEIROZ (1990)
(Table I; column C). This last author follows, in.part, ABDEL-MONEM et al. (op. cit. ) and

FERAUD e al. (op. cit. ) but also other recent studics (c.g. FORIAZ, 198Gb; WHITE et al.,
1976; AZEV|EDO etal., 1986, ull in QUEIRWZ, 1990).

"
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sFigum 1.- Relation between the age of each of the Azorean islands and the Middle Atlantic
Ridge. The geological ages are those proposed by QUEIROZ (1990)
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In Fig. 1 s presented the daty of QUEIROZ (1990} in a graphical way. The age of the
dillererent islands of the archipelago is not positively correlated with their distance from the
Middle Atlantic Ridge (FERAUD ef al,, 1980). The same could be inferred from the ages
proposed by FORJAZ (pers. comim.) or ABDEL-MONEM er al. (1975) / FERAUD er al.
(1980).

As we can see from Table 1, diflerent ages have been proposed lor some islands, but
nevertheless the oriental group is the oldest one, with 8.1 2.million years (S, Maria) (ABDEL-
-MONEM er af. ,1975), coming tram the middie of the Miocene, SERUGHETTE & ROCHE
(1968) (in RYALL et al., 1983) propose about 2.9 m.y. of age for Flores (lable 13 column
1), but AZEVEDO ef al. (1Y80) (o QUEIROZ, 1990) estimate the ape of (his island as 1.8
niy. The cential proup is the youngest one,

It should also be pointed out e the peatopicat datings ol the Asgncan islands are (ar from
being considered tolally correet, mainly because the peological samples dated were probably not
taken from the older stratigraphic layers (NUNES, pers. comunn.).

There is some evidence of underwater mountaing in this archipelago. To the west of Flores
there is an old, now submerged island (RYALL et al., 1983). Near S. Maria, Lo the east of the
island, there is the Formigas complex of about 4,65 m.y. (ABDEL-MONEM ¢t al. ,1975). In
the Azorcan sca there are some well known [ishing-banks like the Princesa Alice (-44 m), Banco
dos Agores (-18 m) and Banco D, Jofio de Custro (-14 m). In the latter a small island was formed
in 1720, disappearing a litle later (ROUCH, 1966-67).

Thewe are also some other underwater mountaing interspersed  between Madeira and the
Portugnese coast (EVERS er al., 1970), which are well known fishing banks |Goringe
(-4Y m), Gictiysburg (-23 m), Ormande (<35 m), Ampere (=40 n), Seine (-59 m) and Josephine
(=150 m)| (BALZ & PINTO, 1983).

Some biogeoprphers (FEEER, TES 04 JEANNLL, TOAG; PRYIRRIMITOEE, [U46;
UYTIENBOOGAART, 1940; MATED, 1901; VANDEL, 1961 ) have supported the theary
thal sometime in the past (lale Tertiary) "land bridges” oceured between the Macaronesian
archipelagocs (e.g. Madeira, Canarics and Cape Verde) and the mainland. The acceplance of the
Plate Tectonic mechanisms and the confirmed volcanic origin of the Azores, made it a totally
oceanic archipelago (sensu WOLLASTON, 1854).

In spite of the three groups of Azorean islands being separated {rom cach vther by channels
1000 to 2000 m deep, the channel between Faial and Pico has zones of less than 100 m deep
[e.g. <20 me-50 m (BERTHOIS, 1953)].
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The eastern part of all Azorean islands are, geologically, the oldest ones. This is connected
with the seismo-volcanic mechanisms of this archipelago (FORJAZ, pers. comm.), which is

important because the occurrence and distribution of the Azorean autochthonous beetles are Lo
some extent related o it (see below).

2.2. CLIMATE

* Localed at a mean fatitude of 38° 30" and surrounded by the Atlantic Occan, the Azores cnjoy
the benefits of a mild and sgreeable climate,

The influence of the warm Gull' Strean is important, allowing lemperatures at sea level w be

quite similar in the southenstern and in the northwestern islands. “The same ean be suid of the
humidity (AGOSTINHO, 1966). !

Low thermal amplitude and high precipitation and humidity aee propertics of this archipelugo,
with its strong oceanic climale.

* The mean temperature values of each month change regularly during the ycar, with a
maximum in August and a minimum in February, the seasons beginning in the Azores one month
later than on the mainland (AGOSTINHO, op. cit.). The mean annual temperature is 17.5° C.

" The air spatial distribution of the temperature in a region is mainly affected by
physiographical factors, like altitude and orientation, the nature of the soil and its covering, and
the proximity of the sea. Most of the available data concerned with the Azorean climate are from a
restricled low altitude band, the climate of high altitudes being still unrecorded (DIAS, 198Y),
Considering the fact that maost of the autochthonous vegetation areas of the urchipelago we

situated in high altitudes, we con eusily understand the importanee of knowing the climate of these
clevated arcas,

The local macroclimute is strongly affected by the so-called "Azorcan Anticyelone”, alwuys
present in the eastern parl of the North Atlantic, When centralized o the southwest of the
archipelago, it is responsible for the distribution of the warm, wel trade winds (SW, NW), which
make the climale temperale (BETTENCOURT, 1979).

At high altitudes, the ecological action of the trade winds over vegetation is extremely
important (DIAS, 1989). The rain precipitation scems to be dircctly dependent on the air
circulation caused by these trade winds, making the rainiest islands the vccidental ones (Flores
and Corvo) and the driest one S. Maria (AGOSTINHO, 1941) (in DIAS, op. cit.).

Thé indblation percénluge in the Azores s very low, being in February about 30% and in
August aboul 45%. Therelore, nebulosity does not suller a great scasonal oscillation, but remains

PR e e T T
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stable throughout the year, This fact is very important, making it possible for each island to define
al high altitudes a "cloud-zone forest” (SJIOGREN, 1990), where a fog interception phenomenon
occurs. The resulting horizontal rain lias great ecological importance and is a consequence of the
Foehn effect (DIAS, 1989), In these cloud-zones, the rainfall (vertical and horizontal) is high,
leaving the air saturated with moisture and the soil waterlogged. In these conditions anoxia
phenomena oceur in the soil. The sipnilicant increase in rainfall as well as the dominance of the
Sphagnum species in high altitudes, decreases the pH  values (DIAS, op. cit.) with an
ceological diversity decirease (sce below).

2.2.1. PAST CLIMATIC CHANGIS

The Pleistocene climatic changes could have had some influence in the Azores. Thus, as we
have nlicady seen, the channel between Falal and Pico hog zones of less than 10O m depth, and it
is therefore possible that al the height of the glaciativn about 18,000 years ago, the lowering of the
sea level could have permitted a terrestrial passage between these islands (EASON &
ASHMOLE, 1992) [Estimates of the glacial sea level range from less than 80 to over 130 m
below the present level (BLOOM, 197 1)].

It secms probable, simply by virtue of the fact that the Azores are the most northern
archipelago of Macaronesia, that it should have suffered most from the influence of the glaciations
(ISRAELSON, 1990).

It is the position of the polar front that is ciucial W the argument, ‘Thas, ot the height of the
placiation about 1,000 yewrs ago, it lny approximately along latitude 427 N, and remnined close
to that position until nhout 14,000 yeas ngo. ‘The circulation pattern then underwent o deamadic
change (CoOPrE, 1986). In the castern Noith Atlantic the polar ront ioved very rapidly
northwards, so that by about 13,000 years ago it wag situnted to the nosth of the islunds and the
summer surlace temperatures rose about 7° C (RUDDIMAN et al., 1977) (in COUPE, a2,
cit.). This general patiemn of reteat was interrupted by a brief retarn to glacial conditions between
11,000 and 10,000 years ago, when the polar {ront moved southwards Lo latitude 50° N
(RUDDIMAN & MCINTYRE, [981). The postglacial climatic amelioration must have been
extremely rapid; by 9,000 years ago the polar front had returned to the conditions of about 13,000
years ago, with a warm climale.

We should point out that seven complete climatic cycles have occurred in the past 600,000
years, within which oi least L1 sepwate mufor suuthward adviniees ol poldar waler lave laken lace
(RUDDIMAN & MCINTYRE, 1970).
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2.3. VEGETATION

Following the list of HANSEN (1988), we find about 1,011 species in the Azorean vascular
flora, but only 1/3 of those are autochthonous to the archipelago (at about 300 species).

We think the best way to relate the vegetation and the diversity of the Azorean Coleoptera
will be to follow a typological and uniform classification for the present-day vegetation of this
archipelago. Several classification models have been proposed for the current Azorean vegetation
in recent decades (TUTIN & WARBURG,1953; DANSEREAU, 1970; SIOGREN, 1973;
LUPNITZ, 1975), all of them based on altitudinal zonation. However, for most of the Azoreun
islands the altitudinal zonation has a poor explanatory value (DIAS, pers. conumn,).

DIAS (1991) presents u botanical model less detiled but of great practical use. Morcover,
the Azorean Vegetation Maps [ollow the DIAS (op. ¢it.) elnssitication, beenuse of whicl we
also follow it The Vegetation Zones considered are:

Climax patiern of autochthonous forest - dominated by Azorean or Macaronesian
endemic arboreous species. The five subunilies considered by the author will not be followed by
us, because they are excessively refined for our proposal;

Seral spontaneous vegetation - zones where the plant communitics are in a dynamic
natural process of succession lowards a potential climax local vegetation. Dominated by the
endemic species;

Coast vegetation - where the plant communities are restricted Lo the coast border. It
includes the cliffs, the lava flows and the rare sand dunes and sand plaios;

i Marshy, Lﬂkcs and Wet peatland vegetation mires - ol very conunon occurrence in
the Azores, these zones include important plant communitics, e.g.: in the Lakes [Littorella
uniflora (L.) Ascherschon - Eleocharis sp); -Wet peatand vepetation mires (Sphagnm palustre
L. - Eleacharis multicanlis  {(8Sm) esv.].

Woodlands - mainly cucalyptus lorests (Eucalyptios globrlns Labill.y, cryplomeria lTorests
|Crypiomeria japonica (L. til.) D. Don.], pine Lorests and mixed woodland;

Pasture - this is al present the dominant vegetation zone in the Azores, In high altitdes
there is a special type of pasture, "The Semi-natural pasture” (SIOGREN, 1973);

' Permanent Agriculture - mainly [ruit trees;

Multiple Agriculture - several lypes of agricultural developments, e.g.: familiar
developments, greenhouses, crops, elc..
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3, THE AZOREAN COLEOPTERA

3.1, INTRODUCTION

Until now most of the works dealing with Azorean Coleoptera were of the faunistic type.
Most of tlhem are mainly devoted either to the des?ription of new species or to indicaling
discoveries that are new to the whole archipelago or to a particular island. '

Other, complementary types of approaches have also been made. The family Carabidae was
submitted to an claborate revision by LINDROTH (1960), in a work which also offers some
reflections on oversens dispersal,

Similar types ol Biogeogiaphic appronches have also been made by other authons, and we
can cite the following contributions: MEQUIGNON (1935, 1946); UYTTENBOOGAART
(19406); SERRANOQ (1982); SOUSA (1983); BURGLS (1990) and ISRAELSON (1990).

It also should be pointed out that there is a total lack of any kind of ccological work about
Azorean Coleoplera. Some such study, dealing with the Arthropoda of the Azorean nalural zones,
is rather urgently needed, because the autochthonous habitats have been destroyed and altered by
the introduction of invader species.

A vast and unexplored lield of study dealing with the ecology and evolution of Azorean
insects is open to future research. Nevertheless, sume preliminary studies have already begun for
the genera Trechus (Carabidac) and Tarphius (Colydiidae) [vide BORGES & OROMI (1991)
and BORGLES (1991a), respectively].

3.2 DIVERSITY
A28 THE LEYT OFF SPHCHS

As PLCTL & PECIC (T990) have pointed ot the stienpth or weakness of a biogeographical
analysis lics in the quality of the systematics upon whicl it is based. In this work we will follow
the most 1ecent cheeklist of Azotean Coleoptera [tum BORGLES (1990). However, for the
analysis that we inlend Lo do, new Lypes of information will be extracted.

The species are classified in several categories ol colonization (see Table 2), as introduced,
native, or cndemic, following the nomenclatuie of PECK & PECK (op. cit.). For the
determination of the introduced species we lollow the works of CROTCH (1867),
MEQUIGNUON (1946), LINDROTIL(1960) and GUIMARAES & BEUA (1974).



FAMILIES

GENEIRA

. _JSPECIES . LM.N.C. ]
TOTAL ENDEMICS [IOTAL|INIROD. [NATIVES |ENDEMICS(%) R
CARADIDAE 32 I 47 22 i 15(31.9) 18
DYTISCIDAL 5 - 9 - 7 222.2) )
GYRINIDAE 1 - 1 . 1 - l
HYDRAENIDAE 1 - 1 - z 1(100) I
HYDROPHILIDAE 6 . 14 12 2 - 2
PTILIDAE | 5 - 10 5 5 - 5
SILPHIDAE 1 - 1 | - - &
SCYDMAENIDAE 3 - 4 1 2 1(25.0) 3
STAPHYLINIDAE 58 - 121 73 39 9(7.4) 47
PSELAPHIDAE 2 - 2 - 2 - 2
HISTERIDAE 5 - 12 12 - - -
SCARADAEIDAE 9 - - .13 9 4 g 4
DRYOFPIDAE 1 . 2 s 2 - 2
ELATERIDAE 6 I 8 4 1 3(37.5) 3
THROSCIDAE I - 2 I [ « 1
BUPRESTIDAL 7 . a 2 I . I
DERMESTIOAL 1 - i ! - - .
LYCTIDAE i - 1 ] : . g
BOSTRICHIDAT 2 2 | ] . I
ANOBIIDAE 1 - 1 5 5 - 5
PTINIDAE 3 : 6 3 2 1(10.7) 3
TROGOSITIDAE I - ) 2 - - )
CLERIDAE . A 2 z 4 4 2 5 .
MELYRIDAE 3 . 4 - 4 - 4
NITIDULIDAE 10 s 23 18 5 - 5
SPHINDIDAE 1 - 1 1 - - -
MONOTOMIDAE 1 . 5 5 - - -
CUCUJIDAE 9 = 15 10 16.7) 5
CRYPTOPHAGIDAE 3 - 9 9 - ——. - -
EROTYLIDAE 1 - I 1 - - -
PHALACRIDAL . 3 - .5 2 3 - 3
CERYLONIDAE 2 - 2 - 2 - 2
ENDOMYCHIDAE 1 - 1 | - - -
COCCINELLIDAE 12 - 22 14 8 - 8
CORYLOPUIDAE 5 - 6 3 3 - 3
MEROPHYSIDAL 2 3 I - 266.6) 2
LATRIDUDAE 7 - 12 8 3 L(#.3) 4
CISIDAE I = l . - 10100 1
COLYDIIDAE 2 - 9 . 1 8(88.9) 2
MY CETOPHAGIDAL 3 - 4 2 2 - 2
OEDEMERIDATL | - | i g - .
ANTHICIDAE 4 . 5 4 I . !
TENEBRIONIDAL 12 5 18 12 5 1(5.6) 6
ANASPIDAL I - [ @ I - I
CERAMBYCIDAE 10 1 5 4 220 6
CHRYSOMELIDAE 10 5 17 13 1 3(17.6) 4
BRUCHIDAE 4 - 7 6 1 - 1
APIONIDAE 2 - 2 2 = = <
RHYNCHOPHORIDAE 3 - 4 4 - - -
CURCULIONIDAE 27 2 42 20 13 9(21.4) 22
SCOLYTIDAE 9 - 11 7 3 1(9.1) 4
. TOTAL=| 3G 5 524 | 314(59.9} [ 149(28.5) |  6L(11.6) 194

Table 2.-Rumber of beetle genera and species from the Azores per family, E.M.N.C.= Estimate of the minimal

number of colonists,
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Native specics oceur naturally in the Azores and are also known in other archipelagoes and on
the continentul mainland, Endemic specics are those thal oceur only in the Azores. When we necd
to refer together to native and endemic specics we will use the word "autochthonous”.

In this work, we present another checklist (see Table 4), which deals solely with the Azorean
endemic specics of Coleoplera. Endemics are divided into neo-endemics (N) and paleo-endemics
() (sensu  LINDROTH, 1960).

As in PECK & PECK (1990) we analyse the island beetle fauna on the basis of their
feeding puild or trophic function in the island’s ceosystem. Like carlier authors, we use the
system of BECKER (TY75) but with tome adaptations (see STORK, T987): Predatons (n);
Saprophingous (8), Fangivores (0 and Herbivares (h),

Al ol the rrophic data are Dased oncinferistion dovwn liom MEBOUIGRON (1940) and
GRASSE (1905), being generalizations lrom continental Tanas,

3.2.2. PRELIMINARY CONSIDERATIONS

The Azorean beetle fauna is now known to consist of 524 species and subspecies, in 306
genera, in 51 familics (Table 2). This makes beetles the most diverse of all the orders of inscels

(BORGES, 1990). The Diplerous insects with 415 species (SOUSA, 1983) are the second
most diverse order.

610

01 -

N° of species

400 -

RUIES

200 -

100

1850 1875 1900 1925 1950

Figure 2.- Rate of increase in the total number of reported beetle species Lrom the Azores (sce
‘Table Lin BORGES, 1990),
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During the past decade there has been a great increase in the number of new species ol
Coleoptera recorded in the Azores (Fig. 2). Recently, two more specices of Tarphius (Colydiidac)
(BORGES, 1991a), as well as a new genus, a new specics and a new subspecics of ground-
beetle (Carabidae) were described, [rom this archipelago (see BORGES & SERRANO, in
print.). j

The probable causes {or this increase are:

- the utilization of more eflicient techniyues of capture, with the use of several types ol traps
(e.g. pitlalls, colour traps) and bails (e.g. rotten [ruil, vincpar, Turquin, ete.) (sce BORGES,
1990, 1991a, in prep.; BORGES & DIAS, in prep.);

= the organization ol several specialized expeditions, which explored habitats hitherto
neglected (e.g. luva tube caves, lavi flows, MSS, cte.) (see BURGES & OROMI, 1991 and in
print; OROMI & BORGES, 1991; BORGES, in print);

- the facl that some taxe of problematic determination have linally been submitted W amore
precise study (e.g. Slaphylinidae) (vide ISRAELSON, 1984, 19854, 1990; GILLERFORS,
1986b, 1988; BORGES, 1990).

The most diverse familics are Staphylinidae (58 genera, 121 specics), Carabidae (32 penera,
47 species), Curculionidae (27 genera, 42 species), Nitidulidae (10 genera, 23 species) and
Coccinellidae (12 genera, 22 species) (BORGES, 1990). Dealing only with the autochthonous
species the values are: Staphylinidae (34 penera, 48 species), Carabidac (15 genera, 25 species),
Curculionidae (16 genera, 22 specics), Colydiidac (2 penera, 9 species) and Dytiscidae (5
genera, 9 species).

The number of known species [or cach island is now: 21 specics Irom Corvo, 182 from
Flares, 212 [rom Paial, 155 hiom Pico, 101 from Graelosa, 121 from S, Jorge, 245 hom
Terceirn, 336 from S, Miguel and 251 from S, Maria (up-dated from BORGES, 1990).

From Fig. 3 (see also Table 3), we con pet an iden of the disteibution of the species islund by
island, most notable being the Giet tat those islands with maost species are also the best explored
(i.e. Terceira, S. Mipuel and S. Maria).

The percentage of autochthunuus species is more or less similar on every island (see Table
3), being smallest on Graciosa (only 28%) and greatest on Corvo and Faial (43%). On the other
islands of the archipelago, this percentage oscillates between 32 and 419%. There is no signilicant
variation between the groups of islands, the percentage being 37% in the central group, 39% in
the occidcnuiil group and 40% in the oriental group.
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Table 3.- Comparison of the beetls faung of
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Flgure 3.- Distuibution ol the sutochthuious and intoduced speeies of heetle by the nine
Azorcan isluds,

3.2.3. NUMBER OF SPECIES, AREA, DISTANCE FROM THE MAINLAND,
ALTITUDE f&ND GEOLOGICAL AGE IN THE AZORES

With the recent publication of a checklist of Coleoptera from the Azores (BORGES, 1990),

itis now possible to seek for the most salient faclors for predicting the number of spccies on each
island. : |

ISRAELSON (1984) emphasizes the [act that the different Azorean islands are not cqually

well explored, In this case, it will be the total number of days or weeks of collecting eliort ol

expeditions contributing coleopterologicnl data o the Azores, that will explain the diversity
dillerences between the islunds, Unfortunately we know only the periods of permnnency ol each
oxpedition in the archipelngo (see b this wspeet BORGES, F9910), and thers are no availuble
data lfor the permanency on each island. Consequently we shall not investignte the correlation
between days or weeks of collecting elfort with the diversity, but we will use tie arca, distances
from the mainland, altitude and gcoloycal dgc, in order to know what is the best predictor for
species number. '

According to the Equilibrium Theory of Island Biogeography from MACARTHUR &
WILSON (1967), the number of specics living on an island is a balance between immigration
and exﬁncl'y)u. The immigration rate is more influenced by distance from the source area, and the
extinction rate by the island’s size. MACARTHUR & WILSON (op. cir.) also predict thata

dynamic cquilibrium, characterized by constancy of specics number and specics wrnover, will be
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reached. Validaling one of the predictions does nol in itself validate the other one, and it is
possible that a dynamic equilibrium s present while still remaining true that other factors than area
or isolation determine species number (WERFF, 1983); for instance, altitude (OROMI, 1982)
and peological ape (WILCOX, 1978).

As CONNUR & McCOY (1979) pointed out, a fundamental question is whether regression
or correlation should be used in species-area analysis. The authors conclude thal i one is
interested only in the degree of relation between specics number and area, correlation is the
appropriate method. Keepingy in mind G the small number of slands and 0o the range of arcas,
distances frony the mainlond, altingdes, and peolopien] npes invalved (extending over only two or
three orders of magnitade), the best model Toe the beetles is that osing e wteansfonmed variables
(WILLIAMS, TO82). In the lincar mode! the number of specics is contiollisd by prasive munples
from the "pool” of species and does not imply a Dalanee between immigration and extinction,

However, the cornelation results abtained by us should he viewed with eaution, because
according to SIMBERLOFL (1970), about 90% of the studied fauna should be known, and we
cannot guaranice that. In reality, there has been an enormous inciease in the number of known
beetles in the Azores during the past decade (see Fig. 2). Comparing the tist of SERRANQ
(1982) and that of BORGES (1Y90) there has been an inctease of: 10% in Corvo. 88% in
Flores, 30% in Faial, 273% in Pico, 334% in Graciosa, 72% in S. Jorge. 139% in Terceira, 32%
in 8. Miguel and 214% in 8. Maria (see Fig. 4).

g UL [ Moditied rom BORGES (1990)
;“.5;. E SERRANO (1982)
i B R
L,' Ky -
2n0 - d
100
s 13)
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COR .o Al Pc GRA SIG THER SMG SMR fshuids

Figure 4.- Increase in the nunber of beetles known (o oceur in the nine Azorean islands

hetween 1982 and 1990,
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The following analysis will deal with four groups of beelle species:

Total species - the total number of species on each island (total number of the introduced
native and endemic ones);

Autochthonous species - the total number of the native and endemic specics;
Total endemic species - Lhe total number of endemic specices on cach jsland;
+ Exclusive endemic species - endemic species exclusive to each island.

© 323,10 AREA

As has been noted by severml authors, the surface-areas of the ishunds are expected 1o show
some selation Lo their diversity, Lurger islands reccive n Inrger snmple of colonizing veganisms
thun a small island. Because larger samples might contain more specics, lwger islands will have
more species than small ones (CONNOR & McCoy, 1979).

Sceondly, large islands tend Lo have a greater variety of habitats than small ones. ‘The larger
the number of habitals, the larger the number of species that can be established on an island

(LACK, 1973).

| ¥y = 139,57 + 0.21047x R"2=0,402 e
! 1 r=0.63 (p<0.05) s

0 ‘ T i T T T v T %

T d L] X T -
0 100 200 300 400 500 600 Arca(km2) 800
i : Figure 5.- Regression of the number of talal species against Lthe arcas.
! FLO= Flores; FAl= Faial; PIC= Pico; GRA= Graciosa; SIG=S§, Jorge; TER= Ter-
i ceira; SMG= S. Miguel; SMR=S. Maria.
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S. Miguel; SMR= 5, Marin.

In our case, it was shown hat the specics-atea relation complies with the classic prevision of
MACARTHUR and WILSON (Figs. 5, 6 and 7).

There is a correlation between the surface-area and the diversity ol the islands. However, the
correlation value (r) decreases with the smallness of the species group, being statistically not
significant with the exclusive endemic beetle species (Fig. 8). Because of that, the r values
obtained for the total and autochthonous species (with highest values in the best studied islands)
are very probably a consequence not of an area effect but of a collecting clfort effeet (sce Figs., 5
and 6). [Furthermore, SIOGREN (1990) and VIEIRA & PINTUREAU (1991) support the
view that there are no apparent positive correlations between nrea with vaseulur plants or with
Lepidoptera [huna diversity, in the Azores).

Recently, BALLETTO et al. (1990), plotting the log of surface-nreas on Madeira and the
Azorcan islands aguinst that ol gpecics numbers of Coleaplern, Mullusea and birds, found
stutistically significant correlutions in all eases. However, in the case of beetles the authors could
only use datal, available before 1987 using the total number of species; since then other work has
been done (see BORGES, 1990). Moreover, PECK (1991) working data on tropical oceanic
islands showed a significant relationship between number of beetle species and island area.

3.2.3.2. DISTANCE FROM THE MAINLAND

As sh(gvn by the Equilibrium Theory ol Island Biogeography (MACARTHUR & WILSON,
1967), the immigration rate is most heavily influcnced by the distance from the source arca, and
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therelore the distances of individual islands from (he mainland are expected Lo present some
relation to their diversity. Islands farther from their sourcé area have both a lower number of
potential colonizing species and a less fiequent arrival of new specics.
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Figure 9.- Regression of the number of total species against the distances from the mainland.

FFLO= Flores; FAl= Faial; PIC= Pico; GRA= Graciosa; 5JG= §. Jarge: TER= Terceira;
SMG=S, Miguel; SMR= S, Maria.
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LINDROTH (1960) affirmed that the geographical isolation of the Azores is a clear obslacle
lo presumptive immigrants. We found that only the regression of exclusive endemic species
against distances of individual islands from the mainland do actually provide a statistically
significant correlation (r=0.66; P<0.05) (sce Fig, 12)

Howeyer, it is not possible to prove if the correlation oblained with the cxclusive endemic
species lufﬁs’ a biological meaning, or il it is a consequence of the islands located nearest the
mainland being simultancously the best studied ones (i.e. S.Mariy, S. Miguel and Terceira).
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3.2.3.3. ALTITUDE

BAEZ (1982b) vblained a signilicant positive correlation between the allitude of the several .
Canarian islands and the number ol species of Muscoidea; and the same correlation holds for the
Chrysomelidac Alticinae [rom that archipelago (BIONDI, 1987).

There is also a stalistical signilicant correlation between the diversily ol the Azorean vascular
plants and the altitude of the several islands (SIOGREN, 1990). For this author, the different

allitudes in the Azores form a higher diversity of climatic conditions and conseguently of

hiotopes.
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Figure 13.- Regression of the number of ntal species against the allitude
FLO= Flotes; FAl= Iaial; PIC= Pico; GR A= Graciosa; SI1G= 8. Jorsie; 1 ER= Ter-
ceirn; SMG= 8, Mipuel; SMR=5, Mmia
| B ks yo 0T £ 4,1059c38 RAT — 00005
4 120- o 1007 (14.5.)
4 : 7
Je o0 - L
L $ [{R1]
r. B - e
-~ fLo FA m
@ 4 e
o
40 A GRA
N o
20
0 + T v T v
0 1030 2000 Altitude (m) 3000

Figura 14.-Regression of the number of autochthonous spacies against the altitude.
FLO= Flores; FAl= Faial; PIC= Pico; GRA= Graciosa; SJG= S. Jorge; TER= Terceira;
SMG=S. Miguel; SMR= 5. Maria.
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Figure 16.- Regression of the number of exclusive endemic species agninst the altitude,
FLO= Flores; FAI= Fuial; PIC= Pico; GRA= Graclosa; §JG= S. Jorge; TER= "Tesceira;
SMG= 8. Miguel; SMR= S, Marin.

There is a weak correlntion between altitude and the total endemic specics (r=0.32), but only
10% of the variation is explained (r2= 0.10), being statistically not significant (Fig. 15).

As previously pointed out by OROMI (1982), who worked on a family of beetles
(Tcnebrionidag). there is no correlation of fauna with altitude in the Azores (see also Figs. 13, 14
and 16), but it is possible to find such types of correlation in the other Macaronesjan
archipelagoes.fA possible reason for this could be the fact that in the Canary Islands, for instance,
high islands have four zones, a sub-alpine zone, pine forest, laurel forest and a xerophytic zone,
all simply rdlated to the effect of the trade winds, the number of vascular plant species being
strongly related to elevation, though there is still an area effect as well (BRAMWELL &
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BRAMWELL, 1974). In the Azores such types of dilferentiation are not possible (DIAS, pers.
COIIL).

3.2.3.4. GEOLUGICAL AGE

Evolutive radiation occurs on continents as well as on islands, and the amount of adaptive
radiation must depend upon the age of an island’s fauna as well as upon the mode of origin
(DARLINGTON, 1938).

WILCOX (1978) found that specics diversity and ape are sipnilicantly correlated for lizards
on Post-Pleistocene Land-Bridpe Islimds, However, FAETH & CONNOR (1979) Tound some
errors in the nges estimated by WHLCOX (op. cit), and propused an nhemantive explanation for
his results,

For aceanic und voleanic Islands, like the Azores, geologieal ape - though ofwen negleeted -
could be a good biogeographical predictor. For instance, MACHADO (1976) contends that the
isolalion by lava (lows of the populations in the Canaries, could promole speciation.

During this work (2.1.1.; see also Table 1) we offer three different proposals for geological
dating from the nine Azorean islands. For the following regressions we will use the datings of
ABDEL-MONEM et al. (1975) and FERAUD er dl. (1980) (column B from Table 1),
because they are currently the most gencrally aceepted ones. Later, we will investigate which of
the proposals is the best predictor for the current distribution of the Coleoptera from the Azores
(sce Table 6).

40
y = 167,67 + 1,5265¢-5x  RAZ = (1,296
3 1 =054 (N8, n
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Figure 17.- Regression of the number of tolal specics against the geolopical age
(sensu ADDEL-MONEM et al., 1975 and FERAUD et al., 1980).

I'1.0= Flores: FAI= Faial; PIC= Pico: GRA= Graclosa: S1G=§. Jorge; TER=
Terceira; SMG= S, Mipucl; SMR=S Marin.
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From an analysis ol the correlation coellicients that have been caleulated Tor the selationship
between surfuce-area, distance {rom mainland, altitude, or geological age on the one hand, and the
beetle species nuimber for the Azores on the other, it has been lound that the peological age is the
best predictor for the total endemic species and for the exclusive endenic species (sce Figs. 19
and 20).

Mosl notable is the correlation value obtained between the geological age and the exclusive
endemic species (r=1.83) (p< 0.005) (Fig. 20) (sec below).

3.2.4. ENDEMISM

Ocennic ishada tend to present bipgh ates ol eodemisim, in paticoln ol the genns or gpeeies
level (CARLQUIST, 1974). During the 19805 the number of known endemic beetle species
From the Azores underwent ugeat inercase (Fig, 21), with 27 new fase deseribed.

About 11.6% of Azorcan beetles e endemic, a total of 61 species (Fabs 2, 3 and 4). A total
of 5 endemic penera oceur, with one species each (Table 4) [another new genus was recently
described (see BORGES & SERRANOQ, in print.)].

Only 4 families have endemic genera (Table 2). The genera Psendanchomenus TARNIER,
1860 [and also Cedrorum n. gen. (BORGES & SERRANOQ, op. cit.)] (Carabidae), Alestrus
MEQUIGNON, 1942 (Elateridae) and Crorchiella ISRAELSON, 1985 (Cerambycidae)y

probably represent ancient colonizalions, being truc relicts and authentic palco-cndemics. The
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genera Pseudechinosoma  HUSTACHE, 1936 and Neocnemis CROTCH, 1867

(Curculionidac) have known related raxa and are probably neo-endemics.
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Figure 21.- Rate of increase in the tolal number of recorded endemic beelle species from the

Azuwies (sce Table [ in BORGES, 1990).

Two of the four first genera have American affinities: Pseudanchomenus has characleristics
similar o some North-American faxa (LINDROTH, 1960); Crotchiella belongs to the
Achirysonini, a Cerambycinae tribe well diversilied in the Neotropical Region, but with scattered

representatives in North America and in the tropics and subtropics of the Old Waorld

(ISRAELSON, 1Y85b).
Reliet species me one of the most remkable chaacteristics of insulae fnanos (CARLOUIST,

1965 ). 1 the Azores there mee some exnmiples, represented by some of the Tollowing palea-
endemic species (senst LINDROTIL op. cit): eydvomus develticins ALLUAUD, 1920,
Pseudunchomenns aptinoides "I'ARNIER, 18060, Cedrorum azoricns n. pen. nusp, (BORGES
& SERRANQ, in prinl.), Atheta (Geostibops ) aptera 1SRAELSON, 1935, Alestrus dolosus
(CROTCH, 1867), Leptophloeus azoricus RATTL 1972, Crowchiella brachyptera
ISRAELSON, 1985, Neocnemis occidentalis CROTCH, 1867, Hypera multifida
ISRAELSON, 1984, Pseudechinosoma nodosim HUSTACHE, 1930, Acalles droueti
CROTCH, 1867, and perhaps even muore (see Table 4).

Also remarkable is the presence of three paleo-cndemics exclusive o Flowes (Ocydronus
derelictus, Atheia aprera and Acalles  droneti ) and three species exclusive o S, Maria

(Leptophloens azoricus, Neocnemis occidenmalis  and Hypera multifida ),
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Flores and S. Maria have a high relative munber of total
geologically Iaucienl islands, Conscguently (he results obta
correlation value between geological ape and exclusive en

and exclusive endemics, being botl
ined in 3.2.3 4, suggesling a pood
demic species (1= 0.83) (p< 0.005)

(Fig. 20), are here confirmed and strengthened. The analysis of Fig. 23 is still more illustrative

for our purposes, since, with the exception ol Pico (a g

geologically oldest islands which have the highest rates of et
S. Maria).

eologically young island), it is the
idemism (f.e. Flores, S, Miguel and
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Figure 23, Pereentape of the endemie beetles known (o aceur in (e e Azesenn islnds
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Oceanic islands, such as Hawaii and Galapagos, are famous for having allowed the
evolutionary development of spectacular "swarms" of endemic species [rom one or a few
ancestral stocks (PECK & PECK, 1990). In the Azores there ate three known examples of such
a phenomenon in the genera Trechus (Carabidae), Calathus (Carabidae) and Tarphius
(Colydiidac). in cach of them it secms confinmed that an ancestral specics has given rise to the
currenlly occuwring group of species.

Most of the endemic species are allopatically distiibuted in the Azores, with the exception of
the Tarphius species (ISRAELSON, 1990; BORGES, 1991a) and of th: paleo-endemic
ground-bectle species Pseudanchomenns aptinoides "TARNIER (lound on ico and S, Miguel)
(BORGES, 1990), "The ground-beethe Cedrormm azenieus n, pen. o, sp hae o new subspecics
(caveirensis n, ssp) accurring on Pico, being the nominate subgpecies loand anTerceirn and §.
Muia (BORGES & SERRANO, in print). I the penus Sarphing Clable ), it s posgsible 1o
lind three species that occur on more than one islaed, and on Flures, Pico, 5. Miguel and §.

Maria there me sympatric species (BORGES, 199 1a) (¢f. 4.4.).

4. COLONIZATION AND EVOLUTION OF THE AZOREAN COLEOPTERA
4.1. COLONIZATION MECHANISMES

Entomologists like JEANNEL (1946), PEYERIMHOFEF (1946), UYTTENBOOGAART
(1946), MATEU (1961), VANDEL (1961) and athers, were defenders of the continental
origin of the archipelagoes of Madeira, the Canarics and Cape Verde, or, at least, ]ll(‘l['.l(!.'iL‘,(] the
ancienl oeeunenee of ane or more "land bridges” between these islands and the nainland,

HEER (1850) similarly defemded the oceurenees of nsubmaning plate -the Atlantis-
connecting Ewope, Amctica and the oceanic islands Gneluding the Azores), The hypothesis of the
Atlantis, an old continent some tens of millions of years old (ditferent from the Plato’s Atlantis),
ol pre-historic age, was delended subsequently only by JEANNEL (op. cit.), with now
vbsolete arguments,

Nowadays, knowledge aboul Plate Tectonics relutes this possibility. It is proved that the
dircetion in which the ocean [loor was expanding was precisely the opposite direction, that is,
Europe retreating I'rom Africa and the Americas, with the Atlantic archipelagoes being of voleanic
origin. Besides, FRUCTUOSO (1591) and WALLACE (1872) had previously delended an
occanic origin for the Azores, the islands being colonized hy means of "long-distance dispersal”
(CARLQUIST, 1900; GRESSITT, 1974),
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SIMBERLOEE (1981) reminded us that a good colonizer needs, first of all, the capacity 1o
reach an oceanic island. ZIMMERMAN (1948) (in PECK & PECK, 1990) recognizes four
principal mechanisms by which fauna can arrive at an oceanic island:

(1) - on the surface of the ocean by rafting on flotsam, by floating, or by swimming;
(2) - through the air by active flight, or by means of passive transport by air currents;
(3) - by being carried in or on another organism;

(4) - by being carried intentionally or unintentionally by man,

(1)(@)-In spite of the existence of some dispersal records involving ralting or [Moating for
some archipelagoes, there are no such direet observations for the Azorean sen. ASHMOLE &
ASHMOLE (198 8) studied the inseet dispersal on the large occanic istand of Tenerife
(Canarics), concluding that the catches obtained in the neuston and kite nets indicated that many
arthropods are blown out to sea from (he island. Very probably the same is tue for (he mainland,
and many inseets can reach the islands over the surfuee of the veean, The colonizing individu
may have been adults, or even eggs, larvae, or pupae in or on Hoating plant mater
whole tees (PECK & PECK, 1990).

The pioneering experimental work of J. L. GRESSITT and his colleagues has demonstrated
the abundancq of insects carried in the air over the sea, at both low and ki £h altitudes
plankton (see references in PECK & PECK, 1990).

The oceanic location of (he Azores does not seem concordant witly th
animals [rom Western Europe. The warm current of the Gull Sucam domin

als

y including

- the aerial

¢ arrival of plants and
ates the entire Azorean
area throughout the year, with e occurrence of supetlicial currents with o North/South or North-
-westSouth-cust orientation. On (he other hand, the prevailing winds in the Azanes have n South-
-wesl m'icnlulit:m in winter, and a North-gast oricnttion in summer (FLERREIRA, 1955).

Consequently, ull Lypes of colonization by sea or air in this achipelago would se
every chanee of being ol American origin. Nevertheless, we should N
-Atlantic circulation underwent sume periods ol preat change during
glaciations (RUDDIMAN & MCINTYRE, 1981; COOPE, 1986), and
during the earlier ones. Although the direction of the prevailing winds
weslern colonization, the [act is that the known beetle specics in the Azores have a predominant] y
Palaearclic-Occidental origin (BORGES, 1990; sce discussion above).

(3) - Although some beetle species that live in birds” nests could
type of colonization "on another organism"

et Lo stand
smber that the North-
the last Pleistocene
also in all probability
and sea-currents lavoured a

be logical candidates for o
» We can draw no conclusion here because there is no
survey of birf-beetle or birds” nest -bee(le associations in the Azores,

i

. i |
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(4) - Discovered by the Portuguese navigators in 1432, the Azores seem ul'rcudy {.“ hfwc
been vaguely known, being indicated on older maps. For a great many yem.'s Lhis arclupe‘la‘go
provided ports of call for ships coming [rom the Americas. Some Ncuu;oplcal bectle species
known 1o oceur in the Azores may have been introduced in this way (MEQUIGNON, 1?35?.
GUIMARALS & BEUA (1974) presented a list of beetles that infest stored products in lhlS‘
archipelago, all ol them species highly synanthropic or anthropochoric, We caleulale that (th) the
species now present (524 species), as much as 314 specie.s (?9.9 %) (’Tab‘le' 2.) ha:T et:n
probably unintentionally introduced, a lot of them recently. This gives us an indication of human

influence on the current composition of the beetle fauna in the Azores (Ifig, 3).

4.2, ZOOVGEOGRAPHICAL ORIGIN OF THIE COLONISTS
4.2.1.THE GENERA

Lt is of particular inlerest to investigate the zoogeographical origin of the ‘gc.uera w1ir.h
autochthonous specics of Coleoptera in the Azores. The genera have been relerred Lo the
Tollowing categorics (PEYERIMHOFF, 1946): . N

l.- HOLARCTIC: In this category occur gencra with:some endemics in 1\he Azores; ‘e.g,
Trechus, Caluthus, Olisthopus, Bradycellus, Hydroporus, Agabus and Hlops U[h(:f's colonized
these islands by natwral imeans but have not speciated, nonely e g m:r'a (.neiu.mbu:s;]
Habrocervus, Scobicia, Nicobivm, Lasioderina, Anaspis and Siremear AN of them are we

presented i » Mediterranean L .
[LI”L;:HII'[:]I l.’.:\:i.t\l{: "I'Il(I: Teshoulel e pointed ont hat in the Azores ther s is o poverty of g‘cncm
witl s Buroasiatic distribution, Only the pencea Campaling, Blaps vl /'lrr'ml.m, thee Inst with an
endemic species, could be fncluded in this category, Campaling olivieri s e un]{/ l'mtm:n
cxample in the Azores ol a primitive xerothermic leature, with some curnient iepresentatives in
LIU‘L;L.-.]I:\;II.!E.};'I'I".I(N PALABARCTIC: In practice, this includes geners with o l\lcdi%cn':.lnuuu
distribution. It is the case of Aepus, Thalassophilus (with a relict cuvc:nic(jluus sp.ucws in lhz
Azores), Tarphius {cight endemic specics in the archipelago), Anrmrmrnfr.v, Cuthormiocerus an
Curdotrupis (cach with one endemic species cach), Amanrorhinus and Liparthrum,

4.- MACARONESIA: The gencra Prostheca, Hegeter, Gietella and Laparocerus (the last

two with cach one endemic species) belong Lo this category,
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4.2.2. THE SPECIES

With the purpose of invesligating the origin of known beetle species in the Azores, we have
classified the species into the several Biogeographi

cal Regions, resulting in the graphics presented
in Figs. 24 and 25. |
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Fig.urc 24.- Distribution of the Azorean beetle
(using the total number of species).
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Fig'ure 55.- Distribution of the Azorean beetle specics
(using the autoethonous species)

according Lo the major Bivgeographical areas
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An analysis of Figs. 24 and 25 may lead to the following conclusions:

L. The low rate of endemism in the Azores, the smallest among the Macatonesian and Cape
Verde Islands heetle faunas, is a relative concept, beeause, as we can see rom Fig, 25, the
endemic species (297%) supplant all other zoogeographical categories in the autochthonous
speeics. Using the wial number of specics, it should be remembered (hat Cape Verde has 31% of
endemisin However, the Canaries with 55% and Madeira with 39% sl show some disparily;

2. It should also be noted that the European allinity predominant when working with the total
species (Fig. 24) is Iess important when working with the autochthonous species  (Fig. 25),
being replaced by a Mediterrancan-Macaronesian allinity;

3 There is an important proportion of introdueed species that, when aut of the analysis (1ig.
25), renders Tess hapontant the Commapolitan, Hobaetie and Meotropicnl componentas of the
Azorean beetls fanng;

4. Nevertheless, the Western-Palacarctic component is still very important in the beetle fauna
of this archipelago (Figs. 24 and 25).

4.2.3. COMPARISON WITH THE OTHER MACARONESIAN ARCHIPELAGOES AND
CAPE VERDE ISLANDS

Of the 524 species of beetle specics now known Lo occur in the Azores, 197 have not been
recorded in the other archipelagoes in Macaronesia and Cape Verdce; 61 of them are Azorean
endemics. ‘The remaining 327 oceur also in one or more of the other archipelagoes in Macaroncsia
und Cope Verde Ishinds: 64 on Madeira alone, 35 in the Canaries alone, 4 in the Cape Verde
Islands alone, 162 an Madeirn and the Canaries, 3 on Madceim and the Cape Verde Talands, 4 on
the Cinaries and the Cape Verde Islands and 55 on Madeina, the Canies and the Cape Verde
Iskandy (moditicd hom BORGES, 1990)),

I the same type ol analysis is made Tfor only the autochthonous species (210 see "Tabs, 2 and
3) we getthe Tollowing results: 94 have not been recorded in the other archipelagoes in
Macaronesia, 61 of them being Azorcan endemics; and of the remaining 129, 36 occur only on
Madeira, L1 only in the Canaries, | only in the Cape Verde Islands, 57 on Madeira and the
Canaries, | on Madeira and the Cape Verde Islands, 2 in the Canaries and the Cape Verde Islands
and 8 on Madeira, the Canaries and the Cape Verde Islands .

These resulls show that, there is a great similarity between the Azorean and Madeiran beetle
fauna and an almost total lack of relation to the Cape Verde beetles.
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MADEIRA

The Madeiran fauna js essenlially of Mediterranean type, with some African clements

distribution,

I
CANARIES
The Canaries have some beetle fauna with »
and Southern Iberian), but they also have some 1
the islands nearest o the African mainland, Iy
BAEZ & PiNTO, 1983).

Other leature of thig [uuna is the hi

strong Mediterranean component (North African
ceently immigrated Afvican clements, mainly on
ericventur and Lanzarote (MATLU, op. it

£h raie of endemism (UYTTENBOOGART, op. cit.)
that in the beetles reaches about 55% (sce Table 3) and equally remark

able being the high
proportion of endemic genera (e.g. 19% in the Carabid

ae, MATEU, op. c¢ir.) and the adaptive
radiation that has occurred in some genera (see 4.4.).

CAPE VERDE

The Cape Verde Islands were colonized mainly by a faung origimating in tropical Alrica, and
also by a significant proportion of Mediterranean elements (UYTTENBOOGART, 19406;
MATEU, 1968; SERRANO, 1982). Concerning the awwchthonous beetle species, the rate of
endemism is high but varics from group to group (MATEU, op, cit.).

Nevertheless, OROMI (1982) insists that the Azores and the Cape Verde Islands are
marginal zones of the Macaroncsia,

4.2.4, ONTHE ORIGIN O THE AZORLEAN Coy JOPTERA
It scems lairly evident that die location of an oceanic i

sland and the direction of the prevailing
winds and sea currents will determine the geographic oripi

n ol the arrivals,

Close analysis of the Azorean [auna teveals the presence of a remarkable European
component, Although this archipelago is located between the Old and the New World, there is a
considerable lack of autochthonous American elements. The unique American beetle specics
occurrences were, beyond dispute, introduced by man (MEQUIGNON, 1935).

This Pilacarctic component is obvious in Figs. 24 and 25

»and is against the direction of the
prevailing \i’inds and sea currents. ‘This is the North Al

antic biogeographical paradigm,
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Considering that the autochthonous beetles of the Azorean archipelago came by natural
means, that is by long distance dispersal, we ofler the following hypothesis by way of
cxplanation:

| a) Large-scale changes in climatic conditions during the Pleistocene Age (COOPE, 1979,
1986), suggesting that the dircction of the winds may have changed during these c\ff:nls
(CRAFFORD et al., 1986). From this, it will be seen that we are discussing the paIe‘o—wmds
and paleo-currents of UYTTENBOOGAART (1946) (sce also SOUSA, 1985). Thus, the
Arorcan autochthonous beetle specics, remarkably, could be pre-Pleistocenc elicts;

b) Nevertheless, the importance of winds originating in Noith Alriea, called "LESTE", Tor
the dispersal ol inseets w the Madeiran michipelapgo has been proved (CLASLLY, !966).
Besides, itis equally true that semetimes such winds reach the Azones, catrying severnl Ill.‘I.(."CI..‘i.
as happened i the summer of [9R7 with the arrival in the Azores ol locusts from Ali’lcj'l.
WALLACE (1872) also emphasizes the Tact that the storms which oecur tUnoughout the year in
the North Atlantic carry with them o the Azores several specics ol birds, and very probably
insects too.

¢) Our botanical knowledge of the Azores is more advanced than the cntomu.lugical. DIAS
(pers. conn.) points oul the relevance of the Atlantic-Mediterranean Azorean [Iurat based on
the presence ol old taxa originating in Tethiano-Tertiary Hora (DIAS, 1989). Al the time of the
formation of the first Azorean islunds the Laurel Tertiary Vegetalion was already completely
extinct on the European mainland, and also on pait of the American. As a consequence of this
fact, the islands did not have aceess o species samples direetly from the mainland, but from
previvusly filtered samples (lilered by distance and hy specilic insular leates) of the Cmrlzu'ics-
Madeira-Josephine complex. Thus, DIAS (op. cit.) wlks about 0 "Doable Insularity" for the
Azorean wehipeligo (see also BALLIEITO e al, 1990 and WUDIREICTT, F991),

This thaird hypothesis seems (o ng exbemely ntteactive, being, in some sense, reconeilable
with the sccond one. Un the other hand, observing Fig. 25, it is evident ihat the Mediterranean
component of the Azorean awtochionous becetle species (a known common feature of Madeira
and the Cunaries) has been underestimated. In all probability this is because we work maost
[requently with the total number ol species, with a high synanthropic palagaictic component (Fig,
24).

This Mediterranean component, combined with the Macaronesian component, reaches 31.4%
ol the autochthonous specics; besides, there is a close relationship between the Azorean neo-
-endemics and some Madeiran and Canarian relatives. These two acts give plausibility o a
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colonization (')riginaling along a Macaronesian "Island Rosury" (DIAS, 1989) [the “stepping
stones" of MACARTHUR & WILSON (1967)]. : -

BALLE’I‘IO et al. (1990) po further, and stae that some Macaronesian species imay have

e Canary Islands, and, moreover, that the gencalogical
relationships of the Madeiran fauna are ro

ughly intermediate between those of the Azores and
those of the Canary Islands,

but rather closer to the [ormer than o the |
agree with these authors when they conclude that the Hightless or scarce
cannol migrate from the Azotes, beenuse ng A
demonstrated, a wide varicly ol endeimic
do participute in nerial dispersal,

atler. However, we do not
ly vagile wrrestrial speeics
SHUMOLE & ASHMOLE (1988) reeently

species [rom "Tenerile, some Hlightless or searcely vagile,

4.3. ESTABLISUMENT Q1 THL CULONISTS

TAKHTAJAN (1969) (in Dias, 1989) suressed tat
problem"; that is, the dynamics of the establishment of colonis
problem, anq i§ even less well undersiood. In fact, the number ¢
consequence 'of their dispersal capacity but alsg of their
(CARLQUIST, 1966 and 1974),

Several factors should occur simultaneous!
became successlull, such as: (he availability

arrving there is only half of the
Uspecics is the other half of the
[ taxa in one island is not only a

ability Lo establish themscelves

y in order that the establishment of a species may

of a favourable habitat and the presence of the
respective sexual partner (SIMBERLOFF, 1981). The relative absen

is another important condition, JOHNSON (1982) points out the im
in the insular fuunng, in particular in the Ptiliidae,

ce of predators and parasites
portance ol parthenogenesis
Such phenomena oceur in the Azones, e.g. one
species ol the family Corylophidue |Sericoderus  tatoralis (GYLLIING ALY (ISRALLSON,
19850); probably also in some species of (he Curculionidae (see BUCKLAND, 1988).
EHRLICH (1986) defines a suceesselul invader specics as one with the Tollowing leatures:
abundant in original range, polyphagous, short generation
tesistancy (o a wide variety ol physical conditions, and one in
colonize alone. -
MACARTHUR & WILSON (1967) introduced into ecology the terms "r -
"K-selection”, originally [or naming the reproduclive
"r-scleclion"-‘signified 4 highly selective ca

times, much penciic variability,
which a fertilized female is able 1o

selection” and
strategies of natural populations:
pacily for increasing a population from a few
individualsi and "K-selection” ‘was originally applied (o

a high competitive capacity in a
population with a stable number of individuals, PIANKA (1

Y70) enlarged the meaning of these
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lerms, relating them 1o two diflerent life steategics of natural populations. Therefore, the
suceesselul invader species, defined by EHRLICH (1986), fits the selective strategy type r
(for more information see PIANKA, 1970 and PARRY, 1981).

The lack of suitable plants will reduce (o some extent the success of any establishment by a
herbivorous species, while the survival chances of n polyphirgous predator or of a snprophagous
one will be high, because of their less pronounced specialization (BECKER, 1975), This 'sccms
o be particularly true on islands, where the oceurrence of a specialized herhivore specices is less
representative than on the maintaml, cansing predators 0 be much moe frequent on th.c iﬂltlrld.‘l.
‘The results obtained tor the Azores secem o support the theory of BECKER (op. cit.), since
speeinlists like the herhivore and Tungivore species repesent only 30% of the cndu.nicﬁ and 28%.
ol the native species (Vable 5). In this wespeet it s enlighiening that the Curculionidae, many ol
them specialized herbivores, are iepresented in the Azores by relatively lew species, whereas the
Curculivnidac is usually one of the most species reh beetle Lamilics,

‘The minimum pumber of ancestral natural colonizations of tie islands is estimated as the
minimum number of colonisls necessary to give rise to monophyletic groups occurring on the
islands, the sister-groups of which occur outside the archipelago (PECK & PECK, 1990)..

Using only the endemic and native species (that is, the autochthonous) we can thus csum;.uc
about 194 colonizations for the 210 species from the archipelago (Table 3). Working only with
the endemics, we oblain about 45 success(ull colonizations for (he 61 species known to occur.
These resulls are a little surprising, since for an oceanic island we would not normally cxp.ecl
such a high number ol colonist species in relation to the number of the auluchl]ml‘iou‘s species.
Over a period of 8 million years, it means an average rate of one successful colonization cvery
41,237 years.

I the Azmes, the relative poverty of the inseel herthivore specics, whon compared Lo the
wchipelagoes of Madeira and the Canaries, has been emphasized by several authors ge.g.
MEQUIGNON, 1940; SERRANO, 1982, QUARTALL, 19824), it can he closely El.‘\'-‘i(l'(."lil'l(.'.(l
with the relative poverty of the natural flora in this archipelago (1J1AS, 198Y: BORGES &
DIAS, in prep.). .

CARLQUIST (1966) points out that the corollas of the [lowers from the L)C@fl[]lc ‘lslands
have generally simple conligurations, enabling pollination t be done by a large s:.l ol pollinators.
Un the other band, BORGES & DIAS (op. cit.), after some studies with colour traps,
confirmed recently the primitive nature of the inscet-plant relationship in the Climax patlern of
autachthonous forest and High Altitude Natural Pasture communities in the Azores. In fact, these

authors Found a preferential attraction of the polential pollinators Tor white and yellow, the



FAMILIES NATIVES

CARAGIDAE |tL;f§§,ri::c:
DYTISCIDAE 7,0,0,0
GYRINIDAE 1,0,0,0
HYDRAENIDAE .
HYDROPHILIDAE 02,00
PTILIIDAE 0,500 .
SILPHIDAE - )
SCYDMAENIDAE 2,000 1000
STAPHYLINIDA 38,1,0,0 9.0.0,0
PSELAPIIDAE 0.0,2,0 m
HISTERIDAE : :
SCARABAEIDAL 04,00 y
DRYOPIDAE 0.0.0.2 s
ELATERIDAL 0,001 0,201
THROSCIDAL 0100 o
BUPRESTIDAL 0001 )
DERMESTIDAL -
LYCTIDAE ; )
BOSTRICHIDAL 0.0.0.1 :
ANOBHDAR 0.00.5 . .
PLINIDAL 02
TROGOSITIDAL Farl SELEEE
CLERIDAE " .
MELYRIDAL 4,000 :
NITIDULIDAE 0005 - .
SPHINDIDAFE, - )
MONOTOMIDAE . ' -
CUCUJIDAE 1L00 1,000
CRYPTOPHAGIDAL : ' m
EROTYLIDAE - .
PHALACRIDAL 0.3.0.0 ‘ ”
CERYLONIDAL 1,1,00 .
ENDOMYCHIDAL M .
COCCINELLIDAL 8.0.0.0 .
CORYLOPHIDAE 3.0,0.0 :
MEROPHYSIDAL . 0,200
LATRIMIDAL 03,00 0100
CISIDAL i 00, 10h
COLYDIDAL LoD R0}
MYCETOPHAGIDAL TN s
OEDEMERIDAL - -
ANTHICIDAE 1000 -
TENEBRIONIDAL 05.0.0 01,00
ANASPIDAL 0.0,0.1 N
CERAMBYCIDAL 0.0.0.4 0.0,0.2
CHRYSOMELIDAE 0.0, 1 0.0.03
BRUCHIDALE 0,0,0.1 Te
APIONIDAE : z
RHYNCHOPHORIDAL s :
CURCULIONIDAL 0.0,0,13 00,09
SCOLYTIDAE 00,0,3 0.0,0,1

TOTAL=|___ 7929338 36,7,1,17

%| 53.0;19.5;2.0,35.5 59.0;11.51.6;27.9 |

Talgle 5.- Trophic categories of native and endemic Azorean beetle species;

p= Predators; s= Saprophagous; = Fungivores;

= Herbivores.
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primitive colours of the corollas. Thus, we think that a phenomenon of "limited co-evolution” has
oceurred in the Azores, that restrained pollinators and more developed corollas have become
successlully established because of the absence of synchronism in the arrival of cach of these
clements (see also BORGES & DIAS, in prep.).

Beetes (being primitive pollinators) are present in these two habitals {Climax pattern of
autachthonous forest and High Altitude Natural Pasture), but not very well related to pollination;
some well known anthophilous familics like Elateridae, Scarabacidac, Cleridae, Mecloidae,
Buprestidae, Mclyridae and Qedemeridae mie practically absent in these Azorcan high altitude
arens, being Tumilics that have Tew or no anthophilous sepresentatives in this archipelnpo (see
BORGIES, 1990).

FRBER (TY20) suppested ns onimponiant season Loy the seacily nnd lited digtibution of
the Madeirnn Chrysomelidae, the dependence of these species on particular type of Tood, ‘The
seicity in the Azores of this usually diverse lamily could probubly be put down Lo the sune
ciuse, =

However, we should also not forget that the prevailing climatic conditions in the Azores

(exlremely oceanic and invist) could have prevented the suceesslul establishment ol many specics.
4.4. EVOLUTIUN AFFTER THE SPECIES ARRIVAL

Severul evolutionary phenomena can he abserved in the insular Faunas. ‘1here is no doubt that
brachyptery and aptery are very commeon insular adaptations in the inseets (LINDROTI1, 1960;
QUARTAU, 1982h; SERRANO, 1983; BASILIEWSKY, 1985).

Such phenomena can be found in many of (e endemic Azorcan heetles, and their oecurenee
coubd e e prened T two wayss it these nee apecieas i swhicl te neeator eolonial v nliendy
aptetons; or that they we specics that descended Trom o winged colonist, the wingleas condition
esulting from a secondary evolutionary insular process.

I the lirst category we could almost certainly include the Tarphins (Colydiidae), since its
wings are known nuot t function in any known workd species ol the genus. The Carabidae {e.g.
Trechus and Calathus ) are probably pood examples of the sccond calepory.

LINDROTI (op. cit.) found a negative correlation between the known distribution of the
endemic Azorean ground-beetles and their lack ol [lying capacity; that is, the seven specics of
endemic Carabidae known to oceur in the archipelago were all apterous or brachypterous and are

restricted to one island. Nowadays, we know 14 endemic species ol ground-heclles in the Azores
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(sce Table 4), which with the exceplion of Olisth
Maria), are all more or less unable 1o [ ly.
However, BORGES (1990) recently cited the paleo-cndemic specics P
aptinoides TARNIER on Pico, (he species now being known Lo oceur on tw
(Pico and S. Miguel). Morcover, BORGES & SERRANO (in print) found
h.gen. n.sp. on Pico (caveiren

opus inclavans ISRAELSON (endemic (o S.

sewdanchomenus
o different islands
Cedrorum azoricus
sis 0. ssp.), Terceira and S. Maria (nominate subspecies azoricus).
This gives an important clue 1o the ancestry of these species, very probably both relict species and
inhabitants of the old primitive Azorean Laurcl forests.

We should also consider (he opportunitics for evolution and fur adaptive radiation, possessed

lactors (PECK & PECK, 1990): a
und ceological upportunity offered by cealog
w exaniples of adaptive mdi
4.3.) - probably only documented in two genera (Ire
habitats in this archipelago,

by endemics; such opportunities are dependent on two main
low frequency of immigration, ical diversity,
ation in Azorean beetles (see also
chus  and Tarphins ) - by the seareily off

or, in other words (as pointed oul by QUARTAU, 1982a), by the
low ceological diversity of these islands,

Reverting to the argument of 4.3, (see also Table 2
we eslimale; that in the Azores 1.4 new species arise
result with that obtained by PECK & PECK (1990)
the speciation rate between the two archipelagoes,
coincidence without deep biological meaning,

‘Therelore, we cun explain the e

) on the number of ancestral colonizations,
per ancestral colonization. Comparing this
for the Galapagos, we note a similarity in

something remarkable, but probably a

On Madcira and in the Canarics there are renark
adaplive radialion. Thus, in the Canary Isl
than 60 endemic species, the

able examples of insular evolution and
ands the genus Laparocerns (Curculionidae) has more
most impressive case ol specintion in the M
(BAEZ, 19820), Also in this archipelngo oceur other exinple
speeies, Cardiophorus (Llateridac) with

acaronesinn islndsg
s Arraluy (Malachiidue) with 13
26 species, Hegerer (Tencbrionid
Calathus  (Carabidac) with 22 species, Tarphing (Colydiidac) with 20 speeies, Arhera
(Staphylinidac) with 15 species (BAEZ, op. cit. ) and also Trechus (Carabidac) with 18
species (BORGES & OROMI, 1991). In the Madeiran archipelago there are also some
examples: Trechus (Carabidae) with 22 species (BORGES & OROM], op. cil. ), Calathus
(Carabidae) with 6 species (MATEU, 1970), Tarphius (Colydiidae) with 21 species (FRANZ,
1969), Ochthebius (Hydrophilidac) with 5 species, Nesotes (Tenebrionidac) with 14 specics,
Laparocerus (Curculionidae) with 22 species, Caulotrupis (Curculionidae) with 9 species,
Acalles ((iiurculionidae) with 8 species (LUNDBLAD, 1958).

ae ) with 20 specics,
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In Azorean bectles there are only three known examples of insular diversification, m’ l'he
pencra Calathus (Carabidae) with 4 species, Trechus (Carabidae) with 5 species and Tarphins
(Culydiidac) with 8 species.

- The Azorean Calathus - ———
The genus Calathus has four species in the Azotes, distribuled on f(‘)lll' different 1san 's (s;:e
Table 4). Thereloie, it is one of the few known examples in Azorean insects of speciation by
reographical isolati zveral islands,
ijbll_‘.llli}\lllg]:l(;“l(‘illlzl;,;(()t;;{;il his revision of Azoican ground-beetles, considered that this was the
most interesting genus of Carabid beetles. All four known speeics belong lullllc me!aifucephah}u‘;
maltis proup, and unlike the tue, nd probably ancestral species, C maollis. MARSHAM (tha
has o W;.z.';l<l£um|u-:u| ind Notthern-Atrican disuibution) they are heachyptenone, .
SERRANO & BORGES (1980) stated that, according to acdeapus morphology, C.
carvathoi from ‘lereeira is the species most closely related to C.omollis. On ic other lmnd.l C
extensicollis [tom Pico is the most distantly related, sinee the intermal .'r.‘ul' ul the al‘udungus HE
some particular features that isolate this species Irom the others (LINL_JRU% i, 196?)‘. eced i
Recently, with the utilization of Pittall waps (see also BORGES, in Plup.). v-.'t, 'u) ecle e
species from S. Mipuel (C. lundbladi } and S. Maria (C. vicenteorum ) in the Climax p;;l;eEn Z
autochthonous forest, at high altitude. In spile of the use of a large number of traps ( 1:11 ].L
Miguel and 120 in S, Maria) few specimens were collected, probably because the present resider

populations of these Lwo species are not very large.

The Azovenn Trechus -
-l\lllLI:Lll':t’:.:.:::lllll ::‘;:’::uullc collections that have been made during I!.itmp%-.luullulglit_';jl
expeditions w the Azores - two  ditceted by NP ASIHIMOLE (Iitlillhlll-};il‘UI‘HVCI.‘;I[)‘() un‘lu1 ‘
OROMI (La Laguna University) i supported by the National (jt:ugm!ﬂ'nr: BUFIU?L.UT}: |.1|i:/ul
August 1987 and 1989; the latter also with our participation); lwo cx[»t:dsultrlm;:lgl(l;(, '.:lpt. (::ii:,wr
group "Os Montanheiros” to the island of Pico in May -l989 and i\’lilll:ll _IJ ;dd s((;ROMI .
participation; and an expedition carried out by us in Aprfl 1999 to S. Miguel (vide o
BORGES, 1991; BORGES & OROMI, 1991 and in print) - we can now say th
Azorcan cave beetle fauna has (inally become an object ol study. —
As a consequence of this the last catalogue of the Azorean Colcoplera made b:f o5
(1990) refers to four more species of Trechus (Trechinae) and one of Thalassoph

i T avi 's gccurring on some
(Trechodinae) (sce Table 4). Nevertheless, the Tauna from lava tubes occurring o
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islands in the Azores remain inadequately explored, and it is therelore possible that more ground-
-beetles may be found in this habitat in the near future,
(Corvo, Flores and §. Maria),
necessity of exploring the MSS ("Milieu Souterrain Superficiel”
in print),

The hypogean Azorean Trechus sp
adaplatiolns in other characters,

The lack of records from the older islands

) of this islands (sec BORGES,

such as depigmentation, elongated appendages, incipient
physogasuy, etc.; but Thalassophilus azoricus is even more u'oglombrphic. less pigmented and
with no eyes at all (MACHADO, 1988; BORGES & ORrOMI, 1991).

BORGES & OROMI (op. cit.) have pointed out that the

Azorcan Trechus spp. is the peculinr diswibution of the two
T montantheirorum,

most interesting fact related Lo the

specics from Pico, T, picoensis and

These two species live in the same lava wbe "Gruta dos Montanheiros” (Pico) (oceurring in
Sympalry in the entrance 1o the cave), and show different degrees of troglomorphy (reduclion of
eyes and bodily pigmentation). Recently HOCH & HOWARTH (1989) presented a similar case
in two new cave dwelling species of a new Australian cixiid genus (Homoplera ; Fulgoroidea). T
Picoensis is regarded as being troglobitic (obligatory cavernicole), and T. momtanheirorum as
being troglophilic (facultative cavernicole), i

As OROMI & BORGES (1991) pointed out, some of the most obvious dillerences between
the two species are those relating to adaptation to cave life
are more marked in T, picoensi

chaetotaxy have prob

(eye reduction, depigmentation } which
&5 some other differences like those of the nile genitalin and
ably evolved without relation (g the hypogean envitonment,

ILis considered likely that they represent g single invasion into the cave environment, heing
sister-species (BORGLS & OROMI, 19y I see also HOCH & HOWAR'T 1,1V8Y),

Another remarkable et related 1o the distribution of the Az
with the known distribution of T. terce

(Gruta do Coclho and Grula dos Baled
and Gruta do Caldeira). Several specimens were alse collected in the mesocuvernous shallow
stratum - MSS [the "Milicu Souterrain Superliciel” sensu JUBERTHIE (1983)]. This was the
first reference W a troglobite in the Azorean MSS (BORGES & OROMI, 0p. cit.).

can Trechus spp. is conneceted
iranus. In fact, previously known lrom only Lwo caves

es) it is now reported from two more (Algar do Carviig

- The Azorean Tarphius -

As in the previous genus, only in recent times have most of

he currently known Turphins
species romfthe Azores been discovered.

where 1o true voleanic tubes can be found, leads us 1o the

p. have retained remnants of eyes, but show marked °

i
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1992 Borges, Biogeopraphy ol the Azorean Coleopiern
s presence of mne
SERRANG (1982) in his chiecklist of Azorean beetles, refened Lo the presence of nnlydtI :
several oceasi ¢ : ressed his
species, T. wollastoni (Faial and Flores). However, on several occasions had he (cg;RRANO
l - i ¢ species occurred on the other islands (OE ;
rpri rese iter that no more specics oceurre .
surprise to the present wri : . s -
vers. comin.). Later, BORGES (1990) listed six species, the total number of known sp
[ o o b L] )
of Tarphius now being cight (BORGES, 1991a). ‘ I
The distribution of these eight species island by island calls for some comment. A .
i sird g > Canarie ly aboul 7%
ol the forty or more species of Tarphins known Irom Madeira and the Canaries, only "'
i ELS IS, cotn.j, in
of the species oceur simultancously in more than one island (ISRAELSON, pe
the Azores this is true for about 40% of the species (Table 4). ‘ T
It is gencrally accepted that no adaptive radiation phenomenon oceurs in the speciati }
‘ e i el since the specics ol cach ol these genera have
; o trechus Colathus in Azores, sinee the speeies o ;
ol the penern Frechus and : ' B thes o huve
imilar ceological needs (although in the ease of 1) picoensis and T momtanheivornm this mig
SHIAr co 2 A
R i ese iter (sce also BORGLES, 1991a)
However, some casual observations made by the present wrike N
o [ ive rudiation i : - Tarphius
scem Lo suggest the oceurrence of a phenomenon of adaptive radiation in the four it
ili ancestor esence
yi at in all pr Ly have the same ancestor. The pies
i scur on S. Maria, that in all probability :
species known Lo oceur o 1 anees R
in the eight species of similar nodular and acdeagus patierns, scems o Lunlugllth ¥p
iRF a; 55, 1991a).
(ISRAELSON, 1984, 1990; GILLERFORS, 1985, 1986a; BORGES, | -‘--|)hﬂbimls "
T, depressus and 7. nfonodulosus were collected by us in general subcortica p” 3
: . i T i e always collected in Pitfall traps.
less (requently in Pitlall raps. T, pomboi and T. serranoi were always collecled i | !pl
I ' i ilferent hahitat, living probah
We may conclude, therelore, that the two lalter speeies oceupy wdifferent hiditat, Itvmg,dp y
‘ ' i “species live o bk and decaying wood,
itler ; s s the two lonmer specics live nndes .
among liler and deliris, while t AR
:I tkahle i the Taet that 2 serranoi was collected enly in Climax paltern o
so remmkahle is the 1 Mected e e
tochthonous torest, though T pomhai e collected also inoa Coypromerio Sy
HUI 8 s, H
inga preal ce ical plasticity. .
showing a preal ceologica ‘ oo - -
11 Tour Tarphins specics me cndemic o one istand (8. Matia), acomring anly
B dc . i i opraphical isolati r isolation
1l natural high altitude Laurel forest, the Pico Alto. The geographical isolation o ]
caused by ¢ i in thi ve can think of severa
i icable 5 Ci though we can think
a plant adaptive silt are not applicable in this case, L
caused by a plam adaptive si . | ke e
i ancestor species, These speeies ae very probably g
sepirate invasions ol the common ancestor species,
sepirale mvasions o . AR e
Lit is conmmon o find T, depressus and 1. auforodidosus under the bk ol the s
and it is ¢ ) S ]
side by side, all lour species living in the same acca. ) N
ISRAELSON (pers. comni.), supports the vicw that some variants have probi

¥ wh L[] st u w T. serranei hel !; d i)ll(l i8] J. JHH!b M vl“d J'. el” eSSUs.
J I
|” |1k|]() n, 1. 1
.I|)]1L‘1|CL| e & d
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The fact that the descriptions by BORGES (1991a) of T: ponboi and T, se
on a Lype series made up almost enlirely of females
hypothesis that these specics Iy

rranof are based
(only one male per speeies) leads us to the
ive sume purlhcnuguuplicul methods of reproduction.

Following GILLERFORS (pers. comm.)

complex of forms; some have reached the status ol valid species but some are stll undergoing
dcvelppmeny

According to BORGES (op. cit.), lherc‘is_ a curious relationship between the nodular
pattern and the known distribution of some Tarphins specics in the Azores. T'wa
oceur on moi_‘c than one island, T fornvalli and T azoricu
pauunlls and are probably sister species; 7
aedeagus pa‘llcm's in common: T. depressus
Mafin) and is"(i:'ububly the oldest species,
Faial und_FIores,buing probably 1 young
suppoit Ior_tl}ils theory can be found §11 the
inT. dEPI‘EI.?.T:i.lS than in 7. wollastoni, _
" Three s'pecies have the aedeagus pattern in coi

T. ny‘onadnlq.ms (S. Maria}], and two of them havlg the same ecology, T acuninatus (Pico)
and T. serranoi (8. Maria), living among litter and debris
pomboi), the third species, 7. rifontedulosus lives under bark
olits poorly developed nodules is probably an Iu!dcéi'

or cuur.s:(:;

» the Azorean Tarphius 5pp. conslitules a

speeies that
s have the swme nodular and acdeagus
wollastoni and T. depressus have nodular and
livc‘s.uu the oldest and muost casterly island (S.
while T.'u'oﬂusrrmi lives un the western islands ol
er species. According 1o GILLERFORS (19806a),
size of ?lytl'al nodules, gencrally less well developed
nmon [T. acuminatus (Pico), T, serranoi and
(the same seems 1o apply o T.
and decaying wood and because
species (BORGLES, 199 1q),

cuause almost nothing is known about the

'y the realization of some genetical and

al this stage we can unly speculate, be
biology and ceology ol this genus, muking necessur
cealogicnl studics 10 conlin or clarity the carlier

slidements, We should also ot Forget that there
e no records of Terphins - for Corve,

Graciosi or S, Jorpe,

.4.4.1. DIVERSITY AND ENDEMISM Vs VEGETATION ZONES
: Ve |

Up to né)w there has not been any published work dealing with the insect-plant telationship in
the major Vegetalion calegories from the Azores, | !

' In all probability, many specices oceur in more than one vegelation lype. Nevertheless, the
analysis of the endemic species records for the s
experience.jlempts us to conclude that most
primitive Lakrel forests.

everal Azorean islands, added L0 our own

of the endemic taxa can be lound in the Azorean

A ———
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Thus, in the Climax pattern of autochthonous forest we can ifud the [ollowing
species: Oc}‘dronlms derelictus ALLUAUD, Trechus wrrems.?oi 'JEANNL-.L. Cahr(r:huds. sp:",l
Olisthopus inclavatus ISRAELSON, Pseudanchomenits apnnmda.:s TARNIER, 'e ror
azoricus azoricus BORGES & SERRANO, Bradycellus chavesi ALLUAUD, E“C;ml]_;[;
azoricus FRANZ, Phioeonomus azoricus FAUVEL, Geostiba melanocephala (CRF) C l',
Alestrus dolosus (CROTCH), Leptophloeus azoricus RATTL, Metophthalnus accu'iema is
ISRAELSON, | Tarphius spp., Helops azoricus CROTCH, Aromia ' thea RE'% [TER,
Crotchiella brachyptera ISRAELSON, Laparocerns azoricus 1DROUET; I'.semlc)chumsrl)mu
nodosum HUSTACHE, Acalles spp., Canlotrupis  parvus lSIU\liLS(J;\J and Phlocosinus
HIHE’S—T:::: (fﬁl:‘l:;]cl Is.pucics (e.g. Olisthopus inclavatus, Euconnus nzn.r]icns. I’hlrjeorfa‘n'l;;s
azoricus, Leptophloens azoricus, Metophthalmus occidentalis | '!'urphrrlr.r sm:,. (,rarf,hu."i:
brachyptera , Laparocerus azoricus, Pseudechinosoma nodosim and |1mbz_1‘h.1y still others) ca '
also be found in other habitats (like Woodlands). The fact that Climax pattern u
autochthonous forest from the Azores has been in greal part destroyed by Jm-m may produce
as a consequence an alternative adaplation of some generalist species to mher-hab'ltalls. Lson

Species like Calathus carvalhoi SERRANO & BORGES, Atheta caprariensis SRAI;ZI rs;
A. dryachares 1SRAELSON, Sphaericus velhocabrali 1ISRAELSON and Adlantoscis gillerfo l
ISRAELSON, though we think they could live in Climax pattern of nuluclllhmm'us l'or‘cs '.
have only been found up o now in other habitals (e.g. Eucalypins .l'urcsls. Cr_s',')fmnerta‘fulrt,su:],
Vine, ete.). The known population of Tarphing uzoricus on ‘Terecira hag, up o now, been foun
by us only in Pinns forest (see also BORGES, 1991a), | N

The Seral spoutancous vegetation, by ils features, can casily lodge most of the endemic
ipeeies welene s st I the ofder siapes.
II'I)L‘L'[]L'.::.:L(I.'((:::LI :1‘::;‘::;‘::: ::nu budly studied zone, probably because of lh.c dilticalty (fr Il.(_'l_"t.j..‘i.‘i
to some of the high cliffs. However, some species are known to oceur, Inku.Oclu{wbru.\' Jrey
D" ORCIHYMONT in small salt-waler ponds in the basaltic rock and Gietella faialensis MENIER
& CONSTANTIN in the recent lavas of the Capelinhos Voleano. ‘ .

In Marshes, Lakes and Wet peatland vepetation mires‘ occur species Illl(t,
Ocydromus schmidti azoricus LINDROTH (a species that wu‘s prevmlfsiy c'olllt;cled ol?slz
summil of Pico mountain; BORGES, 1990), Cedrorum azoricus ca veirensis ORG
SERRANU, Trechus torretassoi JEANNEL, Hydroporus guernei RFGEMBART. Agabus
godmani CROTCH, Atheta aptera 1SRAELSON and Mniophilosoma
GILLERIFORS,

obscurum
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In Woodlands (Eucalyptus forests,

. Cryplomeria forests, pine forests and
mixed woodland) live, ag already mentioned

» many species natural to Climax pattern of

. s is Pasture, In this highly anthropomorphic
habitat can be found species like Heteroderes azorieus T ARNIER, Heteroderes melliculus
moreleti TARNIER, Psylliodes vehemens azorica JACOBSON, Longitarsus
ISRAELSON, Otiorhynchus trophonius azoricns UYTTENBOOGAART and Hypera
ISRAELSON, .

Finu[ly. in Permnnent Agriculture gecuy speeies like Sphaeriens velhocabrali
ISRAELSON und Croichiella brachyptera ISRAGLSON, both jn vines, und Acalley
subcarinas ISRAELSON, in fruit wees, j "

U|1[01‘luglalely. it is only recently that beetle ¢
autochthonous forest with any intensity,

other hand, the difficulties of access to these natural areds can function as a natwral way of
conserving its rich and unigue beetle launa, !
. [

azoricus

multificl

ollectors have explored Climax pattern of

discovering many new species o science. On the

'
e

« Ui

S. DISCUSSION AND GENERAL' CONCLUSIONS
W

Practically all entomologists that have worked on th

poverly, when compared (o the other Macaronesian arely

¢ arthropod fauna of the Azores cile its
ipelagoesas, s the main leature of this

archipelago, During the course of the presenl work we have alrcady noted several aspeets related

lo this phenomenon, concerning the beetie faung, Now, we intend 1o summarize some ol the

Statements presented earlier, md demystity the situation,
' Recently, BORGLS (1990) summarized the several possible explanations for (e ultimale
boverty of the Azowean beetle (aung: -
I - Unfavourable climate for many species. Constant |
a general levelling of abiolic conditions,
(scc LINDROTH, 1960);

2 - The occurrence in the Azores ol larpe-

tigh levels of humidity cause
resulting in a pronounced poverty of biotopes

- scale voleanic activity, with many recent
historical eruptions, may have as a consequence Lhe destruction of [ocal launas (sce also
LINDROTH, op. cit. and SOUSA, 1985);

i
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3 - The influence of human activity, with the loss of natural habitats and with the
probable extinction of some native or endemic beetle species;

4 - Long distances from the nearest mainland - geographical isolation;

5 - The recent geological age of the Azores - 8 Million years. The Azores were
probably the object of a secondary colonization, receiving their fauna not from the
mainland but from the intermediate islands:

6 - Insulficient exploration may also be important: in the last seven years 28 species
of Coleoptera from the Azores were deseribed as new Lo scicnee;

To these cun also be added:

7 -"The vole of the Pleistucene Glaciations (see [SRALL SON, 19H); EASON &
ASTIMOLE, 1992),

Nevertheless, it seems that though it is true that comparing the amount of endemism of the
Azorcan beetles (11.6%) with those of Madeira (39%]) and the Canary Islands (55%), we can
truly consider the former to be low, it is also true it the percentage ol 29% obtained when
working only with the autochthonous speeies oblige us o reflect more carelully upon the figurcs.

We should also remember that the amount of endemism in Madeira and the Canaries would
be superior i we were working also with the autochthonous species ol these archipelagoes.
Nevertheless, such differences will never be as marked as in the Azores example, since the
number of introduced species (most of which are widely distributed) would be similar in the
Azores, Madeira and the Canaries, the otal number of known species in these last two
wchipelagoes being much higher, Thus, in absolute terms te value ol 29%: of endemism for the
gulochthonous beetle speeies from the A zores shows an unexpected relative "wealth”,

Letus now analyse in some detail the reasons usuatly given for the poverty of the Azorean
beete launa:

(1) - CLIMATL, The exttemely oceanie climate of the Azor s, with mote or less constantly
high levels of butmidity throughout the yeur, is an important faclor, mainly hecause of a peneral
levelling ol abiotic conditions provoked by high levels of walerlogged soil. In fact, . Maria,
being the driest island of the archipelago, has a wide variely ol habitals, mainly the xerophytic
ones, with the occurrence of some specics well adapted (o these biotupes, nol casily found on the
other islands.

On the other hand, il we relate the low thermic amplitude and high precipitation and humidity
to the homogenceity of the (usually acid) Azorcan soils, we have conditions conducive (o a low
level of eeological diversity (QUARTAU, 1982a).
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(2) - VOLCANIC ACTIVITY. The volcanic phenomena of these islands are oflen used to
explain the destruction of local faunas and the consequent extinction of many species, On the
other hand, as pointed out by SOUSA (1985), the volcanic phenomena have encouraged the
dispersal of some populations, which, colonizing other islands, led (o the occurrence of speciation
events with a resulling increase in diversity.

At the same time, the Hawaiian type lava flows prevalent in the Azores could isolate two or

more populations (CARLQUIST, 1966; see also MACHADO, 1976), leading to specialion
cvents. To support this idea, we have the hypogean faun
recently described (see 3.1). BORGES & OROMI (1
could have had an important role in the two speciati
species Trechus picoensis and T, momtanhe

a of the Azores, with scveral species
991) have alfirmed that voleanie activity
on events that led o the fommaton of (e

irorum from (he Gruta dos Montanheiros (Pica),
Acearding Lo these authors, the two specintion processe

s probably accured during n breakdown
of ceological equilibrium related to voleanic events,

with the destruction of the natyral el orest
and consequent potential isolation ol cave and surlace populations.

For instance, if in the Azores tie cave colonizalion could 1
-effect theory (BARR, 1985) [since this Atlantic archi
of the last glaciations (see COOPE, 1986)]1, we can pe
cvolution of L;riéslrial troglobites in the Azorcs,
hypothesis is the adaptive-shift theory (HOw
Islands. This l}hem’y does not invoke isolation d

wt be explained by the Pleistocene-
pelago remained out of the direct influence
thaps apply a similar theory (o explain the
teplacing climate by volcanic aclivity. Another
ARTH, 1973), first applied to the Hawaiian
uring climatic (or possible volcanic) chanpes, bul
instead proposes thatl the partly adapted ancestors shifted inty newl
(HOLSINGER, 1988). ‘ L

' Another ilnlcrcsiing cxample studied is the occurrence of Uie endemic species Gierella
faialensis MENIER & CONSTANTIN (Meraphysidae) in the Capelinhos Voleano (1 historicnl
cruption from 1957-58 in Fainl), that has its most closely rel
MENIER & CONSTANTIN living in the Canardes: the two species live in the same bivtope, the
recent lavas near the scashore (MENIER & CONSTANTIN, 1988, 1989). Gierella MENIER
& CONSTANTIN being an endemic Macaronesian genus (with only
reinforcement is given 1o the hypothesis that lava [lows {very commeon
the Azores, the Canarics, Galapagos, Hawaii, etc.),

y developing niches

iled species, Gierella Jortinata

these two specics known),
in some archipelagoes like
can not only cause the extinclion of some
local fauna, but can also isolate others, promoling phenomena of genetic drift and leading w the
nccurrence of speciation events (BORGES & OROMI, 1991; MACHADO, 1976).

Recently BORGES & QROM| (op. cit. ) made the first record of a troglubite specics,

Trechus fcrce’mmes (Terceeira) to the MSS ("Milicu Soulerrain Superliciel”). Since then, we have

e
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collected other specics in this biotope (on Fereeira and S. Maria), most of them not liaving been
studied yet (sce BORGES, in print). Nevertheless, the centipede. Lithobius obscurus azoreae
EASON & ASHMOLE, was recently recorded for the MSS of Terceira hy EASON &
ASHMOLE (1992).

Thus, observing the diversily of the endemic cave Tauna of the islands of FFaial, Pico, S.
Jorge, Terceirn and S. P\'Iig.ucl (see OROM er al., 1990; BURGES & OROMIL. 1991 and in
print), we can say that the voleanic activity of these islands is probably an agent of
diversification leading o the creation of new disposal biotopes (e.p. lava Hows, Iava ibes,
M&S) Therelore, wo are in partinl disagicement with BALLETO ef al, (1990) when,
explitin the poventy of the Azoean Tauna, they point out U imporiance ol the devastating uciiuri.
ol requent voleanic eruptions. Motcover, the example addoeed by these authors betays a lack ol
knowledge, ecarse the "Capelinhos” croption added new land 1o Vaial ail died not destroy o
considerable part ol the istand, as they allin.

(3) - HUMAN INTERFERENCE. The signiticance of human interference can be observed in
thiee dillerent ways: (1) destroying the Laurel Vegelation arcas in the Azores probably leads to the
extinction of sume autochthonous beetle species; (h) replacing the autochthonous vepetation by
industrial woodlinds and pasture diversilics the number of available bivtopes; () introducing new
species mainly with a cosmopolitan feature enriches the otal fauna, but could also lead to the
extinction ol sume autochthonous beetle species by competition or other inleractions.

Itseems to us that the destruction of Laurel Vepetation arcas in the Azores may have led 1o the
extinetion of autochthonous beetle specics. However, the Tarphius  azoricus population of
Tereeira has, up to now, been found by us only in a Pinus Torest, in the peologically oldest part
ol the island (see also BORGES 1990 and 199 1a). "This lact seems w show that, in spite of the
natural Torest baving heen destroyed in this aen, this species was capibile ol adapling to g4 new
habilat, The conquest ol these new biotopes by beetles endeiic o the Azanes was all the casicr
because, a lot ol them being predators, they must have had a comparatively good chance of
adapting themselves to somewhat altered conditions (ISRAELSON, 1990; see also BORGES,

199 [a)

Nevertheless, LINDBERG (1965) (in GRESSITT, 1974) pointed out the lact that some
of the beetle speeies described by ‘I V. WOLLASTON in the Macaronesian islands are
nowadays extinel; BORGES & OROMI (1991) subsequently observed that it is not surprising
thal the troglubitic specics of Trechies {rom the Azores are relicts, in spite ol not heing very old,

beeause the epigean environment has been strongly modilicd by human alteration,
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(4) - GEOGRAPHICAL ISOLATION. Witho
Azores is one of the most important factors in ex
were probably subject to a colonization of Ma

ut doubt the geopraphical isolation of the
plaining its relative "puvertly”. These islands
caronesian origin by "stepping stones" (e.g.
Madeira). We are talking here ol a "Double Insularily" phenomenon (DIAS, 1989). On its own,
this fact would explain the relative poverty, since the Azores have been Subject Lo a double
liltration in the acquisition of its fauna. The Tact that a g
have some sister Broups ol specics on Madeira and i
above hypothesis,

cal part of the neo-endemics in the Azores

1 the Canarics could perhaps sustain the

However, it should also not be forgotien that the Azores include

a Boreal component in i
endemic beetle fauna, samething not found in the other M

acaronesian archipelagoes, This faet
enhanees the prabability of 0 colonization witl itg ordgin on the

(5) - GEOLOGICAL AGL. "I'he recent geological age of
plausible explanation for the relative low

Luropenn muinlund,
the Azores seems o be the muost
amount ol endemism of thig archipelago.

As was shown by the biogeographical analysis made above (3.2.3.),
cach Azorean island seems 1o be more important than the area and (he dist
mainland, in the distribution of its endemic beetle species. The older islan
and 5. Maria) have a higher number of total and exclusive endemic be
younger islands, even though Flores and S, Maria are islands with a smaller

Also revealing is the fact that Flores and S. Maria
(sce Table 4); thus Beological age has pr

the geological ape ol
ance from the nearest
ds (Flores, S. Miguel
ctle species than the
s ared.
each has three exclusive palco-cndemics
cal inlluence in the differential (inter-island)
diversification of the Azorean beetle Muna. '

Murcuvci-. us pointed out by BORGIES & OROMI (1991), here
hetween the degres of wdaptution: ol cavernicolous heetle faunn from the
the islands, Thus, one of the oldest islands, S. Mig

is o clear correlation

Azanes and the nge of
uel, possesses the most hipghly evolved
cuvernicolous specics, the Thalussophitis azoricus, while the hypogean
specics are on the youngest, central, islands,

and less evolved Trechns

The island of Pico is the only one that presents a disharmony in the relation hetween its fauna
and its geological age. In fact, in spite ol being one of the younpest Azorean islands, it has o high
percentage of total and exclusive endemics. This can be explained by the followin g lacts:

- iLis the sccond largest island and (he island with highest altiwde, thus increasing the
chances of having a high level of biotopes diversity:
- having undergone recent volcanic activity, it has young lava tubes and lava [lows,
togetheg with the presence of a well diversified cave fauna;
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- the northeastern part of the island is the oldest part, it being there that most of the
endemic beelle speeies, associated with the old Climax patiern of autochthonous forest,
oceur,

Nevertheless, we should not exclude the possibility of this island being older than we
nowadays think (NUNES, pers. comn). In fact, P, aprinvides TARNIER (['uum{ on Pico
and 8§, Miguel) and Cedrorum azoricus n. sp. (found on Tereeira, Pico and S. M:u't.u) oceur
simultancously on a old island (S. Migucl or 8. Maria) and on a peologically young island(s)
(Pico or / and Terceira). This leads us Lo the hypothesis that both are palco-cndemics (sensu
LINDROTH, 1960), being selict species and inbabitants of the Climux pattern of autochthonous
forest, The fact that C. azoricns . sp. has o primitive female genitalia reinforces this hypothesis
(BORGES & SERRANQO, in print),

It will also be uselul Lo investignte which set of gealogical ages attribuwsd w the Azores
(columns A, B and C, 'Table 1) is the most harmonious with our data concerning the distribution

ol beetle species island by island,

PROPOSALS N°. Tolal of Spp.| Autochth. Spp. [ Tetal End. | Excl. End.
o 3 7
A - FORIAZ (pers. commn.) 0.58:r°=0.34  [0.61:r2=038 (ns) | 0.54:02=0.29 |0.77:62=0.60
(n.5.) {n.s.} (p<l)2.l)25)
3
B - ABDEL-MUNEM et of. (1975)and | 542 39 0.63:r2=0.40 |0.63:c2=0.40k.83:r2=0.70
FERARID et al. {1980) (1.5.) (p<ir.05) (]scl;.US) (p<D.2lJ(15)
€ - QUEIROZ (1990) 0.51:2=0.27 05072029 | 04?2024 [0.76:c2=0.58
{n.s.) (n.s.) (1%, ) (p<0.025)

Table 6.- Correlations oliined between the monber of species and e peolupical apes proposed tor the Azorean
islands, I bobd the corelations statistically sipnilicant,

From "Falde 60ie can b aflivmed that the sel of pealapienl agpes propuosed tor the /\r.nl'culll
islands hy ANDEL IVIONEM er 0l (1925 and DERAUY o . CE20) tealinan 18, Table 'I) is
in the closest aueement with the known distiibution of Azocan beetle species. since the (llll}lllll,‘..d
correlations are statistically sipnilicant toalmost all the ses of specivs vased, Bemarkable, lnu.. is
the fact that the thiee sets of geological apes studied e cqually well conelated with the exelusive
cndemic species of each island, B

(0) -INADEQUATE COLLECTION. 11 we consider the fact that the penera Trechus and
Tarphins  haverespectively 5 and 8 specics cunently known Lo veeur in the Azores, when ten
years ago only one specics af cach was known, the idea is reinforeed that the Azorean beetle

fauna is not so pour as thought by carlier authors.
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Probably a close study of some habitas with an increasing ficld effor
records for this archipelago. Some islands remain badly studicd
of endemic beelle species recorded will continue to increase, along, probably, with the percentage
of endemism (see for instance BORGES & SERRANO, in print).

(1) - PLEISTOCENE GLACIATIONS. An alternative hypothesis to those cited above would
be the disastrous action of the Pleistocenc Glaciations (ISRAELSON, Pers. comm.; EASON
& ASHMOLE, 1992). As the northernmost archipelago of Macaronesia,

L will provide some new
» id because of that the number

the Azores may have
sulfered the disastrous influence of the last Qualernary glaciations (ISRAELSON, 1990), when
the climate of the islands will have been dry and cold. Thus, a great part ol the original Azorcan
fauna may have beeome extinct, only some species surviving - namely, the present-day paleo-
endemisms of LINDROTH (1960). These, species are related 10 no known present-day
continental fcfx(a, and are wingless, A large number ol the
the Azores may have reached the islands alter these
endemisms (Mweak -species”, sensu

other nutochthonous beetle specics in
gluciations, some of them being neo-
ISRAELSON, op. cit.).

During the course of this work we have presented some data on palco-climatology (2.2.1.)
that could support this hypothesis. Nevertheless, it seems that about 18,000 years ago, the Arclic

Polar Front, centred along latitude 42° N, marked the fundamental dividing line for all climatic

regimens, the southern area being one of relative stability (MCINTYRE etal., 1976).

COOPE (1986) also affirmed that the fauna and flora of the Azores (and of the other
southern Macaronesian archipelagoes) have not been subjected Lo the repeated exterminations and
recolonizations that were imposed upon those of more northerly Atlantic islunds (e.g. the
Shetlands, the Facroes, leeland and Greenland) by the caomings and goings of he polar {ront,
Probably unlj the investigation of the Quaternary fossils of the Azores will tell us maore about this
sulyjeet, . L

According o the Equilibrium Theory ol Island Bivgeography by MACARTHUR &
WILSON (1967), the "poverty” of Azorean beetle faung must be rel
of the islands, their ecological diversity and their degrec of isol

ated to the respecetive arcas
ation. In this archipelago, however
it is possible that many habitats (biotopus) are still [ree {or not studied by the entomologists), and
that peological age (tather than area or geographical isolation) could be (he best biogeagraphical
factor to explain the diversity and distribution of beetle species throughout the nine Azorean
islands. '

LINDROTH (1960), using indices of the "catchin

g oarea” and ol the "catching angle” from
Madeira and® the Azores, tricd o explain

At species level, the dilferences between these two
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archipelagoes, reaching the conclusion that if their fauna were the resull only of a colonizalio'n by
long distance dispersal through the air, it might be expected that Madeira would have ‘four times
more species than the Azores. On the other hand, we should not exclude the hypothesTS of some
autachthonous beetle "specialists” have been exierminated because they were more sensitive to l{u:
disturbance of their habitat by man (or possibly by volcanic activity). BORGES & DIAS (in
prep.) confirm the lack of specialized pollinators in the Azores, appearing only "generalist"
species in the Climax pattern of autochthonous forest. In this case we could not thld human
action responsible, because the study was performed in an undisturbed area of high altitude.

We may conclude that the poverty of the Azorean Coleoptera is somewhal illusory, because
the dillerences in diversity between the Azores and other Macaronesian archipelagoes may be
explained, in a probable order of importance by: isolation, geological youth, lack of
strong diversily in several ecological parameters and an unsuitable humid cllmate,
‘The disastrous action of the Pleistocene placiations, in spite of being diflicull to prove, could
provide an allernative or complementary explanation to the others (sce for instance EASON &
ASHMOLE, 1992).
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1. SUMARIO

O arquipélapo dos Agores estd situado no meio do occano Atldntico (dista cerea de 1600 k"j
de Lishoa ¢ 1900 ki da Terra Nova), e desde iueerea de 8 milhtes de anos rfue esti disponivel &
colonizagiio (eoestie. Apds 140 anos de estuda, a launa de Coledpleros de algumas das ilhas ¢
ainda muito mal conhecida, estando inventauiadas para o arquipdlago 51 Gamilias, 305 péneros, e
524 espéeies, dus quais 61 s3o endémicas (11.6%). Com o objectivo de investigar (uais os
melthores factoies predictivos do ndmero de espiécies de cada ilha, omos estudar 2 correlagio
entre a distribuigio conbecida dos Coledpleros por ilha (espécies otais, o pécies autdclones,

espéeics enddéimicas olais ¢ espécies endémicas exclusivas), com airen, distancia 1o continente,
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altitude médxima e idade geol6gica das ilhas, A andlise das correlagbes idade-diversidade obtidas

para os Coledpteros dos Agores, niio parece deixar diividas sobre a importincia da idade
geol6gica na diversificagfio da fauna destas ilhas, sendo notdvel a correlaglio obtida entre o
nimero de espécies endémicas exclusivas de cada ilha e a idade geolépica (r= 0.83:
p<0,005). Ndo existe correlagio faunfstica com a altitude neste arquipélago (r=0.32, p=>0,2;
para as espécies endémicas totais). H{ uma certa correlagio diversidade-superficie das ilhas (e.g
r=0.64, p<0,05; para as espécics aut6elones); no entanto, ela vai diminuindo medida que se
restringe o leque de espécies utilizado (b4 igualmente um decréscimo do coefi
). Estes dados fazem-nos pensur que us correlagtes obtidng parn ag esp
autéelones estario [alscadas pelo faclod
possuindo mais espéeics cit

cienle de conelagiio,
deies totnis ¢ purn ng
as ilhas maiores lerem sido ns melhor cstudadas, logo
adas. Quanto A relugiio diversidade-distincia no continente mais
priximo, apenas se encontrou uma correlagfio estatisticamente

significativa entre n distneia ay
continenle ¢

o nimero de espéeics endémicas exclusivas (1=0.66; P<0.05), Apesar disso, n
poss{vel alirmar que a correlagio obtida tem significado biolGgico, ji que,

mais perto do continente sfo simullineamente as mais bem estudadas (e.g., S
Terceira) As ilhas Flores ¢ S. Maria sio ilha§ geologicamente antipas scud

¢
as ilhas localizadas
Maria, S. Miguel e
o simultineamente
das mais pequenas do arquipélago. Apesar da sua drea possuem, no enlanto, a maior quantidade
de endemi§mos totais e exclusivos. & de realgar ainda a presenga de us paleo-
dromus derelictus, Atheta aptera e Acalles

endemismos com distribuigio restrita is Flores (Ocy
droueti ) e oulros trés conhecidos unicamente de S. Maria (Leptophloeus azoricus,

Neocnemis
occidentalis e Hypera mmltifida ). Assim fica confirmada u influéneia da idade geologica na
distribuighio dos Coledpteros dos Agures. Do ponto de vist

Lzougeoptilico a coleopleroluuna
ugorcana ¢

.constituida principalmente por espéeies de vasta distribuigiio (co

stopolitas,
holdreticus, paledreticas) ¢

parcee gue grande parte dos imigrantes inicinis wriio tido uma urigem
Paledretico-Ocidental. No entanto, s¢ tivermos em contn npenns ay espiéeic

cncontramos unma componente Mediten inicn-M
percentagem de endemismos de 29%. Lssa componente Mediterrfinica associada i pereentagem
de espécies Macaronésicas perlaz cerca de 31.4% das espéeics autdetones. Por outro lado, hid
uma relagio taxondmica préxima de muitos neo-endemismos dos Agores com espécies da
Madeira e Candrias. Estes dois factos dio sentido a uma colonizagiio proveniente de um
"Rosdrio de ilhas" Macaronésico (stepping istoues theory). As espécics nativas constituem
28.5% da launa, 11.6% sio endémicas pird uma ou mais ilhas,

S nutactones,
acurondsic muitw interessante, com una

¢ 59.9% [oram introduzidas
pelo Homgm. Das 210 espéceics autdctones (i.e., espécies nativas e endémicas) estimou-se

que foram 1izccsszirius 194 colonizagtes ancestrais com sucesso. Por outro ladu, 45 colonizagoes
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ancestiais com sucesso lerfio sido necessdrias para originar as 61 espéeies endémicas do
arquipélago. Durante 8 milhaes de anos terd havido uma taxa de uma colonizagio com sucesso
por cada 41 237 anos, ¢ ter-se-3o formado Ld espéeics novas por colonizagiio ancestral. Poucas
[amflias (4) possuem géneros endémicos (0), que devem represenlar colm:i?.ag‘ﬁcs ant‘tgus. A
dispersiio transocednica peloe ar e a acgiio do Flomem teriio sido os a_l_:cntus. que Il]';llS.L‘(-llllllbllfl'uIll
prara a actual launa de Coledpteros dos Agures. Neste arquipélago, espéeies especialistas u‘mlno
os herbfvoros ¢ Tungivoros tepresentam  apenas 30% dos endemismos ¢ 28% das cspucllus
nativas, o que estard relacionado com uma baixa diversidade ceoldgica que incluiluma baixa
diversidade da vepetngiio. Oconem enxanes de espéeies em 18s péneros de espéeies ﬁplcr.nﬂ.
Trechus ¢ Calathus (Carabidac) ¢ Tarphiny (Colydiidac). O [endmeno de radiagio adaptativa
parece vconter apenas no pénero Tarpling. O pénero Calathus possui quatro espéeies l.mﬁ
Agores, disuibufdas por gquatro ilhas, constitufndo assim, um dos poncos 1‘.KL:III|1|-UH conhecido
neste aquipélago de espeeiagito por isolanente, O aspecto IIIEIi.‘illllll‘.lti.‘i.'l:l.lll‘l.‘.‘lL‘.l.’lCl(-III.ild(:l cc:u HY
evolugio dus Trechus dos Agores ¢ a distribuigiio simpitrica das duas L‘,S'i)(‘:l:l(.:‘S d';i ilha do Pico,
T. picoensis ¢ T. montanheirorum. Estas duas espécies deveriio ser cspccxcs-lrmzzs.sendu taxa
monofiléticos, wendo-se dudo duas invasdes separadas (alocrdnicas) da espéeie ancestral,
ocorrendo assim uma especiagiio alopdtrica cldssica e subsequente simpatria. Quanto 'ao
género Tarphius, das oilo espécics conhiecidas, quatro siio endémicas de uma ilha (S. Maria)
acorrendo todas numa pequena montanha. Sdo sugeridas alguinas possiveis explicagdes para tal
distribuigiio, nio sendo de desprezar 1'(:;161:101105 de radiagiio adaptativa c llil{:‘idugﬁo. T(jnl'tl-sc
igualmente estabelecer, uma tentativa de relagiio enure a distribuigiio dos Coledpteros cndumlcosl
¢ us prandes unidades de vepetagiio dos Agores. Finalmente, analisa-se detalhadamente :l.s‘. Uflu.‘;ilh
normahnente apontadas para a pobreza da Tnuna dos Agores: clima deslavordvel, llcllVIdililL‘-
vulciinien, ﬁcq:"u: huwmung, isolamento peogrdlico, idade peolagicn  recente, exploragiio
ingulicienle ¢ placigiics Pleistoecnicns, Compara-se o diversidade espeeificn ¢ n purcunlu{;cm de
endemismos dos Agures comn ag mquipélagos da Madeira, Candrias ¢ Cabo Vede, cu.nuiumdu-sc
que essa pobieza ¢rclativa, Os Tactores que parccem melhor explicar as fhsmrmlm'|dadusﬂcnl'rc
essa launa ¢ a dos arquipélagos Macarondsicos  vizinhos, sio por ordem de |||1pu|Lum'::u:
isolamento, idade geoldgica recente, baixa diversidade de alguns parimetros ecolégicos, clima
muito himido. A acgiio nelasta das glaciagdes Pleistocénicas, embora dificil de provar, € uma

alternativa atracnie ¢ complementar das apresentadas.
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