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Abstract. We studied the effect of rose shrub spatial pattern and density toward its parasitism by Diplolepis 
rosae gall wasps, considering host shrubs’ size. There were eight sample sites on dry pastures and/or on the 
edges of these pastures. Our results show that high densities rose shrubs show uniform distribution, while 
the low densities ones appear aggregated. Gall density and prevalence are affected by host plant aggregation. 
Gall aggregation is inversely related with host plant aggregation. The plant architecture hypothesis regarding 
rose shrub size was not supported. 
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Introduction 
 
Host-specific phytophagous insects are usually 
patchily distributed within the populations of 
their host plants (Egan & Ott 2007) because high-
quality plants are phenotypic and/or genotypic is-
lands within a number of lesser-quality hosts (Jan-
zen 1968). Host plant variation determines the dis-
tribution patterns of herbivores on their host 
plants (Egan & Ott 2007, Gripenberg & Roslin 
2005). Studies regarding insect herbivory fre-
quently refer to the effects of plant traits on the 
distribution of herbivores within and among host 
plants (Cornelissen & Stiling 2006). It is obvious 
that host plant trait differences have a great im-
pact on herbivore dynamics (Underwood & 
Rausher 2000, McIntyre & Whitham 2003), distri-
bution (Lawrence et al. 2003, Gripenberg & Roslin 
2005, Crawford et al. 2007) and abundance (Rand 
& Louda 2006, Lara et al. 2008). Thus, recently the 
study of host plant variation effect on insect her-
bivore population dynamics became a priority re-
garding the need to incorporate results into ap-
plied integrated pest management (Price 2000). 

Gall wasps are obligate parasites of plants. 
The effect of host’s spatial distribution on parasit-
ism may show positive and negative density de-
pendence or density independence (Altizer et al. 
2003, Hails & Crawley 1992, Rózsa et al. 1996). The 
distribution pattern of parasites on their hosts is 
determined by their prevalence (ratio of parasi-
tized individuals in the sample), intensity (indi-

vidual level of parasitism in the sample), and the 
host’s spatial distribution and density (Stiling & 
Strong 1982, Rékási et al. 1997, Sandin & Pacala 
2005, Cronin & Strong 1999). When host plants are 
spread on equal distances from each other (uni-
form spatial distribution), from the view of the 
parasite there is a higher effort on the search of 
hosts, opposite to the case when the host plants 
are spread on unequal distances (aggregated spa-
tial distribution) even if parasites do not search 
randomly in general (Cronin & Strong 1999). 
There are a series of plant characteristics which 
may contribute to the host search of the parasites. 
But the relationship between patchy occurrence of 
plants and their fitness may affect searching effort 
of parasites. There exist evidences that plant dis-
tribution indeed has a significant effect on herbi-
vore searching behavior (e.g. Visser 1988). Accord-
ingly galls may be distributed uniformly on ag-
gregated hosts. 

Recognizing that intra-plant heterogeneity af-
fects both the distribution and the performance of 
herbivorous insects, a variety of hypothesis were 
suggested to explain herbivore distribution on 
hosts: the plant stress (White 1984), plant vigor 
(Price 1991), plant architecture (Lawton 1983, 
Strong et al. 1984) and resource availability (Grime 
1979, Coley et al. 1985) hypotheses. 

In the case of galling insects, intra-plant het-
erogeneity effects are more frequently studied 
compared with the spatial density-dependence on 
host plants (plant stress hypothesis: review includ-
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ing gall makers by Koricheva et al. (1998); plant 
vigor hypothesis (Price 1991, 2003)). Negative den-
sity dependence or density-independence was 
found for cynipid gall inducers (Hails & Crawley 
1992, Schönrogge et al. 1995). 

We studied the parthenogenetic gall wasp 
Diplolepis rosae which induces multi-chambered 
galls on rose shrubs (Rosa spp.). D. rosae usually 
parasitizes R. canina, but galls also occur on R. du-
malis, R. rubiginosa, R. villosa, R. sherardi and R. ru-
brifolia (Stille 1984). Females of D. rosae emerge 
from galls in early spring and lay their clutches in 
new rose buds within one or two months. The 
new gall finishes its development in late summer 
and pupae overwinter within the gall. 

In this research we (i) investigated the pattern 
of occurrence of galls on every host individual, (ii) 
analyzed the effect of the host spatial pattern and 
density on the gall distribution on hosts, and (iii) 
supplemented the analysis with the effects of ar-
chitectural characteristics of shrubs. 

Our study hypothesis was that the increase in 
host plant density infers aggregated per host dis-
tribution of galls which may be also related with 
plant trait variation. Our first prediction involved 
the change in spatial distribution of rose host-
plant with its change in density. Our second pre-
diction was that the density and prevalence of 
galls decreased with increasing rose shrub density. 
Our last prediction involved the antagonistic rela-
tionship of host shrub and gall density with host 
shrub architecture. 

We aimed to find supporting evidences of 
plant architecture hypothesis by means of plant 
size in the case of the galling system compounded 
by the Bedeguar gall and its wild rose host shrubs. 

 
 

Material and methods 
 

There were eight sampling sites observed for two years 
(2004, 2005). Sampling sites were dry pastures or the for-
ested edges of these pastures. Sampling sites were: (a) 
Târgu-Mureş, Mureş county, Romania, elevation: 452 m, 
one site with 3 (2004, 2005) quadrates – 46.5126N / 
24.5771E; (b) Cluj-Napoca, Cluj county, Romania, eleva-
tion: 472 m, four sites, with 2 or 3 quadrates (2004: site2 
with 2, site3 with 2, site4 with 2, and site5 with 3 quad-
rates; respectively 2005: site2 with 2, site3 with 3, site4 
with 3, and site5 with 3 quadrates) – 46.8018N / 23.6131E; 
46.8317N / 23.6315E; 46.7328N / 23.5780E; 46.7672N / 
23.4937E; (c) Berettyóújfalu, Hajdú-Bihar county, Hun-
gary, elevation: 105 m, one site with 1 (2004), and 3 (2005) 
quadrates – 47.2476N / 21.5377E; (d) Tépe, Hajdú-Bihar 
county, Hungary, elevation: 95 m, one site with 2 (2004) 
and 2 (2005) quadrates – 47.3301N / 21.5605E; (e) Emőd, 

Borsod-Abaúj-Zemplén county, Hungary, elevation: 125 
m, one site with 2 (2005) quadrates – 47.9522N / 20.8047E. 

Sites (a) and (b) were neighbouring oak-hornbeam 
forests; where the following species were abundant: Ru-
bus spp., Hippophae rhamnoides, Prunus spinosa. On sites (d) 
and (e) among the Rosa spp. shrubs there were scattered 
Prunus spinosa shrubs, and on the lower watery parts 
there were patches of Phragmites australis. On these latter 
two quadrates two sites were taken on young sessile oak 
(Quercus petraea) plantations. On site (e) besides rose 
shrubs there were scattered Prunus spinosa shrubs too. 

In each of the randomly chosen 50×50 meter quad-
rates we recorded the coordinates of each rose shrub with 
a GPS unit, also measured the height, the diameter, and 
counted the number of D. rosae galls on them. From the 
recorded height and diameter of shrubs we calculated a 
mean shrub size which we consider as an architectural 
component of shrubs. To determine the spatial density of 
rose shrubs and galls the 50×50 meter quadrates were di-
vided into smaller 10×10 meter quadrates; herewith we 
refer the 50×50 meter quadrates as quadrates and the 
10×10 meter quadrates as small quadrates. 

The spatial pattern of Rosa spp. individuals was de-
termined on every quadrate by counting the small quad-
rates with shrubs in them, the number of shrubs on these 
small quadrates and the small quadrates with same shrub 
intensity class. 

The pattern of occurrence of galls on individual host 
was determined on every quadrate by counting infected 
hosts from all occurring hosts, determining the intensity 
class of every infected host and counting the hosts be-
longing to the same intensity class. 

Based on these counts we calculated the Poulin’s in-
dex of discrepancy (PID) (Poulin 1993), and in the case of 
galls we also calculated their prevalence. Values of PID 
range from 0 to 1, the lower values show uniform, while 
those closer to one show aggregate distributions. 

Rose shrub’s coordinates were processed using GPS 
TrackMaker (Ferreira 2008) and GRASS GIS (GRASS 
Development Team 2010). Statistical analyses of spatial 
distribution and prevalence were calculated with QP 3.0 
(Rózsa et al. 2000) software. The R language and envi-
ronment for statistical computing was used for other sta-
tistical analyses (R Development Core Team 2010). 

To demonstrate that PID values do indeed differ 
from random distributions, we simulated Poisson dis-
tributed point-patterns for different densities (d = 10, 20, 
…, 200); i.e. the simulated point patterns were Com-
pletely Spatially Random (CSR) (Cressie 1993). The range 
for density values was based on the field data. The ‘spat-
stat’ package was used during the simulation (Baddeley 
& Turner 2005). 

Distributions of PID values, prevalence and density 
were continuous right-skewed. These derived variables 
were based upon negative binomial distributed count 
data. Comparisons of simulated and field data, and the 
relationships between variables were tested using a 
gamma error distributed generalized linear model (GLM) 
framework. Logarithmic transformations were used to 
achieve normality of variables. The variability of samples 
was characterized  by the interquartile range, IQR. 
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Results 
 

On the analyzed quadrates there were 994 shrubs, 
from which on 332 shrubs (32.5%) we found 975 
D. rosae galls. Aggregations for the field data were 
significantly higher than for the simulated Poisson 
distributed point patterns (GLM: gamma disper-
sion parameter = 0.11, coefficient estimate = 0.78, 
deviance = 10.91, F1,70 = 94.58, p < 0.0001) (Fig. 1). 
For the field data the median of PID was 0.66 (IQR 
= 0.22), while for the simulated data the median of 
PID was 0.24 (IQR = 0.09). 

The density of shrubs showed significant vari-
ability (median = 0.92, IQR = 1.1) depending on 
the sampling sites (GLM: gamma dispersion pa-
rameter = 0.46, deviance = 9.58, F7,28 = 2.94, p = 
0.01), e.g. shrub density was dependent on sites. 
At site2 (GLM: estimated coefficient = –1.36, stan-
dard error = 0.48, p = 0.008) and site4 (GLM: esti-
mated coefficient = –1.66, standard error = 0.45, p 
= 0.001) densities were significantly smaller than 
the site1, whereas there was no other significant 

difference. Aggregation of the rose host shrubs 
was strongly negative density-dependent (linear 
regression; t = – 9.33, p < 0.0001, PID = 0.61 – 0.13 * 
log(shrub density)) (Fig. 2). The aggregation of 
shrubs based on their density can be estimated 
with a 71.1% precision (linear regression; adjusted 
R2 = 0.71, F1,36 = 87.22, p < 0.0001). Furthermore, 
shrub diameter and height was not significantly 
affected by per site shrub density (Table 1). 

The density of galls showed no significant 
variability (median = 1.11, IQR = 0.74) depending 
on sampling sites (GLM: gamma dispersion pa-
rameter = 0.53, deviance = 5.27, F7,28 = 1.40, p = 
0.24), e.g. there were no consistent differences be-
tween sites. 

The density and prevalence of galls showed a 
negative host shrub density-dependence, while 
the aggregation of D. rosae galls on shrubs showed 
a positive density-dependence (Table 2). This lat-
ter relationship means that the aggregation of D. 
rosae galls on host shrubs increases with the in-
crease of shrub density.  

 

          
 

         
 
 

Table 1.  Results of a generalized linear model (gamma family with log link) fit-
ting variation on the shrub height and diameter by shrub (N=36). 

 

Per site   
Shrub density vs. Shrub height (cm) Shrub diameter (cm) 
dispersion parameter 0.04 0.12 
coefficient estimate –0.05 –0.12 
deviance 0.10 0.47 
F1,34 2.40 3.75 
p 0.13 0.06 

 

Figure 2. The relationship between the log density 
and PID values of rose shrubs on N = 36 quad-
rates. As shrub density grows their spatial pat-
tern becomes uniform. 

Figure 1. The difference between Poulin’s index of dis-
crepancy (PID) values of field (N = 36) and simulated 
(N = 36) data. Field data were significantly more ag-
gregated than the point patterns generated by a Pois-
son process. 
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Table 2.  Generalized linear models (gamma family with log link) on per rose host shrub gall 
density, prevalence and aggregation with shrub density and aggregation. Spatial pattern is 
characterized by the Poulin’s index of discrepancy (PID) (N=36). 

 

Per shrub individual    
Shrub density vs. Gall density Gall prevalence Gall aggregation 
dispersion parameter 0.37 0.21 0.05 
coefficient estimate –0.45 –0.32 0.21 
deviance 6.32 3.16 1.14 
F1,34 16.78 14.73 19.25 
p 0.0002 0.0005 0.0001 
Shrub aggregation vs.    
dispersion parameter 0.28 0.16 0.05 
coefficient estimate 3.32 2.40 –1.55 
deviance 8.33 4.26 1.61 
F1,34 29.66 25.44 29.36 
p <0.0001 <0.0001 <0.0001 

 
 

Table 3.  Results of generalized linear models (gamma family with log link) fitting 
variation on per rose host shrub gall density and aggregation with shrub height 
and diameter. Spatial pattern is characterized by the Poulin’s index of discrepancy 
(PID) (N=36). 

 

Per host individual   
Gall density vs. Shrub height (cm) Shrub diameter (cm) 
dispersion parameter 0.68 0.64 
coefficient estimate 0.002 0.002 
deviance 0.29 1.56 
F1,34 0.42 2.42 
p 0.51 0.12 
Gall aggregation vs.   
dispersion parameter 0.07 0.07 
coefficient estimate –0.001 –0.001 
deviance 0.25 0.31 
F1,34 3.42 4.41 
p 0.07 0.04 

 
 
Regarding the relationships between host 

shrub aggregation and gall density and prevalence 
there are significant positive effects, while the gall 
aggregation showed a significant negative effect 
(Table 2).  

The height and diameter of shrubs showed no 
significant effects on density of galls per host 
shrub (Table 3). Aggregation of galls per host 
shrub was not affected by shrub diameter; shrub 
height also showed no significant effect (Table 3). 

 
 

Discussion 
 

We found that the spatial pattern of rose shrubs 
affected the distribution pattern and parasitism of 
D. rosae. But the height and diameter of shrubs 
(considered as plant architectural indicators) had 
no effect on the gall’s distribution pattern and 
parasitism. Our recent findings regarding the rela-

tionships of density and aggregation of rose host 
shrubs with the density, prevalence and aggrega-
tion of D. rosae galls confirm our earlier results 
(László & Tótmérész 2007). 

Regarding the density of D. rosae galls, as the 
density of rose host shrubs increased the former 
decreased. The more rose shrubs found, the less D. 
rosae galls occured, and at lower gall density they 
faced an aggregated distribution, which mean that 
most galls appeared only on a few hosts. This in-
verse density dependence was also found in the 
case of the gall wasp Andricus quercuscalicis (Hails 
& Crawley 1992), although they found density de-
pendence, the inverse density dependence was 
preponderant. Additionally, in the case of her-
bivorous insects, density dependence was found 
to be more likely due to a source acting from 
lower trophic level (as plant trait) than from above 
(Stiling 1988). The prevalence of galls showed the 
same effects of rose host shrub density and aggre-
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gation as their density. As the density of host 
shrubs decreased the prevalence of galls increased. 
Positively related gall survival with plant growth 
may increase the prevalence of galls (Price et al., 
1987, Craig et al. 1989, Abrahamson & Weis 1997). 

When the host shrub is abundant, gall wasps 
can choose between host shrubs with different ar-
chitectures, and may use with more advantage the 
simpler ones. If the host shrubs are rare, the para-
sites have no opportunity to choose between them; 
therefore, all available hosts are used, even in that 
case when the probability of failure is greater. 
These former predictions fit well to our results 
that at high rose host density, galls are scarce and 
aggregated; and that at low rose host density, galls 
are plenty and evenly distributed. These predic-
tions involve the plant architecture hypothesis 
which is not supported here. 

When the habitat is optimal for rose shrubs 
(resource availability hypothesis) their abundance 
increases and their spatial distribution becomes 
uniform. The uniform distribution may be the 
consequence of the adjustment to an optimal dis-
tance between rose shrubs. The exceptions from 
the uniform spatial distribution could form the 
disadvantageous islands (patches) in the combat 
against gall wasps. This is supported by the result 
of Abrahamson & Weis (1997), who confirmed 
that gall-makers show active host selection in high 
density patches of hosts, while in case of low host 
abundance there is no host selection. This is why 
at low host abundance the distribution of rose 
galls is uniform. If the habitat is characterized by 
suboptimal parameters from the view of rose 
shrubs the mean abundance of shrubs is low and 
their distribution is aggregate; therefore, their ar-
chitecture is simple and the spatial distribution of 
galls is uniform. 

In a former paper (László & Tóthmérész 2007) 
we made a prediction for the host-choice of the 
gall wasps D. rosae based on the plant architecture 
hypothesis linked with host plant fitness. We 
stated that the relationship between gall and host 
distribution pattern and host architecture stands if 
the mean fitness of shrubs linked with architecture 
is higher at low density habitats, where they ap-
pear aggregated, and lower at high density habi-
tats, where they appear uniformly distributed. 
This statement is contradictory with the findings 
of Stoll & Prati (2001) and Raventós et al. (2010), 
but it is based on the significant negative correla-
tion between shrub density and shrub size (László 
& Tóthmérész 2007). However, this latter state-

ment is not supported by the present study, as nei-
ther was supported the relationship between den-
sity of galls and shrub size. Thus, we can’t support 
the prediction of Stoll & Prati (2001) and Raventós 
et al. (2010). 

This means that a fitness component of the re-
lationship between rose host shrub spatial distri-
bution pattern and D. rosae gall density, and dis-
tribution pattern on hosts may not be measured by 
the size of shrubs. Other characteristics that could 
be measured easily on rose shrubs under field 
conditions could be the mean diameter, number of 
shoots, or the number of rosehips, mean number 
of seeds in rosehips. Until other characteristics, 
which could describe in an appropriate manner 
the fitness of rose shrubs, were investigated; we 
can not conclude that the fitness of host shrubs 
does not represent as a contributing factor to the 
distribution of galls on host plants. Therefore, it 
can be stated that the diameter and height of rose 
shrubs are not appropriate characteristics for as-
sessing fitness. Hence we retain the hypothesis 
that D. rosae has a higher preference of shrubs 
with a simpler architecture. 
 
 
 
Acknowledgements. The work of Z. László was 
supported by CNCSIS-UEFISCSU, project number PN II-
RU 413/2010. B. Tóthmérész was supported during the 
manuscript preparation by the TÁMOP 4.2.1./B-
09/1/KONV-2010-0007 project. The TÁMOP project is 
implemented through the New Hungary Development 
Plan, co-financed by the European Social Fund and the 
European Regional Development Fund. 
 
 
 
References 
 
Abrahamson, W.G., Weis, A.E. (1997): Evolutionary ecology across 

three trophic levels. Goldenrods, gallmakers, and natural 
enemies. Princeton University Press, Princeton, NJ. 

Altizer, S., Harvell, D., Friedle, E. (2003): Rapid evolutionary 
dynamics and disease threats to biodiversity. Trends in Ecology 
and Evolution 18: 589-596. 

Baddeley, A., Turner, R. (2005): Spatstat: an R package for 
analyzing spatial point patterns. Journal of Statistical Software 
12: 1-42. 

Coley, P.D., Bryant, J.P., Chapin, F.S. (1985): Resource availability 
and plant antiherbivore defense. Science 230: 895-899. 

Cornelissen, T.G., Stiling, P. (2006): Responses of different 
herbivore guilds to nutrient addition and natural enemy 
exclusion. Ecoscience 13: 66-74. 

Craig, T.P., Itami, J.K., Price, P.W. (1989): A strong relationship 
between oviposition preference and larval performance in a 
shoot-galling sawfly. Ecology 70: 1691-1699. 

Crawford, K.M., Crutsinger, G.M., Sanders, N.J. (2007): Host- plant 
genotypic diversity mediates the distribution of an ecosystem 
engineer. Ecology 88: 2114-2120. 



Plant aggregation effects on Bedeguar gall distribution 
 

 

117

Cressie, N. (1993): Statistics for Spatial Data. John Wiley & Sons 
Inc., New York. 

Cronin, J.T., Strong, D.R. (1999): Dispersal-dependent oviposition 
and population dynamics of a host and parasitoid. American 
Naturalist 154: 23-36. 

Egan, S.P., Ott, J.R. (2007): Host plant quality and local adaptation 
determine the distribution of a gall-forming herbivore. Ecology 
88: 2868-2879. 

Ferreira, J.O. (2008): GPS TrackMaker for Windows v. 13.5. 
<http//:www.gpstm.com.br> accesed at September 5, 2010. 

GRASS Development Team (2010): Geographic Resources Analysis 
Support System (GRASS) Software, Version 6.4.0. Open Source 
Geospatial Foundation. <http://grass.osgeo.org>. 

Grime, J.P. (1979): Plant Strategies and Vegetation Processes. John 
Wiley and Sons, New York, USA. 

Gripenberg, S., Roslin., T. (2005): Host plants as islands: resource 
quality and 17 spatial setting as determinants of insect 
distribution. Annales Zoologici Fennici 42: 335-345. 

Hails, R.S., Crawley, M.J. (1992): Spatial density dependence in 
populations of a cynipid gall-former Andricus quercuscalicis. 
Journal of Animal Ecology 61: 567-583. 

Janzen, D.H. (1968): Host plants as islands in evolutionary and 
contemporary time. American Naturalist 104: 501-528. 

Koricheva, J., Larsson, S., Haukioja, E. (1998): Insect performance 
on experimentally stressed woody plants: a meta-analysis. 
Annual Review of Entomology 43: 195-216. 

Lara, D.P., Oliveira, L.A., Azevedo, I.F.P., Xavier, M.F., Silveira, 
F.A.O., Carneiro, M.A. Alves, Fernandes, G.W. (2008): 
Relationships between host plant architecture and gall 
abundance and survival. Revista Brasileira de Entomologia 52: 
78-81. 

László, Z., Tóthmérész, B. (2007): Rózsacserjék (Rosa spp.) térbeli 
mintázatának hatása a Diplolepis rosae általi parazitáltságra. 
[Spatial pattern and parasitisation of rose shrubs (Rosa spp.) by 
Diplolepis rosae]. Természetvédelmi Közlemények 13: 233-240. [in 
Hungarian]. 

Lawrence, R., Potts, B.M., Whitham, T.G. (2003): Relative 
importance of plant ontogeny, host genetic variation, and leaf 
age for a common herbivore. Ecology 84: 1171-1178. 

Lawton, J.H. (1983): Plant architecture and the diversity of 
phytophagous insects. Annual Review of Entomology 28: 23-29. 

McIntyre, P.M., Whitham, T.G. (2003): Plant genotype affects long-
term herbivore population dynamics and extinction: 
conservation implications. Ecology 84: 311-322. 

Poulin, R. (1993): The disparity between observed and uniform 
distributions: a new look at parasite aggregation. International 
Journal for Parasitology 23: 937-944. 

Price, P.W., Fernandes, G.W., Waring, G.L. (1987): Adaptive nature 
of insect galls. Environmental Entomology 16: 15-24. 

Price, P.W. (1991): The plant vigor hypothesis and herbivore attack. 
Oikos 62: 244-251. 

Price, P.W. (2000): Host plant resource quality, insect herbivores 
and biocontrol. pp. 583-590. In: Spencer, N.R. (ed.), Proceedings 
of the X International Symposium on Biological Control of 
Weeds, 4-14 July 1999. Montana State University, Bozeman, 
Montana, USA. 

Price, P.W. (2003): Macroevolutionary theory on macroecological 
patterns. Cambridge University Press. New York, NY. 

R Development Core Team (2010): R: A Language and 
Environment for Statistical Computing. R Foundation for 
Statistical Computing, Vienna, Austria. 

Rand, T.A., Louda, S.M. (2006): Invasive insect abundance varies 
across the biogeographic distribution of a native host plant. 
Ecological Applications 16: 877-890. 

Raventós, J., Wiegand, T., Luis, M.D. (2010): Evidence for the 
spatial segregation hypothesis: a test with nine-year 
survivorship data in a Mediterranean shrubland. Ecology 91: 
2110-2120. 

Rékási, J., Rózsa, L., Kiss J.B. (1997): Patterns in the distribution of 
avian lice (Phthiraptera: Amblycera, Ischnocera). Journal of 
Avian Biology 28: 150-156. 

Rózsa, L., Reiczigel, J., Majoros, G. (2000): Quantifying parasites in 
samples of hosts. Journal of Parasitology 86: 228-232. 

Rózsa, L., Rékási, J., Reiczigel, J. (1996): Relationship of host 
coloniality to the population ecology of avian lice (Insecta: 
Phthiraptera). Journal of Animal Ecology. 65: 242-248. 

Sandin, S.A., Pacala, S.W. (2005): Fish aggregation results in 
inversely density-dependent predation on continuous coral 
reefs. Ecology 86: 1520-1530. 

Schönrogge, K., Stone, G.N., Crawley, M.J. (1995): Spatial and 
temporal variation in guild structure – parasitoids and 
inquilines of Andricus quercuscalicis (Hymenoptera, Cynipidae) 
in its native and alien ranges. Oikos 72: 51-60. 

Stiling, P. (1988): Density-dependent processes and key factors in 
insect populations. Journal of Animal Ecology 57: 581-593. 

Stiling, P.D., Strong, D.R. (1982): Egg density and the intensity of 
parasitism in Prokelisia marginata (Homoptera, Delphacidae). 
Ecology 63: 1630-1635. 

Stille, B. (1984): The effect of host plant and parasitoids on the 
reproductive success of the parthenogenetic gall wasp Diplolepis 
rosae (Hymenoptera: Cynipidae). Oecologia 63: 364-369. 

Strong, D.R., Lawton, J.H., Southwood, R. (1984): Insects on plants: 
community patterns and mechanisms. Blackwell Scientific. 
Oxford. England. 

Stoll, P., Daniel, P. (2001): Intraspecific aggregation alters 
competitive interactions in experimental plant communities. 
Ecology 82: 319-327. 

Underwood, N., Rausher, M.D. (2000): The effects of host-plant 
genotype on herbivore population dynamics. Ecology 81: 1565-
1576. 

Visser, J.H. (1988): Host-plant finding by insects: orientation, 
sensory input and search patterns. Journal of Insect Physiology 
34: 259-268. 

White, T.C.R. (1984): The abundance of invertebrate herbivory in 
relation to the availability of nitrogen in stressed food plants. 
Oecologia 63: 90-105. 

 
 

 

 
 




