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Parasite Systematics in the 21st Century: Opportunities
and Obstacles

Daniel R Brooks

Department of Zoology, University of Toronto, Toronto, ON M5S 3G5, Canada

Thanks to the phylogenetic systematics revolution, systematic parasitology is poised to make
significant contributions in tropical medicine and public health, biodiversity science, and evolutionary
biology. At the same time, the taxonomic impediment is acute within parasitology. Both systematists
and non-systematists must be interested in working towards common goals and establishing
collaborative efforts in order to re-vitalize and re-populate systematic parasitology.
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As we move into the 21st century, interest irdisasters on a global scale in the past (Jablonski
parasites has never been greater. Parasites a891). Whether we are faced with an acute crisis or
becoming recognized as significant players in tha chronic condition, the proportions of the problem
evolutionary game, and are being seen as excellare greater than we imagined 50 years ago. All
model systems for general evolutionary studiegarasitologists have a role to play as we re-define
On the negative side, the great hopes of half @ur relationship with the organisms whose biology
century ago for eradicating parasitic disease havascinates us so much. This is especially true for
been dashed, parasitic disease of humans, livestoskstematic parasitology.
and wild biodiv_ersity threatened with exti.nctionTHE OPPORTUNITY: VALUING SYSTEMATICS
represent a major concern for most countries, and i . . i i
for the vast majority of human beings on this planet. Systematists provide two kinds of information.

As we learn each day more about the importané'éhe first of these is _the names and characte_rlstlcs
of the documented portions of the biosphere, w@f our (slowly) growing list of all known species.
realize that we have not documented, and thus RPECIES are the fundamental units of biodiversity,
not understand, more than a fraction of tha@enealogical information systems that store and
diversity. We often have no idea what we might b&ansmit the information leading to the emergence
losing, and incomplete information on how toof_ecosys;e_ms Wlth.l‘hEIr_ complex interactions.
manage what remains, including known andVithout this information, biological science could
potential parasitic disease agents. Biologist80t proceed. All biological research begins with
advocate extreme caution in human developmeR{€ OF more names of species, and it is systematists
projects linked to loss of habitat and diversitya”d their reseaarch vyho make certain that we all
because our ignorance may lead us to make mistakg¥@w what we are talking about when we use names
both in the short and long term. At the same timdike Plasmodium falciparunor Schistosoma
biologists understand that caution cannot beconfBansoniParasitology has a rich tradition in both
a synonym for stasis or inaction. Once a specid¥sic and applied research, and the centrality of
becomes extinct, we can never recover it, and igystematic information for both has long been
potential to play a role in the survival of our specie&ecognized. This is the reason that the Instituto
is lost forever. Each species that we lose mac})swaldO.Cruz has been a major source of basic
represent an irreversible loss of socio-economigystematic research as well as one of the world’s
potential, and may restrict our survival options fofe@ding centers for research in tropical medicine.
the future. Each species lost also represents an Systematists provide far more than the
irreversible loss of the evolutionary potential thatndispensible  lists of names and keys for
has been the source of biotic recovery fronidentification and diagnosis. They also provide the

ecological perturbations and environmentairamework for all comparative studies in biology,
both basic and applied. The only illustration ever

to appear in any edition @rigin of Specieds a
phylogenetic tree. Darwin did not consider this to
be simply a pictorial metaphor for evolution, but
Fax: 416-978-8532. E-mail: dbrooks@zoo.utoronto.c&nvisioned that such depictions could be crucial
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elements, both form and function, autecological anskervation projects, a means for restoring global taxo-
synecological, that have persisted throughomic capacity, and opportunities to study the
evolutionary time, even though they may be seemealth, reproductive, and nutritional requirements,
as operating on ecological time scales (e.g. Brooks well as the ecology and evolution of a large
1985, Brooks & McLennan 1991, 1993, Brooks et ahumber of wild species. Inventories can be carried
1995). This predictive power of taxonomy isout in a relatively small area, the site becoming a
embodied in the phylogenetic classifications ofjigantic “mine canary” where the effects of global
taxonomists (Simpson & Cracraft 1995). environmental change can be monitored across
The Convention on Biological Diversity (CBD) significant numbers of species and large pieces of
(see Glowka et al. 1994) designated species as fhégrated ecosystems, or for members of targeted
fundamental units of biodiversity, and ecosystemtxa across many habitats. Parasites are useful for
management and sustainable development as theth types of inventories because of their
organizing principles for managing globalsignificance as indicators of stable trophic
biodiversity. Biologists and managers quicklyinteractions in ecosystems (including their use as
realized that the current inventory of the world'Siological tags) and as disease agents in humans,
species was far too limited to implement the mandatévestock, and wildlife.
properly and that a critical shortage of trained Regardless of the focus of any inventory, the
taxonomists contributed directly to the problenfaxa examined should (1) be intrinsically important
(e.g., Gallagher 1989). The United Nations Ento humans, such as insect groups known to include
vironment Program (UNEP) in biodiversity calledimportant pollinators, biocontrol agents, or disease
DIVERSITAS coined the term “the taxonomic Vectors, (2) be intrinsically important to ecosystems
impediment” to refer to this critical lack of global that humans want to preserve, (3) provide efficient
taxonomic expertise that prevents initiation andnans of learning something of importance, (4) be
completion of biodiversity research programs (se@€0graphically widespread, and (5) provide
SA2000 1994, Hoagland 1996, Blackmore 199@Pportunities for mternathnal networking of
PCAST 1998). In North America, this concern leProfessionals, for collaborative research, and for
to Systematics Agenda 2000 (SA2000), an intensif&ining. It is easy to justify the inclusion of
professional inventory of the value of taxonomid®@rasites in any inventory project under all these
expertise to this planet, and a set of recommendguidelines. o .
tions for revitalizing systematic biology and justi- _12xa should be intrinsically important to
fying the allocation of resources necessary to careF mans Parasites are agents of disease in humans,
out such a revitalization (SA2000 1994, Brooks e v€Stock, and wildlife, with attendant socio-
al. 1995, Claridge 1995, Cracraft 1995, Davis 1995.C0NoMic significance. Parasites are significant
Eshbaugh 1995, Jones 1995, Lauder et al 199c’5gmtppnentst ft?r .asisegsm%the risk of IES?hOf %'0'
: ! ' ntainment by introduced species, whether due
'\Sﬂgy ae; éyllggg I\S/li"rlr?pr)gcoiozsgzgrle?f? ilggrgn\(;\?hlsj p_arasites of introduced s.pecies moving i_nto'the
1995 Balick 11996 Blackmore 1996 Monéon 199 grlcu[utral landscape or W_lldlands an_d swﬂchnjg
OIive,r 1996 Richérdson 1996 Roésman & Miller2 native hosts, or parasites of native species
L . moving out of the agricultural landscape or
1996, Vane-Wright 1996, Vlecchione & Collette 1996), ildland d infecting introduced icall
The 1998 and 2000 Conference of the Parties (CO rj] ands and infeciing iniroduced, economically
to the Convention on Biological Diversity endorse h Ef) Ogggitbmgsgf %igleséf é?ﬁﬁgﬁﬁié ':r\]/ :rli\:]es
a Global Taxonomy Initiative (GTI) to improve taxo- P Y peop g

: X parasites and parasitic diseases between
nomic knowledge and capacity to further Countr¥hem5elves and between humans and non-human

needs and activities for the conservation, sustaiﬂ— sts. Some parasite species may provide revenue
able use, and equitable sharing of benefits a model systems for pharmaceutical companies or
knowledge of biodiversity (GTI 1999, CresswellaS bio-control agents. Additionally, we must

1 ¢ tici ¢ 5 dicti lassifi ¥nderstand parasite biodiversity within the context
(1) systematic inventory, (2) predictive classi ICast global change (e.g., Dobson & Carper 1992,

tions, and (3) systematic knowledge bases. Hoberg 1997a,b, Brooks & Hoberg, 2000, Brooks et

GTI COMPONENT 1: SYSTEMATIC INVENTORY - al. 2000).
gIPSECCfIJEVSER'NG AND NAMING THE WORLD'S Taxa should be intrinsically important to

ecosystems that humans want to preseParasites
The CBD mandates that all signatory countireare significant regulators of host populations (e.g.,
will undertake a national assessment of itScott 1988, Gulland 1995), and are potent agents
biodiversity resources. Such national inventoriemaintaining ecosystems integrity and stability
are meant to be biodiversity development and coribobson & Hudson 1986, Minchella & Scott 1991,
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Hudson et al. 1998). Complex feedback loops irtheir place in the biosphere (e.g., Wheeler 1990,
volving parasites, herbivores, and habitat struct993, Brooks & McLennan 1991, 1993, Faith 1991,
ture in ruminant grazing systems further indicat&992, 1996, Brooks et al. 1992, 2000, SA2000 1994,
the significance of parasites as determinants &tiassny 1993, Forey et al. 1994, Humphries et al.
community structure (e.g., Grenfell 1992). Parasites995, Simpson & Cracraft 1995). Although system-
can also be important mediators of host behaviatists have made major strides in understanding
(Holmes & Bethel 1972). Introduced parasites mathe interrelationships of life, corroborated phylo-
have unpredictable, and deleterious impacts agenetic hypotheses are still lacking for many
native species of hosts (Dobson & May 1986a,lgroups. DIVERSITAS and SA2000 propose to co-
Woodford & Rossiter 1994, Vitousek et al. 1996). lbrdinate international research to achieve a phylo-
is therefore important to be able quickly to distin-genetic framework for all of life resolved to the fam-
guish native from introduced parasite speciety level by the year 2010. Phylogenetic analysis for
(Hoberg 1997a,b, Brooks et al. 2000). the major groups of parasitic platyhelminths began
Taxa should provide efficient means of learningppearing in 1985, results to 1992 were summarized
something of importance Parasites, especially in (Brooks & McLennan 1993), and many additional
those having complex life cycles involving morestudies have been produced since then. These stud-
than one obligate host, are indicators of stablies comprise a robust phylogenetic tree for the para-
trophic structure in ecosystems (e.g., Marcogliesstic platyhelminths to family level more than a de-
& Cone 1997). This is because all the biotic compasade ahead of the SA2K-1 agenda.
nents necessary for completion of the life cycle The past decade has seen the integration of
must co-occur regularly in order to maintain anyhylogenetic information in all areas of evolutionary
given parasite species. Knowing the complememesearch, and a growing number of areas of applied
of parasite species inhabiting any given host thugsearch, providing common ground to serve the
provides a means of rapid assessment of thgofessional agendas of evolutionary biologists
breadth and form of trophic interactions of hosand ecologists as well as biodiversity and
species. conservation managers. Why is this important? Set
Taxa should be geographically widespread in a context of ongoing inventory, phylogenies can
Many parasite taxa are widespread geographicallyelp us “buy time”. Using phylogenetic frameworks
At the same time, they are highly localized witito make predictions can cut research and
respect to infecting particular hosts, whichdevelopment, or planning and prioritization, time
themselves may be the focus of particular inventorgnd costs (Brooks et al. 1992, Brooks 1998, Brooks
activities. & Hoberg 2000). Phylogenetic study of coevolu-
Taxa should provide opportunity for tionary relationships can help us assess the suit-
international networking of professionals, forability of proposed biological control agents, pre-
collaborative research and for trainingParasite dict the epidemiology of emergent diseases, and
systematics is in serious trouble worldwiderecognize introduced species.
Laboratory closures in the United Kingdom and Understanding the evolutionary basis of
elsewhere have eroded the infrastructure fatisease resistance will come from comparison of
taxonomy and systematics at a critical time. Newlosely related host species, one resistent and the
survey opportunities, and recognition of theother suspectible to a given pathogen, just as
importance of parasites, may stimulate internationainderstanding the evolutionary basis for causing
collaboration and revitalization. disease will come from comparison of closely related

GTI component 2: predictive classifications — parasites, one pathogenic and the other not.

What is in a name? GTIl component 3: managing systematic

A crucial element in preserving biodiversityknowledge bases — Making the information
within the context of the CBD is managingavailable
information about the 1.7 million species currently Electronic data handling and interlinked
known and the millions yet to be discovered an#nowledge systems are becoming the principal
described. The framework for such informatiormedium for all activities associated with applying
systems must include the capability of makingystematic information in biodiversity studies and
predictions about the characteristics of specigmlicies. The OECD Megascience Forum declared
based on what we know about the biology of closthis critical need a global priority in mid-1998.
relatives. To do so requires knowledge of phyParasite systematists can contribute significantly
logenetic relationships, phylogenetic classificationn this area, establishing (BPhylogenetic Home
systems are the most effective framework for preRages providing inter-linked phylogenetic trees,
dictive information systems about organisms anthodified periodically as needed, for all groups of
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parasites, (2ppecies Home Paggsroviding for most robust possible interpretation of the final re-
each species: (a) what is it (and how to distinguiséults, helping members of a lab avoid the
it from others), (b) where is it, and (c) what is itembarassment of claiming support for one particu-
natural history, and (3Pn-line Identification lar theory when their own published data actually
Guides and Keyslesigned to aid a large user comsupport the opposite (e.g., Brooks & McLennan

munity. 1992). In the long run, | think it will be more time-
THE OBSTACLE: OVERCOMING THE TAXONOMIC and _cost-effectlve f(_)r.modern molgcular Iabora_to-
IMPEDIMENT ries in tropical medicine and public health to hire

| believe there are three misconcentions aboQ'€ ©F more fully-trained modern systematists than
p Yd continue producing poor phylogenetic trees that

modern systematics that have contributed to thg ot |ead to general consensus and will need to
taxonomic impediment within our discipline. be re-done multiple times

Basic and applied research have little in common
Many still believe that systematics is somethin
done in the esoteric world of academia an

Eyollutlonaryhbmlcf)g)f/]. In the r(aal wprl?tof appliede, o1 tionary biology through an archaic theory of
lology, such as Tisheries and agriculiure, as Wed,, ,,tion “called orthogenesis (Brooks &
as tropical medicine and public health, is or‘I3f\/IcLennan 1993), which flourished between 1890-
necessary to have a name for the species you g, (gowler 1983). Orthogenesis eventually failed
studying. This misconception is not restricted Q¢ -5, ise its proponents never developed a coherent
applied studies, many basic researchers in aregs o retical framework and, more importantly, never
such as ecology and physiology have similar besyonased a plausible mechanism. Nevertheless, one
liefs. And yet, all biodiversity is evolved ot the central tenets of orthogenesis, that all
biodiversity, so it makes sense that the most Qe”e‘iﬂblogical systems are internally programmed to
referfence system one could have for basic and,olve towards overspecialization, secondary
applied comparative studies is a phylogenetic ongimpjification, and eventual extinction, remains a
This is the.re_ason thgt comparative studle_s usitghwerful influence within parasitology because
phylogenetic information have exploded durlnglths)arasites were used as exemplars of orthogenetic
past decade. A growing number of appliedrends. Two orthogenetic concepts about parasite
researchers in parasitology have recognized thisyolution have become common modern
and are using phylogenetic information in theiassumptions about parasite evolution.
studies. Unfortunately, the taxonomic impediment  The first assumption is that parasites exhibit
means that there are as yet few phylogenies fehormous levels of secondary simplification and
groups that include important parasites of humangharacter loss because of their life style. Given this
and livestock (but see Barta 1989, Hoberg &rend, it is argued, if some parasite species lack a
Lichtenfels 1994, Hoberg et al. 2000, Nadler &structure that is also lacking in the outgroups, the
Hudspeth 2000). absence in the parasites must represent a
The solution to this problem has been for noneonvergent loss and should thus be coded
systematists to try to produce their own phyappropriately. This type of a priori character
logenies, typically using sequence information fronpolarization directly contradicts the polarization
a gene or gene fragment being studied in the latechnique used by phylogenetic systematists called
Those data are often analyzed using whatever priite Relative Apomorphy Rule or Outgroup
grams for tree-building are in the lab, or are knowomparisons (see Wiley et al. 1991, Brooks &
to members of the lab (many are very user-friendlyMcLennan 1991). This rule states that any trait
The vast majority of such trees in the literature tofound in at least one member of the ingroup that
day are not very robust. The missing part of thelso occurs in species outside the ingroup is
study is input by a professional systematist. A fullyplesiomorphic, or ancestral, relative to modifications
trained modern systematist is someone who u@f the trait restricted only to members of the
derstands that when a program generates multiplgroup. What does the empirical evidence tell us
equally parsimonious trees, there is a problem withbout these two different approaches (orthogenetic
the data, not the method of analysis implemente¢ersus phylogenetic) to polarizing character
by the program. A fully-trained modern system-absence”? Although it is often assumed in many
atist can assess sequence data for sampling bitgxtbooks on evolution and parasitology that we
missing data, site saturation, and alignment probknow” parasites exhibit massive secondary
lems, and can generate combined analyses usidiplification, this assumption is not widely docu-
information from many different sources. Finally, anented. In fact, the only empirical study ever per-
fully-trained modern systematist can provide théormed to test this assumption (Brooks &

Parasite evolution differs from non-parasite
volution
Parasitology became an active part of
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McLennan 1993) concluded that less than 11% gqfrobes for biodiversity research, and (4) model
almost 2000 characters for various Neodermatasystem to explore theoretical issues and generalities
(parasitic platyhelminths) groups showedn evolutionary biology, ecosystem and community
secondary loss. Subsquent studies (e.g., Pérsizucture, biogeography, adaptation and radiation,
Ponce de Ledn & Brooks 1995a,b, Pérez Ponce deodes of speciation, and life history within a
Ledn et al. 1997, Platt & Brooks 1997, Ledn-comparative framework (Brooks & Hoberg 2000 and
Regagnon et al. 1996, 1998, 1999, Beveridge et aéferences therein). Substantial contributions by
1999, Bray et al. 1999, Hoberg et al. 1999a,b, Ivan@arasitological research to biodiversity inventories
& Hoberg 1999, Rego et al. 1999, Zamparo et akxtend from the accretion of novel information from
1999) have corroborated these findings. standard surveys established over the past 200

The second orthogenetic-based assumptigrears, to sophisticated research programs for
about parasite biology is that species with commosystematics, ecology, biogeography, and evo-
specialized lifestyles evolve the same set dfitionary biology, based on organismal and mo-
characters independently. Thus, because we dexular approaches.

dealing with parasites therefore we should expegh o 1+ data are better than morphological data
high levels of correlated homoplasy. Some hav; r phylogenetic analysis

even reje'cted higlhl.y robust ph'yl'ogene.tic ana]yses Researchers using phylogenetic information
by asserting that it is not surprising to find a sing| ust be familiar enough with the methodology

most parsimonious result with a very low level o responsible for the construction of that tree in order

icnocr;\:ggec? et ie(;/tf)olrl:t(')?n r:hlit (Iasn’e?igr:gltaht?c:ﬁ:ﬁi' S0 assess its potential strengths and weaknesses.
picti “ pny ”g p p" For example: (1) some published diagrams are not
To correct for this “problem”, characters “known

) - . _the phylogenetic trees that are best supported b
to be adaptations to parasitism should be ellmlnatqﬂe gaté, (92) some information cannot be iEEerpreteg
a priori. For example, Rieger and Tyler (1985),, 0 hefically (e.g., genetic distances, immuno-
suggested that similar structures in ta).(a.Shar'rf)ggical distances, DNA-DNA hybridization), and

sr:?élaér?élé/rllrtcl)ngegltsezh?Ic(i:hbes cocfg_rcl)cr)]rsl asno 3) some published trees represent only one of many
Independently evolved. Such Suggestions 19nolg, 4y parsimonious representations of the data.
the basic Darwinian notions that homologies Calbpare’is a simple solution to this problem. Al

e o o o e " e nBlblched trees must be- accompanied by
P pasy. ’ P scriptions of goodness-of-fit statistics, op-

‘;Vr']:gﬁﬁf%? (:Ci?jei%zuiwéjilca:tli?]n g{a? Sg rk\)/\iaa\r/]vt;q mization assumptions used, the number of equally
X . g that b arsimonious solutions and, if there is more than
correct in asserting that most similarities in structur ne tree, why the tree presented is the preferred
function, and preferred environment are due Bhe. If 'Ehey are not based on phylogenetic
goénamgrlzn;fsé%(gkg'&V&ag['é?]rrf’a? i‘ggf?%ﬁ;?’@ﬁ/stematic analysis, the reason should be stated,
Ronguist’s (’1994) study on the evolﬁtion g];especially if the answer is “phylogenetic system-
Ronquists - y tic analysis produced too many trees, and this
inquilinism in cynipid hymenopterans showed thaf,y, o 11 eihods gives me only one. so | prefer it”. or
r_emoval Qf characters associated .Wlth parasiti hylogenetic systematic analysis did not support
lifestyle did not alter the phylogenetic assessmegfia ", nswer | bleieve in, so | used another method
that inquilinism had arisen onlyasmgletlmemth«i*;NhiCh produced resdlts more similar to my
group. There is thus no reason to exclude a'yreconceived notions”
adaptive” character from any analysis (Brooks & The availability of robust and explicit estimates

McLennan 1994). : ! o ;
f phylogeny is the primary limiting resource in all
Brooks and MclLennan (1993) proposed th omparative studies, basic and applied. This

}Qe(;?];s Qg\fgﬁ?ig};qga%sd ?ﬁgise'tie\ézl;g'soCvéTgslrlgituation is further exacerbated by the fact that
y P systematists and non-systematists have

parasites are simply the most fascmatm.graditionally focused their attention on different

representatives of that general process produci ou ; : S

- ; . ps of organisms. There is room for optimism,
and affecting all of life (see also Poulin 1997). IN¢ mation about phylogenetic systematic methods
addition, if parasites are like all other species if - asiol0gy is being disseminated more widely
general evolutionary terms, they fit a set of criteri e.g., Pérez-Ponce de Leon 1997, Pérez Ponce de
indicating that they should be included in a”Lé()H et al. 1997) phylogenetic frees are being
biodiversity inventories. Parasites are critically roduced ét a more rapid, there is an increased
important as: (1) ecological/ftrophic indicators, (Zc)Freadth of taxa being inves{igated, including those

historical indicators of phylogeny, ecology an ; : -
biogeography (3) contemporary and historica?f general conceptual interest to evolutionary bi
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ologists, and we are finally beginning to build asystematists and (3) becoming better versed about
large enough database to compare the outcomgsylogenetic methodology. Systematists, for their
of analyses based upon morphological angdart, must (1) provide more and larger data bases,
molecular data. These results are encouragingtegrating both molecular and morphological data,
because, when the data are subjected to rigoro{&y encourage students to work on groups that are
phylogenetic analysis, they generally tend telassically of interest to non-systematists, and (3)
produce congruent trees (e.g, Hoberg et al. in presievelop better ways to explain their ideas to a naive,
Leon-Regagnon et al. 1999, Nadler & Hudspetbut enthusiastic, audience. In other words, there
2000), although it make take some time for suctmust be active collaboration based on mutual
agreement to be apparent and accepted (see ergspect between systematists and non-sys-
Brooks et al. 1985, Brooks 1989a,b, Brooks &ematists.
McLennan 1993, Zamparo et al. in press, Baverstock Human beings preserve what they value and
etal. 1991, Blair 1993, Rohde et al. 1993, Littlewooiynore what they do not value. Clearly, the value of
etal. 1999). systematics has been overlooked, especially in
| believe that two things are responsible for th@arasitology, there is a decreasing number of
perception that molecular data are superior teystematists, and those still left provide little
morphological data for phylogenetic analysis. Thehylogenetic information to enhance the research
first is that most morphologically-based parasitprograms of non-systematists. Saving biodiversity
systematists are not using any kind of phylogenete&nd promoting human socio-economic devel-
methods in their work. This leads to the view thabpment is a complex problem, requiring networks
morphology is used for descriptive purposes andf people and of research programs. Networks re-
molecular data are used for phylogenetic studieguire common language and discourse, as well as
The second is that fewer and fewer experntollaborative development of theory and research
morphologists are being trained. Consequentiygrograms. Fully-trained modern systematists are
there are fewer and fewer parasitologists availabtee masters of a language powerful enough to
to take advantage of new approaches to comparfaciliate such necessary discourse.
tive morphological study, including novel typesand Parasite taxonomists need to present a better
sources of characters. When | began my phylogease to those who do not yet understand how
netic studies, no one believed that we would fingdaluable systematic information is for them. The
enough morphological traits to even make an initigb Tl represents a useful framework for ac-
tree, much less corroborate it, for any group of parg@omplishing this general goal. In order to make this
sitic helminths. We enter the 21st century with goal a reality, parasitologists must overcome seri-
robust phylogenetic hypothesis at least to familpus internal and traditional biases associated with
level for all the Neodermata, based on more thararious forms of exclusionary behavior commonly
2,500 morphological characters, and an overall Glssociated with the social systems known as uni-
of approximately 70%. It is truly an exciting time, versities and research institutes.
because I belleve_z we haye just begun to tap l'.hIS ACKNOWLEDGEMENTS
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