
Adaptation of an Amazonian Pseudoscorpion (Arachnida) from Dryland Forests to 
Inundation Forests  

Author(s): Joachim Adis, Volker Mahnert, José W. de Morais and José M. Gomes 
Rodrigues  

Source: Ecology , Feb., 1988, Vol. 69, No. 1 (Feb., 1988), pp. 287-291 

Published by: Wiley on behalf of the Ecological Society of America 

Stable URL: http://www.jstor.com/stable/1943185

 
REFERENCES 
Linked references are available on JSTOR for this article: 
http://www.jstor.com/stable/1943185?seq=1&cid=pdf-
reference#references_tab_contents 
You may need to log in to JSTOR to access the linked references.

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide 
range of content in a trusted digital archive. We use information technology and tools to increase productivity and 
facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. 
 
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at 
https://about.jstor.org/terms

Wiley  and Ecological Society of America  are collaborating with JSTOR to digitize, preserve and 
extend access to Ecology

This content downloaded from 
������������191.189.10.117 on Mon, 29 Jun 2020 21:17:57 UTC������������� 

All use subject to https://about.jstor.org/terms

http://www.jstor.com/stable/1943185
http://www.jstor.com/stable/1943185?seq=1&cid=pdf-reference#references_tab_contents
http://www.jstor.com/stable/1943185?seq=1&cid=pdf-reference#references_tab_contents


 February 1988 NOTEST N C ENTS 287

 Ecology, 69(1), 1988, pp. 287-291
 (? 1988 by the Ecological Society of America

 ADAPTATION OF AN AMA ZONIAN

 PSEUDOSCORPION (ARACHNIDA)

 FROM DR YLAND FORESTS TO

 INUNDA TION FORESTS'

 Joachim Adis,2 Volker Mahnert,3 Jose W. de Morais,4

 and Jose M. Gomes Rodrigues4

 Inundation forests in the Rio Negro valley are flood-

 ed annually for 5-6 mo to a depth of several metres

 (Adis 1984). The area was originally dryland forest

 until the first flooding occurred several million years

 ago (Adis and Schubart 1984). Arthropods of these
 inundation forests are believed to originate either from

 the former dryland forest and from dryland forests
 presently extending behind the inundation forests, with

 examples reported for Pseudoscorpiones and Ar-

 chaeognatha (Adis and Mahnert 1985, Adis and Sturm
 1987), or from nonforested wetlands located between

 rivers and the inundation forests, with examples given

 for Carabidae (Erwin and Adis 1982). In addition, some

 populations may have undergone extensive evolution
 within inundation forests, due to forest isolation caused

 by climatic shifts and microgeographic changes, as in-
 dicated for Pseudoscorpiones, Symphyla, and Opi-

 hones (Adis and Schubart 1984). In all cases, arthro-

 pods that now inhabit inundation forests had to evolve

 strategies to compensate for the periodic loss of their
 terrestrial habitat. Means of achieving this include: (1)

 staying near the waterline and moving in advance of
 the ascending flood (Irmler 1979), (2) moving to non-
 flooded trunk and canopy areas in the inundation forest

 (Adis 1981, 1982, Friebe and Adis 1983, Adis and

 Scheller 1984, Adis and Mahnert 1985), (3) flying to
 adjacent dryland biotopes during inundation (Adis et
 al. 1986), (4) evolving adaptations for remaining in
 flooded terrestrial areas (Beck 1969, 1976, Irmler and

 Furch 1979, Scheller and Adis 1984, Smith and Adis
 1984, Adis 1986, Adis and Arnett 1987), and (5) com-

 bining one or more of these features (Adis and Sturm

 1987). The pseudoscorpion Brazilatemnus browni
 Muchmore (Miratemnidae) is a common nocturnal

 species inhabiting dryland forests throughout the Am-
 azon region, seasonally inundated forests of the Rio
 Negro valley, and swamp forests with permanently wa-

 terlogged ground near Belem (Mahnert and Adis 1985).
 Due to its characteristic occurrence in nonflooded areas,

 the species is believed to originate from Amazonian
 dryland forests (Mahnert 1979, 1985). Behavioral and

 life history adaptations that enabled B. browni to in-

 habit inundation forests are presented in this paper.

 Study Area and Methods

 Pseudoscorpions were collected between 1976 and

 1983 in the course of ecological studies on Central
 Amazonian arthropods from three previously inves-

 tigated and fully described forest types, all within 30
 km of Manaus: (1) in a primary dryland forest at Re-

 serva Florestal A. Ducke (2055' S, 59059' W) on the
 Manaus-Itacoatiara highway (AM-010 at km 26; see

 Penny and Arias 1982), (2) in a blackwater inundation

 forest at Rio Tarumd Mirim (03002' S, 60017' W), a

 tributary of the Rio Negro (see Adis 1984), and (3) in

 a cut but unburned secondary dryland forest adjacent

 to the inundation forest (see Adis and Schubart 1984).

 All forests are subject to a rainy season (December-

 May: average precipitation 1550 mm) and a dry season

 (June-November: average precipitation 550 mm; cf.
 Ribeiro and Adis 1984).

 Inundation forest. The soil of the inundation for-
 est consists of clay, silt, and sand material and has an

 organic layer of 5-10 cm thickness. Its fine humus is
 penetrated by a matting of roots and supports up to 3
 cm of leaf litter. The study site is covered annually by

 up to 3.35 m of floodwater between March/April and
 August/September. B. browni was collected between

 January 1976 and May 1977 (Adis and Mahnert 1985).
 On the forest floor two pitfall traps and 1-5 ground

 photo-eclectors (=emergence traps) provided data on

 activity densities during the noninundation period.
 Trunk ascents and descents of pseudoscorpions were
 detected with arboreal photo-eclectors (=funnel traps)

 on three trunks each throughout the collecting period.
 The material in traps was collected in 1-2 wk intervals.
 All capture devices are fully described in Adis (1981)
 and Funke (1971), who also explain their mode of uti-

 lization and function. Distribution of pseudoscorpions
 in the soil was studied between September 1981 and

 February 1982 (noninundation period; Adis and Mah-
 nert 1985). Once a month six soil samples were taken

 at random along a transect with a split corer (=steel

 cylinder with lateral hinges; diameter 21 cm, length 33
 cm), which was driven into the soil by a mallet. Each
 sample of 7 cm depth was then divided into two sub-
 samples of 3.5 cm each. Animals were extracted from
 subsamples following a modified method of Kempson
 (Adis 1987).

 Drylandforest. The yellow latosoil of the primary
 and secondary dryland forest supports a 2-3 cm thick
 humus layer, interspersed with fine roots, and a thin,
 surface-covering leaf litter. One ground photo-eclector
 and one arboreal photo-eclector for trunk ascents were

 set up in both forests from December 198 1 to Decem-

 ber 1982 (cf. Adis and Schubart 1984). Distribution of
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 per month from each forest type as described for the
 Inundation Forest, and the animals were extracted.

 In addition, the presence of pseudoscorpions in tree
 crowns of the inundation and primary dryland forest
 was tested by fogging canopies with pyrethrum in the
 early dry season (July 1977, 1979) when the inundation
 forest was completely flooded (Erwin 1983, Adis et al.
 1984). Bromeliads, 5-25 m above ground, were also .................................................... . ........................... . ............... .............. ........ . ..............

 XXXXX .. ...

 sampled for the presence of pseudoscorpions in the

 inundation forest in August 1979 (forest not flooded)

 and June 1981 (forest flooded; Adis and Mahnert 1985).

 Pseudoscorpions collected during all studies were

 identified to species and classified as juveniles (pro-

 tonymphs, deutonymphs, tritonymphs) or adults

 (males and females). A comparison of the ecology of

 B. browni from inundation and dryland forests is now

 possible, as the taxonomical evaluation has been com-

 pleted (Mahnert 1979, 1985).

 Results

 Drylandforest. In the primary and secondary dry-

 land forest under study, B. browni was only found in

 the soil and never caught on tree trunks or in the can-

 opy. No specimens were caught in ground photo-ec-

 lectors, indicating that the species was not active on

 the soil surface. This conclusion is supported by another

 study in which only one specimen was collected from
 20 baited pitfall traps (J. R. Arias and N. D. Penny,

 personal communication). Most specimens inhabited

 the organic layer (Fig. 1: 0-3.5 cm), and a few (10-
 15%) the mineral subsoil. An average of 292 individ-

 uals/m2 were recorded in the secondary forest (0-7 cm

 depth), 85% being juveniles, while an average of only
 108 specimens/M2 were obtained from the primary

 forest (80% juveniles). About half of the juveniles were

 protonymphs, i.e., the first larval instar (Fig. 1). There

 was no distinct reproductive period and protonymphs

 as well as adults (both sexes) were found throughout

 the year (Fig. 2). Sex ratio (adult males to females) was
 1:1.3 in the primary forest and 1:1 in the secondary

 dryland forest.

 Inundation forest. In the inundation forest, B.

 browni was collected in high numbers on tree trunks

 and in the forest soil. Seventy-five percent of all spec-
 imens extracted from soil samples during the non-in-

 undation period (September-February) inhabited the
 lower organic layer (Fig. 1: 3.5-7 cm). With 156 in-

 dividuals/m2, the average abundance of B. browni was
 44% higher here than in the primary dryland forest.

 Over 95% of the total catch was represented by juve-

 niles (Fig. 1), with tritonymphs being dominant (44%).

 Ninety percent of all specimens were obtained during

 the rainy season prior to inundation (December-Feb-

 ruary). There was a distinct reproductive period on the

 forest floor. Within the first 2 mo of the non-inundation

 period (September/October) only adult animals oc-
 curred in the soil. The first larval instar (protonymphs)

 appeared in November (Fig. 2). The last larval stage

 (tritonymphs) was attained in January. A short time

 before the forest was flooded these tritonymphs came

 to the soil surface, together with some remaining deu-

 tonymphs and adults, and began to ascend tree trunks

 (see Adis and Mahnert 1985: Fig. 9). Only at this time
 ..............................................................................
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 FIG. 2. Temporal occurrence of developmental stages of Brazilatemnus browni in the soil (N/M2 in 0-7 cm depth) in three
 forest types near Manaus. Monthly samples taken between September 1982 and August 1983 in the dryland forests and from
 September 1981 to February 1982 (the non-inundation period) in the blackwater inundation forest.

 was B. brown detected in ground photo-eclectors, but

 never in pitfall traps (Adis 1981). In 1976, the highest

 capture rates in arboreal photo-eclectors were recorded

 1 wk before inundation. The high wetness and relative

 humidity on the forest floor, caused by rising waters,

 apparently forced all developmental stages into the

 trunk area (positive correlation of trunk catches with

 soil humidity P < .01 and atmospheric relative hu-

 midity P < .05; see Adis 1981: Fig. 14). The number

 of adults was low and the parent generation had prob-

 ably died by the beginning of the inundation period.

 Some animals must have moved up the trunk with

 rising waterlevel, as specimens were caught until June,

 when flooding had reached its maximum. We presume

 that tritonymphs moulted in the trunk area where the

 main reproductive period occurred in April/May. Tri-

 tonymphs of the new generation were captured during

 ,,,, , , , . .......... . ............ ........ .... . . . .....

 trunk descents, together with some remaining proto-

 and deutonymphs, from early July onwards, i.e., 6 wk

 before the start of the non-inundation period (see Adis

 and Mahnert 1985: Fig. 9). Heavy leaf-fall combined

 with strong insolation in July/August (Adis et al. 1979)

 may have initiated this early trunk migration. B. browni

 was not found in epiphytes. Tritonymphs were ob-

 tained in low numbers with canopy fogging during for-

 est inundation in July. After recolonizing the forest

 floor, tritonymphs moulted and reproduced. Brood and

 moulting chambers (Wood and Gabbutt 1 979a, b) were

 not observed.

 Discussion

 In the inundation forest B. browni is considered bi-

 voltine with a major reproductive period in the trunk/

 (canopy) region in April/May during forest inundation
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 (April-August) and a second, minor one, on the forest

 floor in November/December during the non-inun-

 dation period. About three times as many animals,

 predominantly tritonymphs, were caught during trunk

 descents as compared to trunk ascents (cf. Adis 1981).

 We presume that the protonymph instar of Amazonian

 pseudoscorpions only lasts a short time, as is true for

 European species (Gabbutt 1970). The record of pro-

 tonymphs in soil and trunk samples in different months

 therefore indicates the existence of two generations per

 year, but in different habitats. The presence of solely

 protonymphs and deutonymphs in the soil in Novem-

 ber/December (Fig. 2) excludes the possibility that the

 tritonymphs which had descended tree trunks between

 July and September 1976 returned to the trunk in March

 1977. This means that B. browni is not univoltine. B.

 browni is separated from other species of Pseudoscor-

 piones in the biotope by spatial, temporal, and onto-

 genetic differences (cf. Wood and Gabbutt 1978, Adis

 and Mahnert 1985). Originating from (adjacent) dry-

 land forest soils, this species seems to have colonized

 and adapted to the seasonal inundation forest second-

 arily. Protonymph to tritonymph development lasted

 a maximum of 3 mo and was so synchronized with

 waterlevel fluctuations that migrating tritonymph stages

 were attained near the beginning and the end of the

 inundation period. The actual habitat was shifted from

 the forest floor to the trunk/(canopy) region, where

 main reproduction takes place. Two reproductive pe-

 riods per year, each in a different habitat, enable this

 species to persist in a harsh environment. There was

 no difference in size between terricolous and arbo-

 ricolous tritonymphs in the inundation forest, which

 would indicate a morphological adapation, i.e., an ad-

 vantage for foraging in one of the two microhabitats.

 It has yet to be investigated if the population of B.

 browni in dryland forests represents a different stock

 (biotope-specific races) when compared to the inun-

 dation forest, as found in electrophoresis studies for

 Archaeognatha (Adis and Sturm 1987). This would

 explain why populations of the inundation and sec-

 ondary dryland forest are clearly separated with respect

 to microhabitat, behavior and life history, although
 study sites were only 100 m distant from each other.

 Further studies should focus on interbreeding experi-

 ments in the laboratory and on the reaction of B. browni

 to artificial flooding of the primary and secondary dry-
 land forest. Our results from the secondary forest did

 show that vertical migration of B. browni is not caused

 by human disturbance, i.e., previous deforestation.

 Acknowledgments: Special thanks are due to Irmgard
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 our technical staff, especially Vera Bogen and Edilson
 de Arafijo Silva, for the enormous effort in the field
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