
  British Ecological Society is collaborating with JSTOR to digitize, preserve and extend access to Journal of Animal Ecology.

http://www.jstor.org

Litter Arthropod Populations in a Tropical Deciduous Forest: Relationships between Years and 
Arthropod Groups 
Author(s): S. C. Levings and D. M. Windsor 
Source:   Journal of Animal Ecology, Vol. 54, No. 1 (Feb., 1985), pp. 61-69
Published by:  British Ecological Society
Stable URL:  http://www.jstor.org/stable/4620
Accessed: 14-05-2015 19:52 UTC

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at http://www.jstor.org/page/
 info/about/policies/terms.jsp

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.

This content downloaded from 129.15.39.45 on Thu, 14 May 2015 19:52:39 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org
http://www.jstor.org/action/showPublisher?publisherCode=briteco
http://www.jstor.org/stable/4620
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp


Journal ofA nimal Ecology (1985), 54, 61-69 

LITTER ARTHROPOD POPULATIONS IN A TROPICAL 
DECIDUOUS FOREST: RELATIONSHIPS BETWEEN YEARS 

AND ARTHROPOD GROUPS 

BY S. C. LEVINGS AND D. M. WINDSOR 

Department of Zoology, University of Rhode Island, Kingston, Rhode Island, 012881, 
U.S.A. and Smithsonian Tropical Research Institute, Box 2072, Balboa, Panama 

SUMMARY 

(1) This 40-month study examines variability in the pattern of population fluctuations 
among years and litter arthropod groups in moist tropical forest on Barro Colorado Island, 
Republic of Panama. 

(2) Based on weekly sampling, major arthropod groups showed three main patterns of 
seasonal abundance: dry season increase (two groups), early wet season maxima (nine 
groups) and no fluctuations or fluctuations independent of seasonal patterns (four groups). 

(3) Among years, the rank order of abundance in seasonal comparisons was highly 
correlated. All groups tended to have high or low populations in the same year. This 
suggests among-year variation for some tropical arthropods is analogous to the kinds of 
among-year variation found in temperate zone animals. 

INTRODUCTION 

Population densities often fluctuate greatly between years. Among other possible causes, 
variations in a major resource (e.g. fruit crops) may be strongly associated with 
fluctuations in animals relying on the resource (Kaufman 1962; Foster 1982). There has 
been less attention paid to population fluctuations of distantly related groups and to the 
extent of their association from season to season and year to year. How do different groups 
of animals perceive differences among seasons and years? If population fluctuations are 
correlated between groups, can we determine the factors involved? 

We will approach this problem with data on numbers of arthropods collected from leaf 
litter on Barro Colorado Island, Republic of Panama. Using 30 months of data (1975-77), 
we suggested (Levings & Windsor 1982) the length of the rainy season and the distribution 
of rain showers in the dry season strongly affect litter arthropods. More arthropods were 
collected when there was a short wet season with low late wet season rainfall, and when the 
dry season was punctuated with frequent, small rainshowers. We here add 10 months of 
data from 1978 and compare litter arthropods among the 40 months of study. We ask if 
groups of litter arthropods are changing in the same ways over the years studied and, if so, 
are patterns of change related to external conditions. Finally, do these data on population 
cycles allow us to predict years of low and high populations? 

METHODS 

Barro Colorado Island (BCI), Republic of Panama, has been most recently described by 
Dietrich, Windsor & Dunne (1982) and Foster & Brokaw (1982). It supports tropical 

61 

This content downloaded from 129.15.39.45 on Thu, 14 May 2015 19:52:39 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Litter arthropods in tropicalforests 

moist forest (Holdridge life zone system, Holdridge et al. 1971) and has a distinctly 
seasonal pattern of rainfall. The dry season usually extends from December until April 
(Rand & Rand 1979, 1982). Annual rainfall averages 265 cm year-!, but varied from 176 
to 258 cm year-1 from 1975 to 1978. Dry season rainfall is usually less than 10 cm per 
month (range in years sampled 0.34-8.6 cm per month). 1976 was a very dry year (176 
cm total rainfall), 1977 had a very long dry season (5.5 months) and 1978 received less 
than average rainfall (202 cm total). 

From August 1975 until November 1978, portions of a 20 ha watershed (the Lutz 

ravine) were sampled weekly using Berlese extraction of litter arthropods. Detailed 
methods and results for 1975-77 are given in Levings & Windsor (1982). We analyse only 
macro-arthropods, sorted into broad taxonomic categories (see Results); little or nothing is 
known about the ecology of individual species. Although we treat the counts as population 
estimates, many groups move into and out of the litter throughout the year (e.g. Belfield 

1956; Madge 1965, 1969). Our counts reflect populations defined as 'numbers of 
individuals active on the surface' and not absolute estimates of density. 

Samples were divided into seasonal groupings based on litter moisture content (Levings 
& Windsor 1982). The first and last 12 weeks of the wet season were designated as the 

early and late wet season respectively. Among-seasonal comparisons were made with these 
seasonal sub-samples. Seasons, dates and sample sizes are shown in Table 1 (n = 1345 

samples). 
Because the distribution of litter arthropods among samples was not normal, 

non-parametric statistics were applied unless otherwise noted. We used Kruskall-Wallis 
tests (Sokal & Rohlf 1981) to test for seasonal differences in arthropod abundance and 
Dunn's a posteriori tests (Hollander & Wolfe 1973) to detect significant differences 
between seasons. The significance of the rank order of various groups in among-seasonal 
comparisons was tested using binomial probabilities (Siegel 1956). 

RESULTS 
Seasonal patterns of abundance 

Tables 2 and 3 and Fig. 1 summarize fluctuations between and among seasons. Two 

groups showed little or no seasonal fluctuation: Homoptera and Blattaria. There were no 

TABLE 1. Seasonal Divisions 
Month Sample 

Season Dates numbers size* 

Wet 1975 10 August 1975-1 January 1976 1-5 
Late wet 12 October 1975-1 January 1976 3-5 104 

Dry 1976 11 January 1976-25 April 1976 6-9 154 
Wet 1976 2 May 1976-21 November 1976 10-16 

Early wet 2May 1976-18 July 1976 10-12 113 
Late wet 5 September 1976-21 November 1976 14-16 115 

Dry 1977 28 November 1976-7 May 1977 17-22 236 
Wet 1977 1 June 1977-4 December 1977 23-29 

Early wet I June 1977-14 August 1977 23-25 113 
Late wet 18 September 1977-4 December 1977 27-29 120 

Dry 1978 10 December 1977-8 April 1978 30-33 158 
Wet 1978 18 April 1978-29 October 1978 34-40 

Early wet 18 April 1978-1 July 1978 34-36 119 
Late wetf 19 August 1978-29 October 1978 38-40 113 

* Number of 0 25 m2 plots of litter sampled. 
t Entire wet season not sampled. Last 12 weeks sampled used as the late wet season. 
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TABLE 2. Direction and significance of differences between successive seasons: 
Dunn's aposteriori tests* 

LW D EW LW D EW LW D EW LW 
Seasont 1975 1976 1976 1976 1977 1977 1977 1978 1978 1978 

Groupt 
All arthropods - 4+ - + - - + 

Amphipoda - 0 0 - 0 0 0 0 + 
Isopoda - 0 0 - 0 + 0 + + 

Chilopoda 0 + + - + 0 - + 0 

Diplopoda - + - + - - + - 

Araneae and Opiliones 0 + 0 - + + - 

Pseudoscorpionida 0 + 0 -- + - + 

Thysanoptera + - -4 - + - - 

Psocoptera + - - + - - 

Gryllidae + 0 0 0 + 0 0 + 0 
Blattaria 0 0 0 0 0 0 0 0 0 
Hemiptera + 0 0 + - 0 + - 

Homoptera 0 0 0 0 0 + 0 00 
Holometabolous larvae 0 + - - + - - + - 

Coleoptera - + + - + + + -- 

Formicidae - + - -. + - - - 

* Comparisons between successive seasons. + = increase in population size, - = decrease in population 
size, 0 = no change, all measured as direction of change in median density. Medians which do not differ 
significantly are underlined. Symbols are placed between seasons being compared. 

t LW = late wet season, EW = early wet season, D = dry season. 
t Major arthropod groups, see text for further explanation. 

TABLE 3. Differences among seasons: Dunn's aposteriori comparisons 

Order of dry Order of early wet 
Group seasons* seasons* Order of late wet seasons* 

All arthropods 1976 1978 1977 1976 1977 1978 1975 1976 1977 1978 
Chilopoda 1976 1978 1977 1976 1978 1977 1975 1977 1976 1978 
Diplopoda 1976 1978 1977 1976 1977 1978 1975= 1976 1978 1977 
Araneae and Opiliones 1977 1976 1978 1976 1977 1978 1975 1976 1977 1978 
Pseudoscorpionida 1976 1978 1977 1976. 1977 1978 1975 1978 1976 1977 
Gryllidae 1977 1976 1978 1976 1977 1978 1975 1976 1977 1978 
Hemiptera 1976 1978 1977 1976 1977 1978 1975 1978 1976 1977 
Holometabolouslarvae 1978 1976 1977 1976 1978 1977 1975 1976 1978 1977 
Cnloonntern Q1976 1 U77 1097 1C976 1977 1n78 1975 978 1n7o 977t 
Formicidae 1976 1978 1977 1976 1978 1977 1975 1976 1978 1977 

* Seasons ordered from lowest to highest populatior s. Median densities which do not differ by Dunn's 
a posteriori tests are underlined. 

significant among-seasonal comparisons for cockroaches (Blattaria) and only one (dry 
season 1977 v. early wet season 1978) for homopterans. Results for these groups are 
probably not representative (Wolda 1978a; Wolda & Fiske 1981); this may be due to 
problems in sampling these groups using Berlese funnels (Median density always < 1.0 per 
sample). 
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FIG. 1. (a), Median density per sample of all arthropods combined, plotted at monthly intervals 
from 1975 to 1978. (b), Median density per sample of Diplopoda, plotted at monthly intervals. 
Diplopoda are most abundant in the early wet season. (c), Median density per sample of 
Thysanoptera, plotted at monthly intervals. Thysanoptera are most abundant in the dry season. 
(d), Median density per sample of Isopoda, plotted at monthly intervals. Isopoda showed an 
irregular pattern of seasonal fluctuations. (e), Weekly rainfall, July 1975-December 1978. Data 
cited are from the Environmental Sciences Program, Smithsonian Tropical Research Institute 
(mm rainfall week-'). 
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Other groups showed one of three population patterns: (1) dry season increase (two 
groups: Thysanoptera and Psocoptera); (2) wet season increase (nine groups: Diplopoda, 
Chilopoda, Araneae and Opiliones, Pseudoscorpionida, Gryllidae, Hemiptera, 
holometabolous larvae, Coleoptera and Formicidae); and (3) fluctuations not directly 
linked to seasonal changes (two groups: Isopoda and Amphipoda). There were no changes 
in the pattern of any group when the 1978 data were added (Table 2; see Willis 1976). 
Only psocopterans and thysanopterans increased in the dry season. Their population 
fluctuations appear related to specific environmental conditions and we consider them 
below. 

Isopods and amphipods fluctuated in the same way from 1975-78; numbers were poorly 
related to seasonal changes. Both almost vanished during the 1976 dry season and only 
became common again during 1978 (Fig. Id, see also Levings & Windsor 1982). We 
suspect both decline during the dry season and increase after the rains begin, to wet season 
maxima, but do not know how often populations crash. 

The persistence (based on 40 months of sampling) of overall seasonal patterns allows us 
to ask whether the abundance of different groups of arthropods change in correlated ways 
among years within seasonal subsamples (i.e. among all dry seasons). Are populations 
higher for all groups in some dry seasons or do different groups vary among seasons in 
different ways? We examine these questions using the nine groups with wet season 
maxima, plus all arthropods combined (which also has a wet season maximum, Levings & 
Windsor 1982). 

Within a particular seasonal period, there are several possible orders population 
abundance could take in among-year comparisons. We have three dry, three early wet and 
four late wet season sets of samples (Table 1). Groups could be ranked by order of 
abundance within these seasons in six, six and twenty-four ways respectively. Is there any 
consistent order in which the abundance of various arthropods in seasonal categories is 
ranked? This enables us to ask if populations all tend to be higher in one year as compared 
with others. Are groups correlated in among-seasonal patterns of abundance? 

Seasons are ranked in a far from random fashion (Table 3). In the dry season, six of ten 
groups were ordered, from lowest populations to highest: 1976 < 1978 < 1977 (absolute 
rank, regardless of statistical significance). Seven of ten were ordered: 1976 < 1977, 1978 
(absolute rank, regardless of statistical significance). The binomial probability of these 
rankings is low (0-002, 0.016, respectively); populations were lowest in 1976 for most 
groups. Only the Gryllidae, and the Araneae and Opiliones did not differ significantly 
among dry seasons in at least one comparison. 

A similar pattern is evident in early wet season comparisons (Table 3). 1976 was the 
lowest ranked year for all cases; significantly in seven of ten groups (P -0.016). Six of ten 
groups were ranked (regardless of statistical significance) 1976 < 1978 < 1977 (P = 
0.002). Only the Formicidae and Pseudoscorpionida did not fluctuate among early wet 
seasons. 

In the late wet season, nine of ten groups were ranked 1975 < 1976, 1977, 1978 
(P < 0.001, Table 3). The late wet seasons of 1976, 1977 and 1978 had mixed rankings, 
but 1975 was always the lowest ranked (1975 and 1976 had exactly equal ranks in one 
case, Diplopoda). 

The rankings of these diverse arthropod groups are consistent among seasons and 
arthropod groups. In the late wet season, 1975 was lowest ranked. In the dry and early wet 
seasons, 1976 was lowest ranked. Are there physical correlates of these patterns? 
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CORRELATIONS BETWEEN PHYSICAL FACTORS AND POPULATION 
FLUCTUATIONS 

Seasonal changes in physicalfactors and population levels 

Levings & Windsor (1982) suggest litter moisture content as a measure of the severity of 
the dry season. Litter moisture content averaged 26.7, 32.1 and 33.3% in the 1976, 1977 
and 1978 dry seasons, respectively. As a further measure of the dryness of each dry season, 
we counted the number of weeks in which mean litter moisture content fell beneath 20%. In 
1976, 6 out of 12 weeks were this dry. In 1977 and 1978 only 5 out of 25 weeks and 3 of 
12 weeks respectively had litter moisture content < 20%. Dry season litter arthropod 
populations were lowest in 1976. 

Litter populations decline over the wet season, so litter arthropod populations probably 
are reduced more over longer wet seasons. The 1975 wet season was -8 months long and 
those of 1976 and 1977 were -6-5-7 months long. The 1975 late wet season was lowest 
ranked (Table 3). However, the amount of rain in the late wet season may also have major 
effects. Heavy rains typical of the late wet season (25-40 cm of rainfall per month, Rand & 
Rand 1982) leach away nutrients and wash away leaf litter, especially during periods of 
overland flow (Dietrich, Windsor & Dunne 1982). In 1976, total rainfall was lower than 
normal, and late wet season rainfall was light (85.8 cm in 3 months). In 1975 and 1977, 
late wet season rainfall was heavy, but the 1977 wet season was short (6-5 months) while 
that of 1975 was long (8 months). In 1978, sampling stopped about a month before the 
rains did so we did not sample the last month of the rainy season. Thus the 1975 late wet 
season was most severe and those of 1976, 1977 and 1978 were mixed in their harshness. 

Litter moisture content did not differ among early wet seasons and could not be used to 
rank this period. We assumed the preceding season affected population levels and 
compared early wet season rankings with the harshness of the preceding dry season (see 
above). On average, litter arthropod populations were lowest in the 1976 early wet season 
after a severe dry season, than in the other two early wet seasons sampled (Table 3). 

Litter dry weight 

Comparing litter moisture content in the dry season and the length of the wet season 
among years seems to explain part, but not all, of differences among years. Although litter 
dry weight correlated poorly with arthropod populations (Spearman rs = 0. 1 19-0-497, 
Levings & Windsor 1982), we examined litter accumulations among years. Litter dry 
weight (standing crop) decreased over the study. Minimum accumulations (mean dry 
weight of litter the 4 weeks preceding the dry season) differed significantly between 1975 
and 1977 (drop of -40 g, Levings & Windsor 1982). In the last month sampled in 1978, 
mean litter dry weight was 37 g lower (145.8 g 0-25 m-2). This was not the minimum 
accumulation; it rained another month and litter dry weight probably continued to drop. 
Maximum accumulation (mean dry weight of litter the first 4 weeks of the wet season) did 
not differ between 1976 and 1977, but dropped significantly in 1978 (t-tests, P < 0.01, 
both comparisons, 308.3 g 0.25 m-2 in 1978 v. -475 g 0-25 m-2 in 1976 and 1977). If 
litter standing crop as a direct or indirect food source determines litter arthropod 
populations (McBrayer et al. 1977), counts may have been smaller in 1978 due to lessened 
food availability. Thus ranks based on dry season litter moisture content and the length of 
the wet season may be confounded by changes in litter standing crop. 
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Psocoptera and Thysanoptera 

Only two groups increase during the dry season, psocopterans and thysanopterans. 
Populations were related to length of the dry season (psocopterans) and amount of flower 
fall (thysanopterans, Levings & Windsor 1982). For psocids, this pattern was only 
partially supported when the 1978 dry season is considered. The rank order of dry season 
populations was 1976, 1978, 1977 (lowest to highest populations). The dry seasons of 
1976 and 1978 were approximately the same length (-4 months) and that of 1977 was 
-6.5 months. On these grounds, populations in 1976 and 1978 should be about the same 
and abundance in 1977 should be significantly higher. However, only 1976 and 1977 
differed significantly (Dunn's a posteriori tests, P < 0.05). 

Flower fall in 1978 and 1976 was similar and less than that of 1977 (Leigh & Windsor 
1982; D. M. Windsor unpublished). Counts from 1976 and 1978 did not differ 
significantly; populations in 1977 were significantly higher than both 1976 and 1978. This 
supports the hypothesis that flower fall is positively correlated with thrip population levels 
(Dunn's tests, P < 0.05). 

Seasonal patterns 
Can rankings based on physical conditions predict years of high and low population 

abundance? The observed rankings of arthropod abundance in the late wet season best fit 
the simplest set of physical ranks: populations were low when there was a long wet season 
with heavy late wet season rainfall. 

In the early wet seasons examined, the severity of the preceding dry season appears 
important. 1976 was the lowest ranked year for all groups, significantly so in seven of ten 
comparisons (Table 3). By our measures of dry season physical stress, 1976 was the 
harshest dry season (see above). 1977 and 1978 did not differ in dry season litter moisture 
content, and few of the interseasonal comparisons were significant (Table 3) despite large 
differences in the length of the dry season and total litter crop. 

Among dry seasons, the pattern is far less clear. Although 1976 is the lowest ranked 
year in seven of ten comparisons, it did not differ significantly from 1978 in (another) seven 
of ten comparisons (Table 3). The overall pattern clearly did not support any physical 
factor hypothesis. This may result from the lower standing crop of litter in 1978. High litter 
dry weight correlates with greater volumes of litter. Aside from being a food resource, litter 
provides refuges for arthropods (Stanton 1979; Bultman & Uetz 1982); high volumes of 
litter may ameliorate stressful physical conditions (e.g. desiccation). Thus although litter 
moisture content in 1978 was higher, actual stress might be better estimated by a 
combination of litter dry weight (= refuge space?) and litter moisture content (= available 
moisture?). 

DISCUSSION 

Whatever the intervening factors, arthropod abundance patterns are not random with 
respect to years. Individual groups of litter arthropods show persistent patterns of seasonal 
increase and decrease. The extent of fluctuations among years varies in partial correlation 
with external physical conditions. Finally, population cycles are correlated among distantly 
related groups. 

These conclusions are based on trends among higher taxonomic categories and do not 
take differences in the abundance of individual species into account. There is no evidence 
species fluctuate less than higher taxonomic groups (cf. Wolda 1978a,b); numbers of 
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species collected increases with number of individuals collected (for ant species, see 
Levings 1983). 

It is surprising the dry seasons, intuitively the most stressful periods, are not more clearly 
ranked. They differed in severity among years, as judged by litter moisture content. The 
lack of differentiation between the 1976 (driest) and 1978 (wettest) dry seasons is 
unexpected in the Formicidae; this group appears sensitive to litter moisture content 
(Levings 1983; Levings & Windsor 1982, 1984; D. Wheeler, S. C. Levings, A. Aiello, P. 
D. Coley & J. Belwood unpublished). The effects of litter standing crop (greater in 1976 
than 1978, see above) are one possible cause. For other, non-colonial groups, dry season 
aestivation may allow most individuals to avoid desiccation and heat stress. However, the 
negative relationship between arthropod numbers and decreased moisture availability in the 
preceding dry season argues against this interpretation. Many species may aestivate and 
thus not be collected in the dry season, but the severity of the dry season may determine the 
percentage of aestivating individuals surviving to the start of the next wet season. 

The patterns shown by litter arthropod groups in Panama are comparable to those 
shown by temperate arthropod groups. In some ways, it is so familiar a pattern it requires 
no comment: there are years of high and low populations for different groups or species. 
For those species which respond (however indirectly) to the same factors, abundance 
among years is often correlated. The increase in arthropod abundance at the start of the 
wet season is similar to the spring and summer bloom of insects in the temperate zones (see 
also Denlinger 1980; Lieberman & Dock 1982). Yet a cold winter can reduce many 
species' population levels (Andrewartha & Birch 1954; Varley, Gradwell & Hassell 1973; 
Price 1975). In Panama, a dry season with little rain or a long wet season reduces numbers 
of litter arthropods. 

The accumulation of evidence on the nature and extent of seasonal fluctuations in 
tropical areas is overwhelming (e.g. Bigger 1976; Wolda 1978a, b; Denlinger 1980; Leigh, 
Rand & Windsor 1982). Not only do tropical plants show strong seasonal patterns of 
fruiting, flowering and leaf flush, but year-to-year variation in the patterns is often 
considerable (e.g. Foster 1982). Associated animals have equally strong and variable 
fluctuations in abundance and activity patterns (Wolda 1978a; Levings 1983). Thus 
tropical-temperate differences in population fluctuations are best regarded as qualitative, 
not quantitative, at least until more of the incredible range of tropical habitats have been 
sampled for the extent and nature of seasonal and annual population fluctuations. 
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