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ABUNDANCE, BIOMASS AND DENSITY BOUNDARIES 

IN THE HYMENOPTERA: ANALYSIS OF THE ABUNDANCE

WEIGHT RELATIONSHIP AND DIFFERENCES BETWEEN 

FOREST AND OPEN LANDSCAPE HABITATS 

ABSTRACT: The density - \veight distributions of the hymenopteran species in a beech forest on 
limestone and a dry tneado\v on limestone near Gottingen (FRG) \vere studied. Species and density di
stributions (logarithn1ic size classes) turned out to follo\v nonnal and log-normal distributions \vith the 
meadovv having the rnore nan·o\v shape. Upper weight classes accumulated more total biomass m -2 

than lower ones, resulting in a rejection of the equal biotnass hypothesis in the case of the Hymenoptera. 
An analysis of the density - \vcight relationship revealed an upper densit) boundary for the hymenopte
ran species \vhich can be defined by second order polynomial functions. Mean and upper densities of 
small hymenopteran species ranged \veil belo\v their boundaries. \Vith an asymptotic relationship betwe
en distance from the boundary and species \Vcight. The area defined by the boundaries may mark the 
area of stability: exceeding the species specific boundary \Vas always followed by a marked decline or 
even a collapse of population density. 

KEY WORDS: Hyn1enoptcra. \Veight. biomass. density. boundedness. species - weight class di
stribution. density - weight distribution 

1. INTRODUCTION 

In the last decade the relationship be C u r r i e and F r i t z 1993, G a s to n 
tween density and weight (often approxi 1993, B 1 a c k burn and Gas ton 1996, 
mated by the body size) of anitnals in C y r et al. 1997 and literature therein). 
tetTestrial and aquatic ecosystems has Previous studies on aquatic systems re
gained growing attention (L a w to n sulted in the so called ~ .. equal biomass hy
1 9 8 9, 1 9 90, B a s s e t and K i t c h i n g pothesis' .. (Peters 1983, Maurer and 
199l ,Griffiths 1992, Currie 1993, Brown 1988), which states that the dis-
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tribution of biomass is roughly constant 
over logarithmic weight classes of the 
species. However, recent studies on tropi
cal forest arthropods could not confirm 
the generality of this assumption 
(Stork and Blackburn 1993). In
stead, it was found that larger species 
contribute more to the total biomass of a 
given area or community than smaller 
species and that this relation can be de
scribed by double log functions. Data for 
arthropods of temperate regions are 

• • 
missing. 

A second reasoning combines the 
weight with the density of a species. It 
had been found that for most aquatic and 
terrestrial ecosystems the relationship be
tween weight and density of a species 
also follows double log functions with a 
negative slope (Dam ut h 1987, Nee 
et al. 1991 , C u r r i e I 993, C u r r i e 
and Fritz 1993, Gaston 1993). 
This general slope appears to be slightly 
steeper in ten·estrial systems (around 
-0.92) than in aquatic ones (-0.89) (C y r 
et al. 1997). But within taxonomic groups 
the slope values are generally stnaller and 
for invertebrates values of -0.5 to -0.6 
(terrestrial and aquatic) have been found 
(Cur r i e and F r it z 1993, C y r et al. 
1997). Generally, it was observed that 
extending the span of weights pro
nounces the relationship between density 
and weight. Within narrow taxonomic 
groups often only weak relationships ex
ist (S tray e r 1986, M o r s e et al. 
1988, G as ton and Law to n 1988, 
N e e et al. 1991 ), or even no dependence 
could be detected (Gas ton 1988, 
To k e s hi 1990) . 

C u r r i e ( 1993) sitnulated density
weight relationships and found that statis
tical effects may account for such a pat
tern simply because of the underlying 
species-weight distribution. The author 
argues also that the observed "triangular" 

density-weight distribution in limited 
taxonomic groups, with lower densities at 
the low and high ends of weight and a 
maximum density in the middle range of 
weight may be explained simply by the 
underlying species-weight class distribu
tion in combination with the sampling 
method. 

All of these studies used fixed den si
ties to compare the parameters. To decide 
whether observed distributions are the re
sult of the underlying statistics or 
whether they show any ecological con
straints acting on the populations it seems 
necessary to study other parameters, es
pecially the population fluctuations as 
well. If the observed distributions hold at 
all observed densities it is likely that they 
can be interpreted in an ecologically 
meaningful way. A second step then has 
to include density fluctuations into mod
els of species-weight distributions. It 
seems an interesting task to sec whether 
the different forms of the density-weight 
relationship (between narrower and wider 
taxonomic grouping) still appear if one 
includes the density dynamics of 
populations. 

In this study I will analyze the 
density-weight distribution in the Hy
menoptera by including the density fluc
tuations of the species. The study 
compares the distribution in two habitats, 
a forest and an open land site (a dry 
meadow) to answer the following ques
tions. What are the shapes of the 
abundance-weight relations and are they 
equal in different habitats? Are there up
per density boundaries of the species? 
Does the equal biomass hypothesis hold 
for the Hytnenoptera and is there a gen
eral patte1n in assembling the size classes 
of the faunas? 

Throughout the text the tern1 density 
refers to individuals m 2

, weight stands 
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for dry weight per specimen, and the of a given area (species-biomass and 
tertn biomass is used to refer to the tota] community biomass). 
dry weight of a species or a community 

2. METHODS 

During 1980 and 1987 the hymenop
teran fauna in a beech forest on limestone 
(the Gottingen forest, FRG, a Melico 
Fagetum subassociation Lathyn1s vernus) 
has been intensively sampled with 
ground photo eclectors. U 1 r i c h ( 1998) 
gives a detailed account of the study area, 
the sampling procedures, the densities 
and the species composition. Individuals 
of all species were measured (U 1 r i c h 
1999c) and the weight was calculated us
ing the for1nula developed in Ulrich 

(1998): B (mgDW) = 0.52493 x thorax 
volume (mm3

) (r = 0.97 ; p < 0.001) . 

In total 720 species of Hymenoptera 
were detected; the mean annual bio
mass m-2 was 68 mgDW. 

The second sampled habitat was a 
dry meadow (Gentiano Koelerietum) on 
limestone (the Drakenberg near Gottin
gen, FRG). In 1986 and 1988 this 
meadow was sampled also using ground 
photo eclectors (U 1 rich 1999a). The 
sorting and measuring procedures were 
the same as in the beech forest. A total of 
475 species of Hymenoptera were found; 

2 the mean annual biomass m- was 132 
mgDW. 

3. RESULTS 

3.1. SPECIES DISTRIBUTION AND BIOMASS 

A sorting of the species into binary 
weight classes revealed for the species of 
both habitats species distributions which 
are shown in Figure 1. On the dry 
1neadow the species numbers - weight 
class plot is best fitted by a log-nonnal 
distribution (mean [m] = 6.75 , variance 
[s] = 0.16, p < 0.001). In the case of the 
forest a nor1nal distribution gave the best 
fit with m = 8.5 and s = 0.52 (p < 0.01 ). 
In the forest the highest number of spe
cies is contained in the classes with 0.18 
to 0.36 mgDW (108 species). The highest 
mean density instead is found in the spe
cies with a weight around 0.0224 mgDW 
(70 in d. m -2

) (Figure 1 ). On the dry 
meadow the highest number of species 

(85) and the highest mean densities (242 
ind. m-2

) are found in the weight class 
with 0.0448 mgDW. 

The forest is characterized by a more 
equal density distribution than the dry 
meadow. The weight classes between 
0.0028 and 3 mgDW (10 classes) of the 
beech forest have roughly equal densi
ties. On the dry 1neadow the densities im
mediately fall from the peak towards 
higher and lower weight classes. These 
trends follow power functions with 
slopes of -0.84 and 1.02, respectively. 

The biomass-weight distribution of 
the beech forest can also be described by 
a peaked function (a log-norn1al distribu
tion gave the best fit) with the highest 
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Fig. 1. Number of species, densities, and biomass in different binary weight classes of the Hymenoptera of the Gottingen forest and the Drakenberg. Total 
biomass refers to the sum of biomass of all species in a given weight class. Biomass and weight are given in g. A - Gottingen forest, B - Drakenberg. 
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biomass m -2 in the weight class around 3 
mgDW and a decline towards the five 
largest classes. The largest weight class is 
missing on the dry meadow; the mean 
biomass steadily rises towards the highest 
weight classes and 54% of the total mean 
biomass of the Hymenoptera on the dry 
meadow is assetnbled in the upper three 
classes. The distribution can readily be 
described by a second order polynomial 
function: In 8 = -0.203 (ln(X))2 

- 2.668 
ln(X) - 12.684 (R2 = 0.893, p < 0.0 I) [B 
denotes the biomass, X the weight class]. 

In the beech forest the upper three 
weight classes count only for 12% of to
tal mean biomass, the mean biomass m-2 

is more equally distributed among the 
weight classes, and the distribution takes 
the forn1: ln 8 = -0.246 (ln(X))-

? 
- 3.429 

ln(X) - 16.362 (R-
') 

= 0.896, p < 0.01). 

Another aspect is the amount of bio
Jnass which each species contributes to 
the total hymenopteran biomass in a 
given habitat. In Figure 2 the weight of 
each species is plotted against the mean 
annual biomass ITI-

1 
of this species. The 

strong positive correlations indicate again 
that larger species contribute more to the 
total biomass than smaller species. This 

relation holds for all three strata of the 
beech wood (ground, herb layer and can
opy) and the two strata of the dry 
meadow (ground, herb layer). 

The biomass distribution is not equal 
between the strata. In the forest habitat 
the ground living Hymenoptera weigh 
around 22 mgDW m-2 a- 1 

, the canopy 
living species reach half of this value and 
the species which find their hosts in the 
herb layer weigh only 1.1 mgDW m-2 a- 1

• 

However, the regression slope of the herb 
layer species is steepest (Figure 2), indi
cating a vety unequal biomass distribu
tion. On the other hand, the biomass 
distribution of the canopy species is the 
most equal. 

The Drakenberg meadow has not 
only a more diverse and abundant hy
menopteran fauna than the Gottingen 
fauna, the species also reach a higher to
tal biomass (Figure 2 and U 1 r i c h 
1999a). This holds especially for the spe
cies associated with the herb layer. The 
slopes of the regression in Figure 2 are 
comparable to the beech forest with the 
exception of the ground living species, 
which have a more uneven biomass 
distribution. 

3.2. DENSITY- WEIGHT DISTRIBU'fiON 

The density - weight plots for both 
habitats are shown in Figure 3. Larger 
species have lower densities than smaller 
species. But this relationship turned out 
to be comparably weak. In none of the 
strata does the variance explanation ex
ceed 10% and in the ground living Hy
menoptera of the Drakenberg tneadow 
there even is no trend detectable. The 
slopes of the regressions range between 
- 0.17 and - 0.38 and are lower than the 
slopes reported for arthropods in the lit
erature (Cur r i e and F r i t z 1993). 

The plots define a rather sharp upper 

density limit for the Hymenoptera, a fact 

that has up to now only been described in 

vertebrates (Dam ut h 1981, 1987, P e

t er s and R a e 1 son 1984), pond in

vertebrates (B 1 a c k b u r n et al. 1992) 

and tropical beetles (Blackbum et al. un

publ., cited after Gas ton 1993). In 

other studies with limited taxonomic 

groups such boundaries were much lesser 

defined (G a s ton 1988, M or se et al. 

1988, M a u re r and B r o w n 1988). 
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Fig. 2. Annual biomass I species [g] versus weight of the species [g](natural logarithms). W denotes 
the total annual mean biomass of the hymenopteran species in each of the strata. A - Gottingen forest~ 
B - Drakenberg. The sharp lower line is formed by species of which only one individual was found. 

The equation gives the linear regression between In mean biomass and In weight (R 2 - variance 
explanation, p - significance level). 
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Fig. 3. Density of the hymenopteran species (ind. m -2) versus their weight [g]. X denotes the mean annual 
density in each of the strata. The boundary lines are computed with the functions given in Table 1. The 

functions given refer to the regression between density and weight. A- Gottingen forest, B - Drakenberg. 
For the Gottingen forest Ph refers to the ichneumonid Phygadeuon ursini, for the Drakenberg PI denotes 

P!atygaster td2 and Coe - Coe/ichneumon desinatorius. 
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The density boundaries are espe
cially marked in the beech forest, which 
had been studied over 7 years. With only 
one exception (from a total of 720 spe
cies) (the ichneumonid Phygadeuon 
ursini, a parasitoid of the pupae of the 
common dipteran Cheilosia fasciata 
(H 6 v em eye r 1992) all of the species 
ranged well below these boundaries 
given in Figure 3, which were obtained 
by fitting the outermost species to second 
order polynomial functions (Table 1 ). 
This method of fitting is similar to the 
method developed by B 1 a c k b u r n 
et al. (1992) and S char f et al. (1998) 
but with the important difference that 
even with few data points most second 
order polynomial terms in Table 1 are 
significant at the 5o/o-levcl. From their 
simulations Blackbum et al. supposed 
that in real assemblages curvilinearity is 
not of great importance. 

In the case of the Drakenberg these 
boundaries are also defined, but weaker, 
probably reflecting the shorter study time 
(2 years) . For the ground living species 
no functions could be obtained at all. 

Two species ranging outside the area of 
normal mean density (of a total of 475): 
the large ichneumonid Coelichneumon 
desinatorius, a ground living pupal para
sitoid of Lepidoptera, and a small gall 
midge parasitoid of the genus Platygaster 
(Platygastridae). 

The functions of the density bounda
ries together with values of maximal den
sities are given in Table I. As expected 
the open land site meadow allows higher 
densities than the forest. On the Draken
berg the upper density limit for a middle 
sized hymenopteran species is 9 ind. m -2 a-1

; 

in the forest this value is only 2 in d. m 2 a -1
. 

For larger species the boundaries lie well 
below 1 ind. m_') a 1 and are comparably 
low. They lie well within the range of 
densities reported in other quantitative 
studies of arthropod densities (S c ha e
fer 1991, 1996 and literature therein). 
The maximal density of a small species 
in the forest is 69 ind. m-2 a- 1

; on the 
meadow this value is 544 ind. m-2 a 1

. 

Both values correspond with the much 
higher total densities on the dry meadow 

Table 1. Upper values for densities of the hymenopteran species of the dry meadow Drakenberg 
and the Gottingen beech forest. Data derived from the boundaries given 

in Figure 3. 

Stratum Gottingen forest Max. density of a Max. density of 
mean sized species the smallest 

(ind.m 2
) species (ind.m 2

) 

Ground In D = -0.084 (lnX)2 
- 2.024 lnX - 9.58 1.42 18.64 

Herb layer In D = -0.023 (lnX)2 - 1.133 lnX- 9.06 0. I 1 4.34 

19.17 Canopy ln D = - 0.181 (lnX)2 
- 4.123 lnX- 20.08 0.98 

69.45 All Hymenoptera In D = - 0.0938 (lnX)2
- 2.313 In X- 10.73 1.99 

Drakenberg 

Ground not possible 

Herb layer In D = - 0.7099 I nX - 4.47 2.56 ] ] 1. 83 

Canopy 
') 

All Hymenoptera ln D = -0.04 (lnX)-- 1.5087 lnX- 6.99 9.08 544.48 

D - Densities (ind.m-2
); X- Weight [g] 

Bold parameters are significant at the 5o/o-level. 

https://lnX-6.99
https://lnX-20.08
https://lnX-9.06
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and are also not extraordinarily high 
( U l r i c h 1999a). 

Of course, the functions are obtained 
by fitting mean density values (mean val
ues of seven [Gottingen forest] and 2 
[Drakenberg] years of study) and it may 
therefore be that they are results of the 
computational process: if there are more 
species in middle ranking weight classes 
the chance of having species with a high 
density is greater than in less species rich 
weight classes. The triangular shape may 
therefore only be a stochastic effect. The 
simulations of Cur r i e ( 1993) resulted 
in sirnilar shapes but with less marked 
limits and indeed were mainly caused by 
underlying species-weight distributions. 
It is therefore necessa1y to test whether 
the boundaries are due to stochastic ef
fects or have more "ecological'' causes. 
For this task I cotnpared the boundaries 
of the species of the beech forest with 
their real upper densities (tnax. densities 
during seven years of study) and ana
lyzed the pattern. 

Most of the species fluctuated more or 
less in density, and 18% of the species had 
density fluctuations of rnore than factor 1 0 
(up to more than factor 1 000) (U 1 r i c h 
1998). But individual cornputations for 
each species showed that only 25 of them 
(3 .5o/o from a total of 720) reached in one 
of the years their upper density limit as 
defined in Figure 3 (Figure 4). 
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Figure 4 contains all species with 
maximal densities of more than 1 
ind. m-2 a-1 by plotting the difference of 
max. density minus boundary density 
against the weight. The interesting fact 
appears, that small species did not reach 
their limit despite of their high density 
fluctuations. In larger species the maxi
mal density reaches asymptotically the 
boundary. Only 10 species had maximal 
densities well above (more than 10 
in d. m -2

) their limit, all of them (with the 
exception of Phygadeuon ursini) medium 
sized species. These species are listed in 
Table 2. The maximal densities of them, 
their boundary densities, and the densi
ties in the year following the maximum 
are given. The following generation of 
P ursini could not be checked because 
the study ended in 1987 but the data in 
Hovemeyer (1992) indicate a 
marked decline in density. The popula
tions of six of the ten species collapsed in 
the year after their peak (the population 
of Synopeas gw1 collapsed in the second 
year; in 1985 it reached 77 ind. m "). 
Three species also declined and reached 
densities near their boundaries. 

Only five of the 720 hymenopteran 
species of the Gottingen forest (Synopeas 
gwl, Omphale gw2, Eumacepolus gra
hami, Phygadeuon ursini, Cratichneu
n1on rufifrons) exceeded their boundary 
density in one of the years and had even 
higher densities in the following year 

Fig. 4. Difference between max . 
density and boundary density (as 

marks the zero deviation from the 
Weight [g] boundary density. 
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Table 2. Maximal densities (ind.m-2
) and densities in the following years of all hymeno

pteran species in the Gotti ngen forest with maximal den si ties more than I 0 i nd. m -2 above 
their boundary density. The boundary densities are defined in Table 1 (function for all 

Hymenoptera). 

Species 

Synopeas gw 1 
Phygadeuon ursini 

Erellnocerus 1nundus 

Tetrastichus brachycerus 

Mesopolobus gw1 
01nphale gw2 
Gastrancistrus walkeri 

Tetrastichus ?charoba 

Clzaritopes gastricus 

Tetrastichus luteus 

(from a total of 4320 

Boundary Max. 
density density 

30 658 
] 72 

33 99 
18 83 
19 64 
13 50 
24 39 
20 34 
5 20 
8 19 

combinations -

Difference Year of Density in Year 
max. the next year 

density 

627 1984 not found 1986 
70 1987 
66 1983 <1 1984 
65 1984 not found 1985 
45 1985 3 1986 
37 1985 13 1986 
16 1984 <1 1985 
14 1982 <1 1983 
14 1986 6 1987 
1 1 1984 9 1985 

0.11 %). The first three species are parasi
toids of gall inducing Cecidomyiidae. 

4. DISCUSSION 

The species distribution along 
weight classes is not well understood, but 
has practical implications because a de
tailed knowledge of the distribution 
would allow the total number of species 
in a given biome or in the world to be as
sessed (May 1978, 1986). The data pre
sented here for the Hymenoptera indicate 
for both habitats log-normal or nonnal 
distributions. A recalculation of the data 
in Hovemeyer (1996) for the dip
teran fauna of the same dry meadow also 
resulted in a log-normal distribution ( 12 
size classes, m = 5 . 7 5, s = 0. 14). N o -
v o t n y and K i n d 1 m a n n ( 1996) ana
lyzed 16 arthropod taxa and found that 

most of them are best fitted by nortnal or 
log-norrnal distributions and the Hauto
mobilisticH examples of Gas ton (1993) 
also point in this direction. It would be of 
great interest to see whether the above re
ported distributions and parameters gen
erally hold and can be applied to assess 
total species numbers. 

The species and density distribution 
in the open land site meadow tended to 
be more unequal than in the forest, indi
cating that the dry meadow may be the 
more extreme habitat. On the meadow 
the densities and species are concentrated 
in fewer biomass classes, and the upper 
classes accumulate much more biomass 
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than in the forest. This contrasts with the 
higher annual species numbers on the 
meadow (U 1 rich 1999a), and the 
higher diversity (Ulrich in prep.). In both 
habitats the data are not consistent with 
the equal biomass hypothesis (M a u re r 
and Brown 1988). 

The above results can be compared 
with the data of S to r k and B 1 a c k -
burn (1993) obtained for the arthropod 
fauna in a tropical lowland rain forest in 
Indonesia. Their biomass classes ranged 
over six magnitudes of order and their 
plots of total biomass against biomass 
class of the species resulted in power 
functions with slopes around 1.0. A ten
fold increase in size would therefore re
sult in a 10 fold increase in total biomass. 
The hymenopteran fauna of the temperate 
beech forest and the dry meadow studied 
here do not fit in such a distribution, but 
can be described by second order polyno
mial functions. On the dry meadow a 10 
fold increase in size results in a roughly 
three-fold increase in total biomass. 
However, Stork and Blackburn dealt with 
all arthropods. Therefore, large arthro
pods other than Hymenoptera, (Coleop
tera, Orthoptera or spiders) may well 
account for the steady rise in biomass. 
The authors also repotted a decline in 
mean species size from canopy to soil. In 
the beech forest no such differences were 
found. The mean weight of a canopy liv
ing parasitoid species is 0.55 mgDW; in 
the herb layer the mean weight is 0.89 
mgDW, and at the ground 0. 95 mgDW. 
However, the differences between the 
strata are not significant (Kruskal Wallis 
non parametric ANOVA, p = 0.08). 

The most i1nportant result of the 
present study is the finding that from 
density-weight plots upper density 
boundaries for the Hymenoptera can be 
inferred. G a s to n ( 1993) discussed two 

hypotheses explaining such upper bound
ary lines in mammals: metabolic con
straints and concatenations of the 
underlying frequency distributions of size 
and abundance. In the following I will 
outline a third explanation. 

The studies on mammalian and 
tropical beetle density boundaries and the 
explanations of the patterns assume 
roughly stable species densities. "Sto
chastic" explanations which assume that 
the patterns are caused by underlying dis
tributions also used fixed densities. How
ever, this study shows that even when 
high density fluctuations are taken into 
account the boundaries - defined by 
mean abundances - held. Any explana
tion has therefore also to deal even with 
extreme (factor 100 or more) density 
fluctuations. The boundaries may there
fore be caused by ecological factors 
rather than being an effect of statistics or 
physiology. One can speculate that these 
factors may force the species to range in
side an "allowed" area of density. These 
density areas (defined by the boundary 
functions) may mark the range in which 
the species can fluctuate without a fol
lowing collapse in density. Thus, they de
fine the range of stability. Exceeding the 
boundaries is followed by a decline or 
even a collapse of the population in the 
next generation. This is exactly the pat
tern found: species with higher densities 
than defined by the boundary returned 
nearly always to densities at or below this 
threshold. It is interesting that the densi
ties of larger species ranged near their 
boundary, whereas small species had 
1nean densities well below their thresh
old. This behavior also fits into the above 
explanation because in the beech forest 
under study small species had higher 
density fluctuations than larger ones 
( U 1 r i c h 1999b ). Having low mean 
densities may thus be a strategy to avoid 
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too high abundances (and latter popula
tion collapses) caused by stochastic fluc
tuations. 

The comparatively low densities of 
small species are the cause of the so 
called triangular forn1 which had been 
observed in many density-weight curves 
(Gas ton 1993). Gas ton assumed that 
this form may be caused by the species
biomass distribution involved. The above 
argument, on the other hand, draws atten
tion to the stability of populations. Simu
lations with fluctuating populations 
( U 1 r i c h 1999b) showed that realistic 
density-weight distributions with nega
tive slopes may indeed be generated 
alone by the underlying species-weight 
class distribution together with a negative 
(linear or power function) density 
fluctuation-weight distribution. 

Theoretical considerations related 
with models on population regulation 
emphasized that there are outer litnits of 
density between which the densities may 
wander but rarely exceed them. This so 
called "boundedness'~ (Chess on 1978, 
C he s s on and E 11 n er 1989) plays a 
crucial role in several distribution-free 
tests on density dependent regulation 
( P o 11 a r d et al. 1987, Red
dingius and Den Boer 1989, 
D e n B o e r and R e d d i n g i u s 
1989, Crowley 1992). A serious 
shottcoming of these concepts is the fact 
that it proved to be very difficult to ob
tain empirical values for upper and lower 
limits of density (C r o w 1 e y 1992). 

The above developed method may serve 
to reach at upper density limits. Further 

• 

studies on other arthropod groups and 
guilds are necessary to prove whether the 
boundaries can generally be described by 
polynomial functions and whether these 
functions have similar parameters. It is 
also necessary to analyze the role of the 
boundary in detail, especially whether it 
acts like a repellent (P o 11 a r d et al. 
1987) or marks the upper boundary of a 
strange attractor band (C r o w 1 e y 
1992) that means an area to which densi
ties return after exceeding them. 

The above argument can in fact be 
combined with the explanation that un
derlying distributions result in the ob
served pattetns. Such a reasoning would 
combine the concepts of density depend
ence with species abundance and biomass 
relationships. It is tempting to speculate 
that the boundary as defined above also 
acts like a limit for density dependence. 
Densities above this limit would there
fore always be regulated in a density de
pendent manner; densities below may or 
may not be regulated anyway. Further 
studies on other populations have to con
fitm these hypotheses. 
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5. SUMMARY 

The density - \Veight distributions of the Species - weight class distributions turned 
hymenopteran species in a beech forest on lime out to follo\v normal (forest habitat) and log-nor
stone and a dry n1eado\v on limestone near mal distributions (dry meadow) (Figure 1 ). Upper 
Gottingen (FRG) were studied. size classes accumulated more total biomass m-2 
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than lower ones. resulting in a rejection of the equ
al biomass hypothesis in the case of the Hymenop
tera (Figures I, 2). 

An analysis of the density - weight relations
hip revealed an upper density boundary for the 
hymenopteran species, which can be defined by 
second order polynomial functions (Table I, Figu
re 3 ). Mean and upper densities of stnall parasitoid 

species ranged well below their boundaries, with 
an asymptotic relationship between distance 
from the boundary and species weight (Table 2, 
Figure 4 ). The area defined by the boundaries 
may mark the area of stability; exceeding the 
species specific boundary was always followed 
by a marked decline or even a collapse of popu
lation density. 
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