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ABSTRACT. Using three types of killing-preserving agents (formalin solution, vinegar solution and
Turquin’s liquid), soil surface arthropods, caught by pitfall traps, were studied in an area of pine
woodland in the eastern, geologically oldest, part of Terceira island (Azares), between November 1989
and November 1990. There are great differences in the distribution of the raxa in the three solutions.
Some evidence was found which supports that formalin may act as an attractant. However, the main
difference was between the formalin, considered as a more neutral preservative, and the other two
solutions acting as true baits (both attract and preserve arthropods). Turquin’s liquid (a mixture of beer
and preservatives) can currently be used to catch a large set of arthropods, being the best attractant.
Finally, the results show that none of the three solutions influenced the sampling of the seasonal
diversity of arthropods in the studied habitat, being ecologically neutral.

RESUMO. Neste trabalho estudam-se amostras de artrépodes epigeos do solo, capturados usando trés
tipos de fixadores-engodos (solug@o de formalina, solugdio de vinagre, e liquido de Turquin) em
armadilhas de Barber (Pitfall). O estudo realizou-se na parte oriental, geologicamente mais antiga, da ilha
Terceira (Agores), entre Novembro de 1989 e Novembro de 1990. Foram encontradas grandes diferengas
na distribuicfo relativa dos raxa pelos trés tipos de fixadores-engodos. Foram igualr-nente observadas
evidéncias que comprovam o efeito atractivo da formalina. No entanto, a principal diferenca ocorre entre
a formalina, considerado como mais neutral, logo menos atractivo, ¢ as outras duas solugées, que
actuam como verdadeiros engodos (atraindo e conservando 0s artropodes). Por outro lado o liquido de
Turquin (uma mistura de cerveja e fixadores), possui um largo espectro de acgdo atraindo grande variedade
de artrépodes, sendo assim o melhor engodo. Finalmente, os resultados mostram que os trés fixadores-

engodos ndo influenciaram a amostragem da variagfio sazonal da diversidade de artrépodes do habitat

estudado, demonstrando ser neutrais em termos ecoldgicos.
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INTRODUCTION

In a long ecological study, on natural insect communities, it is essential to use a
sample methodology that enable us to joint a high level of accuracy with low operation
costs. Pitfall traps (BARBER, 1931), are the most common and convenient instrument to
collect soil surface invertebrates (GREENSLADE, 1964: BORROR et al., 1976;
THIELE, 1977, SOUTHWOOD, 1978; ADIS, 1979; SCHELLER, 1984; BENEST,
1989a and 1989b).

The use of the pitfall trapping in annual cycles of activity studies ( HAGVAR er al.,
1987; KEER & MAELFAIT, 1987: NIEMELA ez al., 1989) and in biodiversity studies
(OBRTEL, 1971; ASHMOLE & ASHMOLE, 1987; HAGVAR et al., op. cit.; MOLINE
et al.., 1988) has been accepted as of great relevance. Furthermore, with this method it is
possible to collect a great variety of arthropods that rarely are collected by other means
(ASHMOLE & ASHMOLE, op. cit. FRANKLIN, 1988; BORGES, 1990, 1991a and
in prep.).

Many factors may influence the sampling effectiveness of the pitfall traps, causing
some bias in the sample results (thorough revision in ADIS, 1979). For instance several
studies show that the pitfall samples are more influenced by the intensity of activity of the
populations than by their density (FICHTER, 1941; GREENSLADE, 1964: THIELE,
1977, SOUTHWOOD, 1978; CRAWFORD & EDWARDS, 1989). Nevertheless, the
sampling by pitfall traps is sensitive enou gh to show up real differences of ecological
significance (WILLIAMS, 1958; SOUTHWOOD, op. cit.).

Moreover, the utilization of killing-preserving agents, may also cause some
distortion on the interpretation of the pitfall results (LUFF, 1968; ADIS, 1979).

Therefore, to achieve a better Inventory of the community species, various killing-

-preserving agents shoud be used (ADIS, op. cit.).

In the work reported on this paper, three types of killing-preservin g agents (formalin
solution, vinegar solution and Turquin’s liquid) were used. The goal of the present paper
is to study the relative efficiency of these three liquids, and to estimate which of them
best describes the diversity of an epigean arthropod community, in a Azorean Pine
woodland. Other purpose, was to investigate if any of the three killin g-preserving agents
caused distortion on the interpretation of the seasonal variation of the soil epigean

arthropod diversity.




MATERIAL AND METHODS

A - STUDY AREA
The experimental work was performed in Fontinhas, in the geologically oldest part of Terceira

island (Azores, Portugal), with U.T.M. 4892 / 4287,8. The field site was an old and small population
of Pinus pinaster with approximately 800 m” of area. This small Pine woodland is an "island"

surrounded by pasture and abandoned fields of Ulex europaea. The altitude is about 300 m.

B - SAMPLING METHODS
A set of nine pitfall traps sampled the area continuously, during one year (from 10th November

1989 to 9th November 1990), except between the 9th of December 1989 and the 11th of January 1990 as
well as the 18th August and 29th of September 1990, The pitfall traps used had a radius of 22mm and a
depth of 80mm. They were dug into the ground, lined up at approximately 5 meter distance from each
other, and were emptied fortnightly. All arthropod specimens were identified to the Order (see Table I in
appendix). More details on the sampling method used are given on BORGES (1991b and in prep.). The
killing-preserving agents used were: a 5% FORMALIN solution with 1 m] of detergent added in one
liter; TURQUIN'liquid - an ASHMOLE & ASHMOLE (1987) modified formula of the original one
(TURQUIN, 1973) [10 g chloral hydrate, 5 m| fornﬂalin, 5 ml glacial acetic acid, 1 ml detergent and dark
beer to 1 litre]; VINEGAR solution (modified from IACOVONE, 1985) [50% of commercial vinegar and

50%-of water, and 10 mI of formalin and 1 m! of detergent for each litre of solution],

C - DATA ANALYSIS

Two multivariate techniques were applied to analyse: a) differences in laxa composition in the three
kilIing—preserving agent samples (correspondence analysis - CA); b) the answers of the ki!]ing—preserving
agents working like ecological parameters (canonical correspondence analysis - CCA). We used the
computer program CANQOCO, an advanced version of the frequently used program DECORANA (HILL,
1979). These techniques were mosuy developed for vegetational data, but are being used also to analyse

animal data (vide references in ALDERWEIRELDT, 1989; BAUER, 1989: and also BERBIERS et al.,
1989),

RESULTS AND DISCUSSION

A - ANALYSIS OF THE EFFICIENCY OF FORMALIN, VINEGAR AND TURQUIN

Nine pitfall traps with the three killing-preserving agents (formalin solution, vinegar
solution and Turquin‘s liquid), caught a total of 1 1,805 specimen of arthropods (Table
I), in a Pine woodland area in Fontinhas (Terceira, Azores), during 12 months.
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Turquin’s liquid captured more than 50% of the total, being also the killing-preserving

agent that atracted more taxa (see Table D).

Figure 1 shows the ordination of the 14 raxa in the two first axes, obtained by
Correspondence Analysis (CA). CA resulted in the distinction of 4 ordination axes of
which the first two explain almost all the observed variation (52% and 20%,
respectively). The ordination of the 14 raxa (Fig. 1) results in two evident groups: one
formed by the Pseudoscorpiones and by the Orders of the Insects (Collembola,
Heteroptera, Homoptera, Diptera, Lepidoptera, Hymenoptera and Coleoptera); and a

second group with taxa other than Insecta.
' Also noticeable is a clear detachment in the axis I between the Chilopoda, Crustacea

(Isopoda and Amphipoda) and the remaining taxa, Axis II separates the Insecta from the
Diplopoda and Arachnida (Araneae and Opiliones). This means that there is a clear

difference in the raxa composition among the three types of samples.
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Figure 1.- Correspondence analysis (CA) on the proportional captures of arthropods (excl, Acari ) with
Pitfall, using three types of killing-preserving agents (formalin solution, vinegar solution and Turquin‘s
liquid) (see Table I). Abbreviations: PSEU= Pseudoscorpiones; ARAN= Araneae; OPIL= Opiliones;
ISOP= Isopoda; AMPH= Amphipoda; DIPL= Diplopoda; CHIL= Chilopoda; COLL= Collembola;
HETE= Heteroptera; HOMO= Homoptera; DIPT= Diptera; LEPI= Lepidoptera; HYME= Hymenoptera;

COLE= Coleoptera.

Using the same method, Fig. 2 shows the ordination of the samples in the first two
axes. The ordination resulted in a clear separation of three groups: one only with vinegar
samples; a second one with almost only formalin samples and a third one with a majority

of Turquin’s samples.
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Figure 2.- Correspondence analysis (CA) on the samples obtained dufirig one year with the following
methods: F= pitfall with a 5% formalin solution; T= pitfall with Turquin’s liquid; V= pitfall with a
50% vinegar solution. The numbers are the same of Table 1. ’

The first axis detaches the samples of Turquin and formalin from those of vinegar,
and the second axis separates, although less clearly, the samples of formalin from those
of Turquin and vinegar. There is a tendency in the axis I for a separation of the samples
by the number of taxa collected, occurin g a variation among the 9 raxa sampled in the
T5 and T1 and the only 5-6 taxa collected in. V12 and V5 (Vide Table I). The ordination
in the axis II probably signifies differences in the relative porportion of sampling of each
taxa by each of the three killin g-preserving agents.

If we analyse simultaneously the two CA ordination figures (Figs.1 and 2) we may
conclude that: a) all the Orders of the Insecta seem to be attracted, preferly by the Turquin
and in a less scale by the vinegar and the formalin; b) the Turquin and the formalin could
be the best baits for the Opiliones and Araneae; c) the Diplopoda, Amphipoda, Isopoda
and Chilopoda seem to be adequately sampled by the three killing-preserving agents,

B - ARE FORMALIN, TURQUIN AND VINEGAR ECOLOGICALLY NEUTRAL?
The second goal of the present work was to investigate if the three killing-preserving

agents used worked as ecologically neutral samplers. So a Canonical Correspondece
Analysis (CCA), was computed (Figs. 3 and 4), using the data of Table [. The ecological
parameters (ecological vectors) used were the three killing-preserving agents. So we

created a matrix of presence / absence for every sample.
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Figure 3.- Canonical correspondence analysis (CCA) on the proportional captures of arthropods (excl.
Acart ) with Pitfall, using as ecological vectors the three types of killin
solution, vinegar solution and Turquin’s liquid) (see text for further
PSEU= Pseudoscorpiones; ARAN= Araneae; OPIL= Opiliones; ISOP=
DIPL= Diplopoda; CHIL= Chilopoda; COLL= Collembola; HETE=

DIPT= Diptera; LEPI= Lepidoptera; HY ME= Hymenoptera; COLE= Coleoptera.
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Figure 4.- Canonical correspondence analysis (CCA) using as ecological vectors the three types of
rmalin solution, vinegar solution and Turquin‘s liquid) (see text for further
pitfall with a 5%

vinegar solution. The numbers

killing-preserving agents (fo

explanations), on the samples obtained during one year with the following methods: F=
formalin solution; T= pitfall with Turquin’s liquid; V= pitfall with a 50%

are the same of Table I.




As can be seen in the Figs. 3 and 4, the CCA first two axes explain little of the
observed variation (12,5% and 0,05%, respectively). Thus, the three killing-preserving
agents (formalin solution, vinegar solution and Turquin’s liquid) didn’t work as
ecological parameters.

Moreover, from the analysis of Fig. 3 we may conclude that the obervations made
above about the ordination obtained in Fig. 1 for the Isopoda, the Chilopoda, the
Amphipoda and the Diplopoda are now strengthed. In fact, these faxa are ordinated in an
area not influenced by the "ecological vectors" (the killing-preserving agents) (Fig. 3),
once they are equally sampled by them.

The Hymenoptera and Araneae are more atracted by the vinegar and lesser by the
Turquin, but the latter caught more Lepidoptera, Pseudoscorpiones and Coleoptera (see

also Table I).
From Table I, we would expect that the Diptera would be associated with the vector

vinegar and the Collembola with the vector Turquin, which was not shown by the CCA
ordination. In fact their position in the CCA ordination (Fig. 3) contradicts the data, so,
other parameters not tested, appart from the killing-preserving agents, should have

influenced the sampling,
The results of the CCA ordination (Fig. 4) also confirmed that the three killing-

-preserving agents didn t influence the sampling, because their vectors dont explain the

obtained ordination,

CONCLUSIONS

We found great differences in the distribution of the arthropods by the three killing-
-preserving agents used: formalin solution, vinegar solution and Turquin’s liquid.

Although it was confirmed that formalin can act as an attractant (LUFF, 1968), the
main difference observed was between that agent, a more neutral preservative, and the
other two killing-preserving agents, acting as true baits (they both attract and preserve
arthropods). Moreover, Turquin’s liquid (a mixture of beer and preservatives) can be

currently used to catch a large set of arthropods, being the best attractant.
The results also show that the three solutions had no influence on the samplin g of

the seasonal diversity of arthropods in the studied habitat, being in consequence
ecologically neutral. The samples obtained during one year in the studied area were
influenced by ecological parameters other than the used killing-preserving agents.




Nevertheless, we should be careful towards the bias that may be caused by factors
influencing the sampling effectiveness of the pitfall traps (see revision in ADIS, 1979).

The simultaneous utilization of these three killing-preserving agents is recommended
for ecological studies in the Azores, because a more diversified number of soil epigean
arthropods will be sampled.

In other ecological studies, when the aim is only to study a particular raxa (at the
Order level) the following killing-preserving agents are generally recommended:
Pseudoscorpiones= T; Araneae= V or T; Opiliones=V or T; Isopoda=F, V or T:
Amphipoda=F, V or T; Diplopoda=F, V or T: Chilopoda=F, V or T: Collembola= T;
Heteroptera= T; Homoptera=T; Diptera= V; Lepidoptera=T; Hymenoptera=V or T;
Coleoptera=T.

In conclusion, all the three killin g-preserving agents used in the present study in the
pitfall traps, appear to produce good and accurate results when analyzing the seasonal
composition and diversity of the soil surface-active arthropod community.
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