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SOUHRN

Dizertacni pridce obsahuje pét kapitol. Prvni Ctyfi kapitoly jsou vénovany nékolika
aspektliim makroekologie evropského hmyzu, jako jsou geografické a Casové patrnosti
druhového bohatsvi. Patd kapitola zkoumd nékteré makroekologické charakteristiky
populac¢ni dynamiky v rdmci neutrdlni teorie biodiverzity. Dizertace je opatfena
uvodem, ktery se vénuje zejména metodickym problémim spoleCnym pro vétSinu
kapitol.

V Kapitolach I a II jsem se zabyval rozmisténim druhového bohatstvi
pestfenek (Insecta: Diptera: Syrphidae) a vazek (Insecta: Odonata) napti¢ Evropou.
Obé prace ukazuji absenci jednoduchého poklesu druhového bohatstvi od jihu
k severu. Druhové nejbohatSi jsou horské oblasti kolem Stfedozemniho mofe, od
kterych smérem na jih a na sever diverzita klesd. V obou piipadech se jako dulezité
proménné vysvétlujici druhové bohatstvi ukazuji byt energetické aspekty klimatu,
kombinované s limitujicim vlivem dostupnosti vody. V piipad¢ vazek jsem rovnéz
testoval metabolickou teorii biodiverzity, kterd predpovida specificky vztah mezi
teplotou a druhovym bohatstvim. Ukézalo se, Ze podle predikci metabolické teorie se
diverzita chova jen v nékolika malo oblastech severni Evropy. Tyto vysledky souzni
se studiemi provadénymi na jinych skupindch organismi a podtrhuji, Ze na velkych
postglacidlni historie nebo rozmanitost krajinného pokryvu.

Pestienky mi navic diky rozmanitosti svych zivotnich strategii poskytly
prilezitost pro zkoumdni geografickych trendl diverzity v rdmci riznych funkénich
skupin. Tyto trendy se napfi¢ funkénimi skupinami liSi a nékdy mohou byt az
necekané odlisné od toho, co zndme u jinych skupin organismt. Napiiklad velké
saprofdgni pestienky vykazuji prevraceny gradient druhového bohatstvi podél
zemepisné Sitky (tedy nértst k severu), zatimco fytofdgni, saprofytické a nékteré
saproxylické pestfenky vykazuji pokles diverzity k severu.

To nardzi na zajimavou otdzku, totiz jak moc jsou znamé makroekolgické jevy
univerzalni, pokud plati jen pro urcitd taxonomickd vymezeni (tzv. problém taxonové
invariance).

Vyse uvedené studie byly provedeny pomoci dvou odliSnych typii dat.
Zatimco véazky jsem zkoumal pomoci kvadréatii o konstantni velikosti, pro mapovani

rozmisténi diverzity pestfenek jsem pouzil regiondlni druhové seznamy, tzv.



checklisty. Oba piistupy jsou v makroekologii béZn¢ pouZzivané, avSak dosud nikdo
nezkoumal, zda je vyuZivani regiondlnich checklisti legitimni metoda pro
makroekologické analyzy. V Kapitole III jsem se proto pokusil zjistit, zda pouZiti
checklistil (variabilni rozloha a tvar zkoumané oblasti) vede ke stejnym modelim
vysvétlujicim rozloZzeni druhového bohatstvi, jako pouziti kvadrati (konstantni
rozloha a tvar oblasti). Pouzil jsem data o motylech a vazkach, protoze pro n¢ existuji
jak detailni informace o rozsifeni jednotlivych druhii, tak spolehlivé regiondlni
checklisty. Zjistil jsem, Ze metoda checklisti fungovala dobfe u motyll, ale
vykazovala zavadéjici vysledky u vazek. Navzdory tomu, Ze jde o metodu bézné
pouzivanou, nemiiZze byt povazovana za spolehlivou. Tim jsem zdroven ponéckud
oslabil divéryhodnost zavért své studie o pestfenkach (Kapitola I).

Kapitola IV je pokusem o dynamickou makroekologii, tj. o zkoumdni
prabéhu diverzity v Case, a to na né¢kolika prostorovych skalach najednou. Na piikladu
britskych a nizozemskych pestfenek jsem prokazal, Ze na konci dvacatého stoleti
skutecné doslo ke zmén¢€ druhového bohatstvi v ase. Zaroven jsem ukdzal, Ze mira a
smér této zmeny jsou zavislé na prostorovém méfitku, na kterém zménu zkoumame.
To znamend, Ze nedochazi jen ke zmén¢ diverzity jako takové, ale také ke zméené [3-
diverzity (resp. ke zmén¢ sklonu vztahu mezi rozlohou oblasti a poctem druht).
Zejména dulezité jsou vysledky analyzy nizozemskych dat (diky jejich dobré kvalit¢),
které ukazaly, Ze zvySeni diverzity v ¢ase na jemnych Skdlach nevede nutné k naristu
diverzity na hrubych Skalach. Zavéry cCtvrté kapitoly mimo jiné naznacuji, jak
omezeny je potencidl studii, které dokumentuji dbytek nebo nértst druhového
bohatstvi pouze na jednom prostorovém méfitku.

Kapitola V se tematicky pon¢kud vymyka zbytku price - zkoumd sice
makroekologicky fenomén, tentokrat v§ak nikoli druhovou rozmanitost, ale populaéni
casové tady jednotlivych druht, a to v rdmci tzv. neutrdlniho modelu biodiverzity.
Neutrdlni model simuluje fungovéni ekologickych spolecenstev, ve kterych jsou
jedinci z hlediska svych vlastnosti povaZovani za ekvivalentni a ve kterém je veSkera
dynamika disledkem nahodnych disturbanci, kolonizaci a ndhodné speciace.
Z ptirody bézné¢ zndme tii charakteristiky populacnich Casovych fad. Jsou to (1)
mocninny vztah mezi primérnou velikosti populace a mirou jeji fluktuace (tzv.
Taylorv mocninny zdkon), déle (2) specificky vztah mezi frekvenci a spektrdlni
denzitou (takzvand ,barva® spektra) a (3) jev zndmy jako hustotni zavislost

populacnich fluktuaci. Zkoumal jsem, zda neutrdlni model dovede reprodukovat tyto



charakteristiky tak, jak je zndme z pfirody. Ukézalo se, Ze Casové fady v nasem
neutrdlnim modelu fluktuovaly mén¢, nez jak pozorujeme v redlu. To bylo vidét
zejména na jejich spektralnich vlastnostech - neutrdlni ¢asové fady byly bliZze ndhodné
prochdzce (tzv. hnédy Sum) neZ ptirodni populace, které lezi blize naCervenalému az
bilému Sumu. Ziaroven se ukézalo, Ze neutrdlni Casové fady mohou vykazovat
zdanlivou hustotné zavislou regulaci, kterd je vSak pouhym dusledkem ndhodné
migrace jedincl mezi spoleCenstvy. Vztah mezi velikosti populace a mirou jeji
fluktuace mél sice podobny sklon, jaky pozorujeme v piirod¢, ale vztah byl mnohem
volngjsi. Prestoze neutrdlni model nedokézal reprodukovat jevy znamé u ptirodnich
populaci zcela dokonale, stidle fungoval 1épe neZ klasickd ndhodnéd prochdzka, coz

ukazuje, Ze by mohl byt dobrym nulovym modelem pro populaé¢ni ekologii.

Podrobnosti k jednotlivym kapitoldm jsou uvedeny v nésledujicim seznamu abstrakta

(pouze v anglickém jazyce).



SUMMARY

The dissertation thesis contains four original chapters dealing with macroecology of
European insects. In particular, these chapters study geographic and temporad patterns
of species richness. The fifth chapter deals with some macroecological characteristics
of population dynamics within the Neutral Theory of Biodiversity. There is also an
introductory part which is concerned mostly with methodical problems common to
most of the chapters.

Chapters I and II study distribution of species richness of hoverflies (Insecta:
Diptera: Syrphidae) and dragonflies (Insecta: Odonata) across Europe. Both chapters
show that there is an absence of simple latitudinal gradient with species richness
decreasing towards the North Pole. The most species rich are mountainous areas
around the Mediterranean Sea, from which species richness decreases both
northwards and southwards. The most important environmental variables explaining
species richness in both groups were energetic aspects of climate, combined with
limiting influence of water availability. In the case of dragonflies I also tested the
predictions of Metabolic Theory of Biodiversity (MTB) which predicts specific
relationship between temperature and species richness. Only a few areas in northern
Europe showed distribution of species richness concordant with MTB. These results
are in accord with other published studies that were conduced on different groups of
organisms. They are also concordant with general notion that, at large geographic
scales, the influence of climate on species diversity is more important than the
influence of post-glacial history or land cover.

Hoverflies are conspicuous for the variety of their life histories. This enabled
me to explore the geographic patterns of species diversity within different functional
groups. These patterns varied across functional groups and, in some cases, were
surprisingly different from what we know in other groups of organisms. For example,
large saprophagous species showed inversed gradient of species richness with latitude
(i.e. northward decrease). On the other hand, phytophagous, saprophytic and some
saproxylic hoverflies showed poleward increase of species richness. This leads to an
interesting question: to what extent are the known macroecological patterns universal
if they are valid only for particular taxonomic delimitations (the so called “problem of

taxonomic invariance’)?



The abovementioned studies were performed using two different sources of
data. The geographic patterns of dragonflies were explored by using gridded data with
equal-area and equal-shape grid cells. On the other hand, the patterns of hoverflies
were studied by using species checklists of regional administrative units. Both
approaches are common in macroecology, however, nobody has yet tested if the using
of the checklists is a legitimate method for analyses of diversity patterns. Hence, in
the Chapter III I asked if species lists give results comparable to the gridded data
when used in simple macroecological analysis of correlates of species richness.
Because of the reliable distributional data, I used European hoverflies and dragonflies
for the exercise. Analysis of the butterfly checklist data produced comparable results
to the analysis of the gridded data. In contrast, the dragonfly checklist data performed
poorly. This indicates that the checklist method can not be considered as generally
reliable, although it is broadly used. These results also partly weakened reliability of
the conclusions of my Chapter 1.

Chapter IV explores a dynamic approach in macroecology. It studies
temporal trends of species richness at several spatial scales. On the example of British
and Dutch hoverflies I showed that, at the end of the 20t century, there was a real
change of species richness in time. At the same time, direction and magnitude of this
change depended on the spatial scale. This means that we witness not only the change
of diversity but also a change of B-diversity (i.e. change of the slope of the species-
area relationship). Especially the results from The Netherlands seem to be credible
(because of the good data quality) — they showed that the observed increase of species
diversity at small scales does not have to lead to an increase at large scales. The
results indicate that explicit considerations of spatial scale are essential in studies
documenting past biodiversity change, or projecting change into the future.

The subject of Chapter V is slightly different from the rest of the thesis.
Although it also deals with a macroecological phenomenon, it does not focus on
species diversity but rather on population time series of individual species within the
framework of the Neutral Theory of Biodiversity. The Neutral Theory considers
dynamics of ecological communities in which everything is a consequence of random
disturbances, colonisations and random speciation. We know three characteristics of
natural time series that appear to be quite universal. These are: (1) power relationship
between mean population size and the rate of its fluctuations (Taylor’s Power Law),

(2) specific relationship between frequency and spectral density (the so-called



“spectral colour”) and phenomenon known as density dependent regulation of
population fluctuations. I asked if the Neutral Model is able to reproduce these
qualities in the same way as we know them from natural time series. I showed that
time series in our model fluctuated less than what we observe in real world. This was
apparent because of their spectral properties: the neutral time series were closer to a
random walk dynamics (brown noise) than the natural ones which lie more in the
region of reddened or white noise. I also showed that the neutral time series can show
spurious density dependence because of the random migration between local
communities. Finally, the slope of the Taylor’s Power Law in the model was similar
to the slopes observed in nature, but the fit of the power law was worse. Although the
neutral model could not reproduce the natural patterns perfectly it still worked better
than ordinary random walk model. This suggests the neutral model would be a good

null model for the future studies in population ecology.

For more details, see abstracts of the studies below.



ABSTRACTS OF INDIVIDUAL CHAPTERS IN THE THESIS

Souhrny jednotlivych clanku v disertacni prdci (pouze anglicky)

Chapter I

Keil P., Dziock F. & Storch D. (2008) Geographical patterns of hoverfly (Diptera,
Syrphidae) functional groups in Europe: inconsistency in environmental
correlates and latitudinal trends.

Ecological Entomology 33: 748-757.

1. Relationships between species richness in higher taxa and large-scale
environmental variables have been widely studied over the past 15 years. Much less is
known about how different functional groups (FGs) of species with similar biological
and life-history traits contribute to the overall trends, or how they differ in species
richness patterns.

2. Multivariate analysis clustered 641 species of Syrphidae into eight FGs on the basis
of 10 life-history features, revealing feeding strategy as the main factor separating the
groups.

3. Geographical trends in species richness and determinants of species richness within
the FGs were compared across Europe.

4. Total species richness showed no latitudinal trend. However, the richness of
individual FGs revealed variable relationships with latitude, including positive,
negative, and hump-shaped ones. This appeared to be related to how different
environmental factors affected species richness within FGs.

5. Functional groups differed in their responses to the environmental variables.
Annual temperature, evapotranspiration, and elevation span were the most important
variables separating the FGs in ordination analysis. The multiple regression models
showed further differences between FGs and their responses to the environment.

6. The FG approach revealed important inconsistencies in latitudinal diversity

gradients and diversity-climate relationships.



Chapter I1
Keil P., Simova 1., Hawkins B.A (2008) Water-energy and the geographical
species richness pattern of European and North African dragonflies (Odonata).

Insect Conservation and Diversity 1: 142-150.

1. Environmental correlates of broad-scale patterns of Odonata species richness were
studied in Europe and part of northern Africa using 220 x 220-km gridded data.
Relationships with 11 environmental variables were tested using multiple regression.
2. Two models were constructed: (i) for the entire data set covering both Europe and
northern Africa, and (ii) only for Europe.

3. Across both regions, actual evapotranspiration had the strongest relationship with
richness, followed by weaker associations of potential evapotranspiration (a concave
polynomial) and summer vegetation index (a positive linear relationship). Within
Europe the strongest predictor was a concave polynomial of potential
evapotranspiration, followed by vascular plant species richness (a positive
relationship) and annual precipitation (a concave polynomial).

4. A test of metabolic theory identified strong non-linearity in the temperature-
richness relationship, and geographically weighted regression indicated consistency
with the theory in a very limited part of Europe.

5. The results are most consistent with the hypothesis that broad-scale species
richness patterns are primarily determined by water—energy balance, similar to many

fully terrestrial insect groups.

Chapter I11
Keil P. & Hawkins B.A. (2009): Grids versus regional species lists: are broad-
scale patterns of species richness robust to the violation of constant grain size?

Biodiversity and Conservation 18: 3127-3137.

Where distribution maps do not exist ecologists often use regional species lists to
examine geographic patterns of species richness, despite the fact that inconsistent
grain sizes across areas may complicate interpretation of the results. We compare
patterns of species richness of European butterflies and dragonflies using regional

species lists (varying grain size) and regular grids (constant grain size). We asked if



species lists give results comparable to the gridded data when used in simple
macroecological analysis of environmental correlates of species richness. We
generated two equal-area grids (220 x 220 km and 440 x 440 km) to map the richness
gradients and model species richness as a function of actual evapotranspiration (AET)
and range in elevation. Then we used species checklists of 33 administrative regions
of unequal sizes to construct the same environmental models while accounting for
differences in area. Analysis of butterfly checklist data produced comparable results
to the analysis of gridded data. In contrast, dragonfly checklist data had a distorted
spatial pattern and much weaker associations with environmental variables than the
gridded data. The robustness of checklist data appears to be variable, even within a
single geographical region, and may not generate patterns congruent with those found

using equal-area grids.

Chapter IV

Keil P., Biesmeijer J.C., Barendregt A., Reemer M. & Kunin W.E. Biodiversity
change is scale-dependent: An example from Dutch and UK hoverflies (Diptera,
Syrphidae)

Submitted.

We test whether temporal species richness change (AS [%]) is scale-dependent, using
data on hoverflies from the UK and The Netherlands. We analysed AS between pre-
1980 and post-1980 periods using 5 grid resolutions (10x10, 20x20, 40x40, 80x80
and 160x160 km). We also tested the effect of data quality and of unequal survey
periods on AS estimates, and checked for spatial autocorrelation of AS estimates.
Using data from equal survey periods, we found significant increases in hoverfly
species richness in The Netherlands at fine scales, but no significant change at coarser
scales indicating a decrease in beta diversity. In the UK, AS was negative at fine scale,
near zero at intermediate scales, and positive at coarse scales, showing scale-
dependent dynamics and indicating increased beta diversity. The use of unequal
survey periods (using longer periods in the past to compensate for lower survey
intensity) tended to inflate past species richness, biasing AS estimates downwards.
High data quality thresholds sometimes obscured dynamics by reducing sample size,

but never reversed trends. There was little spatial autocorrelation of AS, implying that



local drivers (land use change or environmental noise) are important in hoverfly
dynamics. Our results indicate that explicit considerations of spatial (and temporal)
scale are essential in studies documenting past biodiversity change, or projecting

change into the future.

Chapter V
Keil P., Herben T., Rosindell J. & Storch D. (2010) Predictions of Taylor’s power
law, density dependence and pink noise from a neutrally modelled time series.

Journal of Theoretical Biology 256: 78-86.

There has recently been increasing interest in neutral models of biodiversity and their
ability to reproduce the patterns observed in nature, such as species abundance
distributions. Here we investigate the ability of a neutral model to predict phenomena
observed in single-population time series, a study complementary to most existing
work that concentrates on snapshots in time of the whole community. We consider
tests for density dependence, the dominant frequencies of population fluctuation
(spectral density) and a relationship between the mean and variance of a fluctuating
population (Taylor’s power law). We simulated an archipelago model of a set of
interconnected local communities with variable mortality rate, migration rate,
speciation rate, size of local community and number of local communities. Our
spectral analysis showed ‘pink noise’: a departure from a standard random walk
dynamics in favor of the higher frequency fluctuations which is partly consistent with
empirical data. We detected density dependence in local community time series but
not in metacommunity time series. The slope of the Taylor’s power law in the model
was similar to the slopes observed in natural populations, but the fit to the power law
was worse. Our observations of pink noise and density dependence can be attributed
to the presence of an upper limit to community sizes and to the effect of migration
which distorts temporal autocorrelation in local time series. We conclude that some of
the phenomena observed in natural time series can emerge from neutral processes, as
a result of random zero-sum birth, death and migration. This suggests the neutral

model would be a parsimonious null model for future studies of time series data.
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