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Fishing spider: evolutionary 
by-product 

Sexual cannibalism, per se, need not 
be adaptive for either sex. In a recent 
study of the fishing spider, Arnqvist and 
Henriksson4 argue that sexual cannibal- 
ism is a by-product of strong selection for 
female 'rapacity', or willingness to attack 
prey items. In this species, female fecun- 
dity is determined by the size that the 
female achieves in her final juvenile instar 
rather than as an adult. Rapacious females 
are likely to eat more, grow larger as ju- 
veniles, and subsequently be more fecund 
as adults than are less-rapacious females. 
Arnqvist and Henriksson hypothesize that 
a correlation between juvenile and adult 
rapacity accounts for sexual cannibalism 
in this species. Rapacious females of this 
species evidently gain little by being can- 
nibalistic as adults; cannibalistic females 
do not become more fecund, and they suf- 
fer low fertilization rates. Male D. fimbriatus 
show no signs of complicity, and presum- 
ably do not benefit from sexual cannibal- 
ism. Thus the behavior is not likely to be 
adaptive for either sex in D. fimbriatus. 

Although the assumptions of Arnqvist 
and Henriksson's model have still to be 
tested, no other study has explored non- 
adaptive explanations of sexual cannibal- 
ism. The obvious effects of sexual canni- 
balism on male mating success and female 
fecundity have perhaps biased our view of 
why sexual cannibalism exists. As Arnqvist 
and Henriksson4 point out, sexual canni- 
balism may be an incidental by-product of 
selection on suites of correlated traits such 
as predation, territoriality or aggression. 

Researchers should bear this in mind when 
exploring the origin and maintenance of 
this phenomenon. 

Sexual cannibalism can have two po- 
tentially large effects on fitness that have 
made it particularly prone to adaptive ex- 
planations: it limits male future mating 
success to zero, and it increases female 
fecundity. Researchers have explored 
these aspects almost to the exclusion of 
all others. The recent work on Australian 
redback shiders and on fishing spiders 
opens the door to new lines of inquiry. 
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Can adaptive dynamics invade? 

E ver since Haldane, Fisher and Wright 
laid the foundations for the Modern 

Synthesis of the 1930s, the pending inte- 
gration of population ecology and evolu- 
tionary genetics has been debated. Pro- 
gress in this direction proved difficult as it 
is not straightforward to incorporate eco- 
logically realistic assumptions, for ex- 
ample, regarding density dependence or 
interspecific interactions, into population 
genetic analyses. When trying to do so, the 
resulting genetic models quickly become 
intractable. 

The emerging field of adaptive dy- 
namics sets out to provide additional in- 
sights into the long-term dynamics of evo- 
lutionary and coevolutionary processes. 
Now, detailed knowledge of population 
genetics, which reflects the chromosomal 
mechanisms of evolutionary change, can 
be complemented by a new framework 

for understanding the long-term conse- 
quences of phenotypic evolution. By trad- 
ing genetic for ecological detail, adaptive 
dynamics theory links the interactions of 
individuals through the dynamics of popu- 
lations to the evolution of communities. 
The adaptive dynamics approach goes 
beyond classical evolutionary game the- 
ory in several respects. It originates from 
two main lines of research: an extended 
classification scheme for evolutionarily 
stable strategies (Fig. I), and a network of 
evolutionary models linking classical evo- 
lutionary game theory to replicator dy- 
namics and individual-based ecological 
models (Fig. 2). An international group of 
scientists gathered last summer for a work- 
shop in the Matra mountains of Hungary 
to report and assess recent develop 
ments and open research topics in this 
new field. 

From mutant invasions to adaptive 
dynamics 

Interactions between individuals are 
bound to change the environments that 
these individuals live in. The phenotypic 
composition of an evolving population 
therefore affects its ecological environ- 
ment, and this environment in turn deter- 
mines the population dynamics of the 
individuals involved. It is this setting of 
resident phenotypes that mutant pheno- 
types must invade for long-term evolution 
to proceed. Whether or not such an event 
may occur can be decided by the invasion 
functions of adaptive dynamics: if the ini- 
tial exponential growth rate of a small mu- 
tant population in an established resident 
population (a rate that one obtains as a 
Lyapunov exponent) is positive, the mu- 
tant phenotype has a chance to replace 
the former resident phenotypet-3. 

Once the invasion function of the evolv- 
ing system is known, painvise invasibility 
plots can be constructed4-7,'s. In the sim- 
plest case, mutant and resident pheno- 
types are distinguished by a single metric 
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character or quantitative trait. When plot- 
ting the sign of the invasion function for 
each of the possible combinations of mu- 
tant and resident phenotypes, the shape 
of a zero contour line becomes visible 
(see Fig. 1). This line separates regions of 
potential invasion success from those of 
invasion failure, and its shape carries im- 
portant information about the evolution- 
ary process6J. In particular, possible end 
points of the process are located at those 
resident phenotypes where a zero con- 
tour line and the 45-degree line intersect. 

In characterizing such potential end 
points (also called singular points), classi- 
cal evolutionary game theory emphasizes 
a single, fundamental dichotomy: either 
the resident phenotype is an evolution- 
arily stable strategy (ESS) or it is not. In 
the former case, no mutant phenotype has 
a chance to invade into the resident popu- 
lation. In contrast, adaptive dynamics 
uses an extended classification scheme in 
which four different questions are tackled 
simultaneously: 
(1) Is a singular phenotype immune to 
invasions by neighboring phenotypes? 
This criterion amounts to a local version 
of the classical ESS condition. 
(2) When starting from neighboring phene 
types, do successful invaders lie closer to 
the singular phenotype? Here the attain- 
ability of a singular point is addressed, an 
issue that is separate from its invasibility. 
(3) Is the singular phenotype capable of 
invading into all its neighboring types? 
This would be the only way the phenotype 
at the singular point can be reached in a 
single mutation step. 
(4) If a pair of neighboring phenotypes lie 
either side of a singular phenotype, can 
they invade into each other? Assessing this 
possibility is essential for predicting co- 
existing phenotypes and the emergence of 
polymorphisms. 

All four questions are relevant when 
trying to understand the nature of poten- 
tial evolutionary end points. It is therefore 
remarkable how simple it is to obtain the 
four answers: all that is required is to take 
a look at the painvise invasibility plot and 
read off the slope of the zero contour line 
at the singular phenotype6J (see Fig. 1). 

Models of phenotypic evolution 
unified 

Many phenotypic models have been 
used to describe the dynamics of the evo- 
lutionary process. Within the adaptive 
dynamics framework, these disparate ap- 
proaches can be unified into a single net- 
work of linked descriptions839. Starting 
from an individual-based account of birth, 
death and mutation processes, a stochas- 
tic model for the evolving polymorphic 
frequency distributions of phenotypes is 
constructed (Fig. 2a). This dynamics can 
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Fig. 1. Paitwise invasibility plots and the classification of evolutionarily singular points. The adaptive dynamics 
invasion function of a particular ecological system defines a paitwise invasibility plot for resident and mutant 
phenotypes. When the invasion function is positive for a particular pair of phenotypes, the resident may 
be replaced by the invading mutant. Intersections of the invasion function's zero contour line with the 
45-degree line indicate potential evolutionary end points. Numbers (1) to (4) refer to the numbered ques 
tions featured in the main text. 

be applied either to a single population or 
to a community of coevolving populations. 
As the rates for birth, death and mutations 
are allowed to depend on any feature of 
these distributions, no limitations are im- 
posed as to the kind of interspecific or 
intraspecific interactions, and no type of 
density- or frequency-dependence in sur- 
vival or fecundity is excluded. 

From this model, which can be re- 
garded as a generalization of the classical 
replicator equations10 to nonlinear stochas- 
tic population dynamics with mutations, 
simplified models are derived. First, a 
reaction-diffusion approximation can be 
obtained for sufficiently large populations 
(Fig. 2b). Second, if the conventional sep- 
aration between the ecological and the 
evolutionary timescale is accepted, the 
evolutionary dynamics become mutation- 
limited and phenotypic distributions are 
monomorphic at most points in time (Fig. 
2c). The occurring phenotypic substitu- 
tions (although not their expected rates) 
can be understood using classical evolu- 
tionary game theory complemented by 
pairwise invasibility plots. Sequences of 
such transitions bring about a directed 
evolutionary random walk in the space of 
phenotypes. Third, if mutational steps are 
not too large, the essence of the substitu- 
tion process is captured by a deterministic 
dynamic (Fig. 2d). This dynamic provides 
an underpinning for a class of models in the 
literature that are based on time-variable 
adaptive topographiesll-13. 

Connections with genetics 
Adaptive dynamics theory predicts the 

existence of a type of evolutionary end 

points that, on closer examination, turn out 
not to be end points at al16J. Stefan Geritz 
and Hans Metz (University of Leiden, The 
Netherlands) opened discussions on the 
phenomenon of evolutionary branching: 
starting from one side of a singular point, 
successfully invading phenotypes at first 
converge closer and closer to that singular 
point. Eventually, however, mutants leaping 
across the point also commence to invade 
on the other side. The two branches of 
phenotypes on both sides of such a singular 
point, once established, can actually coex- 
ist and will start to diverge from each other. 

It has been suggested that the process 
of evolutionary branching could form the 
basis for an adaptation-driven speciation 
event6. However, only when going beyond 
a merely phenotypic description of the 
evolutionary process by incorporating gen- 
etic mechanisms, can two critical ques- 
tions be evaluated: 

Does the phenomenon of evolutionary 
branching persist when diploid genetics 
and sexual reproduction are introduced? 

Are there mechanisms that could cause 
genetic isolation of the evolving branches? 

Contributions at the workshop indi- 
cated that both questions can be answered 
affirmatively. Work by Stefan Geritz and 
Eva Kisdi (Eotvos University Budapest, 
Hungary) shows that when either repro- 
ductive compatibility between two types of 
individuals or migration rates between two 
spatial patches are evolving, evolutionary 
branching can develop for diploid, sexual 
populations. Michael Doebeli (University 
of Basel, Switzerland) and Ulf Dieckmann 
[International Institute for Applied Sys- 
tems Analysis (IIASA), Laxenburg, Austria] 
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Fig. 2. Generalized replicator dynamlcs and 
model reduction. Four types of models for phenc- 
typic evolution are unlfied into a single network of 
linked descrlptlons: (a) individual-based birth- 
death-mutation process (polymorphic and st* 
chastlc), (b) reactlon-diffusion model (polymor- 
phic and deterministic), (c) evolutionary random 
walk (monomorphic and stochast~c), (d) gradlent 
ascent on an adaptlve topography (monomorphic 
and deterministic). 

demonstrated that in a multi-locus gen- 
etic model an evolving degree of assorta- 
tive mating is sufficient to allow for evolu- 
tionary branching at those phenotypes 
predicted by adaptive dynamics theory. 

Other talks were also concerned with 
integrating phenotypic and genetic under- 
standing of evolutionary dynamics. Carlo 
Matessi [Institute of Genetics, Biochem- 
istry and Evolution, National Research 
Council (IGBE-CNR), Pavia, Italy] talked 
about the role of genetic canalization for 
selection in fluctuating environments. 
Tom van Dooren (University of Antwerp, 
Belgium) and Stefan Geritz presented 
methods for extending the analyses of 
pairwise invasibility plots to systems with 
diploid inheritance. 

Evolving ecologies 
The framework of adaptive dynamics 

is particularly geared to infer evolutionary 
predictions from ecological assumptions. 

Richard Law (University of York, UK) 
showed how asymmetric competition be- 
tween two ecological types can give rise 
to rich patterns of phenotypic coevolu- 
tion, including the evolutionary cycling of 
phenotypes9 - patterns that are not ex- 
pected from the simple presumption of 
character divergence. Guy Sella (Hebrew 
University, Jerusalem, Israel) and Michael 
Lachmann (Stanford University, CA, USA) 
analytically investigated the critical ef- 
fects of spatial heterogeneities in a grid- 
based Prisoner's Dilemma. Andrea Mathias 
(Eotvos University) showed how the evo- 
lution of germination rates in annual plants 
exposed to randomly varying environ- 
ments may result in two mixed strategies 
coexisting, and may induce a cyclic pro- 
cess of evolutionary branching and extinc- 
tion. Andrea Pugliese (University of Trento, 
Italy) presented an analysis of the coevo- 
lutionary dynamics of viruses and their 
hosts in which he explicitly allowed for 
within-host competition of viral strains. 
Vincent Jansen (Imperial College at Sil- 
wood Park, UK) examined whether the 
damping effect that a spatial population 
structure can have on predator-prey cy- 
cles could be expected to arise under the 
coevolution of migration rates. 

Adaptive dynamics in the wild 
Several participants discussed the 

interpretation of empirically observed pat- 
terns in terms of adaptive processes. Paul 
Marrow (University of Cambridge, UK) 
showed experimental data on the distri- 
bution of offspring numbers in Soay sheep 
and studied whether variation with phene 
typic state or population density could be 
understood as an outcome of optimized r e  
productive strategies. John Nagy (Arizona 
State University, USA) analyzed the adap- 
tive dynamics of dispersal behavior in 
metapopulations of pika. Ido Pen (Univer- 
sity of Groningen, The Netherlands) evalu- 
ated a set of competing adaptive expla- 
nations for the seasonal sex-ratio trend 
observed in the kestrel by devising a life 
history model of the kestrel population and 
predicting the adaptive change by means 
of invasion functions. Mats Gyllenberg 
(University of Turku, Finland) analyzed 
the extent to which the predator-prey 
cycles observed for voles and weasels in 
Northern Fennoscandia can be under- 
stood as a result of a predator-induced 
evolution of suppressed reproduction in 
the prey. 

Remaining challenges 
Mikko Heino (University of Helsinki, 

Finland) and G6za MeszCna (Eotvos Univer- 
sity) independently reported findings that 
demonstrate the importance of environ- 
mental dimensionality. The environment 
closes the feedback loop from the 'current 

phenotypic state' to 'changes in this 
state'. How many variables are necessary 
to characterize this feedback? How can its 
dimensionality be assessed empirically? 
Issues of this kind appear likely to become 
more important in our understanding of 
adaptive outcomes than they are today. 

Odo Diekmann (University of Utrecht, 
The Netherlands) and Sido Mylius (Leiden 
University) have analyzed the evolution of 
reproductive timing in salmon. Their model 
seems to show that adaptive dynamics in- 
vasion functions cannot always be ob- 
tained from the growth rates of mutants 
when mutants are rare. The question is 
under which conditions can attention re- 
main focused on initial invasion dynamics 
when predicting phenotypic substitutions? 
The invasion-oriented approach to pheno- 
typic evolution has already succeeded in 
advancing our understanding substan- 
tiallyl4, but its limitations still have to be 
evaluated in more detail. 

Hans Metz, Stefan Geritz and Frans 
Jacobs (Leiden University) are exploring 
the options of building a bifurcation theory 
of ESSs. Similar to the bifurcation theory 
of ordinary differential equations, such a 
framework could enable qualitative p r e  
dictions of evolutionary outcomes that 
are robust under small alterations in the 
underlying ecological settings. Although 
encouraging results for one-dimensional 
phenotypes are already available, a gen- 
eral account of evolutionary bifurcations 
is pending. 

With problems of this kind unsolved 
but now tractable, adaptive dynamics re- 
search promises to remain a fertile ground 
for innovative ideas on evolution, coevo- 
lution and complex adaptation in the years 

I 

to come. ~ 
Ulf Dieckmann 1 
International Institute for Applied Systems 
Analysis, A-2361 Laxenburg, 
Austria 
(dieckman@iiasa.ac.at) 
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The World Conservation Congress 

F or the first time since its foundation, 
nearly 50 years ago, the General Assem- 

bly of the World Conservation Union did 
not hold its customary triennial meeting. 
Instead, on the date of what would have 
been its 20th session, the first World Con- 
servation Congress was held in Montreal, 
Canada on 13-23 October, 1996 (the World 
Conservation Union is better known by the 
acronym IUCN, from its previous name, 
International Union for the Conservation 
of Nature and Natural Resources). 

Founded in 1958, the IUCN currently 
stands 880-plus members strong. Although 
itself a non-governmental organization 
(NGO), the IUCN has a membership that is 
unique among international organizations, 
in that both governments and NGOs can 
join. This creates an unmatched discus- 
sion forum, where the most disparate con- 
tenders in almost any environmental cause 
can meet and seek common ground. This 
forum for compromise is crucial, given 
the vastness of the IUCN's stated mission: 
'to influence, encourage and assist soci- 
eties throughout the world to conserve 
the integrity and diversity of nature and to 
ensure that any use of natural resources is 
equitable and ecologically sustainable''. 

This first session of the World Con- 
servation Congress was characterized by 
its diversity. Over 1400 delegates from 144 
countries - representing 73 governmental 
agencies, 407 national NGOs and 34 inter- 
national NGOs - rushed for two weeks 
between the numerous auditoriums of the 
Palais des CongrCs, where the meeting was 
held. Also present were 265 members of 
the press and 1150 workshop participants. 
As indicated by Al Gore, Vice-President of 
the United States, in his letter addressed to 
the Congress, '[this was] the largest inter- 
national environmental conference since 
the Rio Earth Summit [in 19921'. 

As the Union has grown, equitable r e p  
resentation has become one of its main 

concerns. Although about half of the mem- 
bership is from developing and transitional 
countries, and IUCN's regional offices are 
distributed throughout the world, many 
more delegates from developed coun- 
tries took the floor and spoke at the World 
Conservation Congress than did their col- 
leagues from developing nations. It is 
clear, however, that the IUCN is moving 
toward equitable representation. Yolanda 
Kakabadse, who until recently was Ex- 
ecutive Director of the Quito-based NGO, 
Fundaci6n Futuro Latinoamericano, was 
elected President of the IUCN for the next 
term, and is the first woman, the first 
Spanish speaker and the first Latin Arneri- 
can ever to hold this post. 

Among the many important events at 
the Congress was the incorporation of 
China as a member of the IUCN. As has 
been well-publicized by the international 
media, China's economy is growing at a 
faster rate than any other in the world 
and, as the most populous of all nations 
(with 1.2 billion people), China's economic 
development will have a significant impact 
on natural resources at both the national 
and global level. In addition, China is one 
of the 'megadiverse' countries, containing 
10% of all known plant and animal species. 
It is not surprising, therefore, that China's 
IUCN membership created so much ex- 
pectation. With the entry of Japan as a 
full state member in 1995, the IUCN now 
includes all of the largest players in the 
world's economy. 

The impact of ex situ economic press- 
ures on resources was emphasized by 
Bernardo Ortiz, IUCN Coordinator for 
National Parks in Latin America, who 
pointed out that 'in the name of globaliz- 
ation, [our region] is selling its raw natural 
resources, and there are no local defend- 
ers - because it has not been possible, or 
perhaps no one has really tried, to inte- 
grate rural populations.' He noted the 
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need for us to ask: for whom are we con- 
serving? Ortiz then asserted that the only 
way to strengthen protected areas and 
assure the long-term persistence of natu- 
ral resources is to empower local people, 
offer training for day-to-day resource man- 
agement, and encourage sustainable uses. 

The case for the 'right to  use' natural 
resources was put forward perhaps most 
compellingly by the Inuit, inhabitants of 
the northernmost portions of the globe, 
many within the boundaries of Canada. For 
thousands of years they have harvested 
wildlife as a source of food, clothing, fuel 
and raw materials for artwork, but today 
their livelihood is threatened by animal 
rights activists. At the World Conservation 
Congress, they sought support from IUCN 
and its members. Jeffrey McNeely, IUCN's 
Chief Scientist, succinctly summarized the 
plight of the Inuit and other indigenous 
peoples: 'local people are angry at people 
living far away making decisions for them'. 
In recognition of this, IUCN members chose 
not to endorse an animal rights organiz- 
ation - an opponent of the Inuit's practices 
- that requested entry to the Union. The 
strongest support for the Inuit's cause, 
however, came from the Canadian govern- 
ment. At the opening ceremony, Prime 
Minister Jean ChrCtien announced the c r e  
ation of two new national parks in the Arc- 
tic, totalling nearly 60 000 km2. The Inuit 
share jurisdiction over this land and will 
participate in the parks' management. 

The main difference between the for- 
mat of previous IUCN General Assemblies 
and this first World Conservation Con- 
gress was a series of workshops that, for 
the first time, were open to the general 
public. Clearly, the initiative was a suc- 
cess, as almost half of the people who at- 
tended the Congress did so to take part in 
the workshops. Whether the expectations 
of these participants were met, however, 
is a more open question. 

A total of 47 workshops were held, 
ranging in topic from greening national 
accounts, to managing wildlife for sustain- 
able use, reaching target audiences, and 
changing human behavior. It would be 
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