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ECOLOGY AND SYSTEMATICS

Prof.F.W.H. Beamish
Department of Biology, Faculty of Science, Burapha University
Bang Saen, Chonburi, 20131, THAILAND

The scope of my topic, Ecology and Systematics will be discussed in the context of
my own research interests in Thailand; namely the diversity of fish and their assemblage
structure in tropical streams. | view an assemblage of fish as those species and individuals
found together in a habitat but without implications of biological interactions. My interest
extends also to conservation for if we wish to conserve fish diversity in Thailand’s freshwaters
as | do, we must truly understand community structure and habitat. For me, conservation is
the application of both systematics and ecological knowledge for the purpose of sustaining,

preserving or restoring natural resources.

Ecology is the science concerned with interactions between organisms and the
environment on spatial scales ranging from parts of individuals to the biosphere as a whole.
As the range of interests in ecology is extremely broad it has been divided into four major
subfields: physiological ecology, population ecology, community ecology and, finally,
ecosystem ecology. Ecological studies over the past thirty years have presumed the number
of species in a given habitat represent the total effects of the various forces, biotic and
abiotic, that allow species to evolve and persist together with the forces that cause their
extinction. It is important to emphasize that while we know the individual effects of a number
of abiotic factors on fish ecology, behavior and physiology we know particularly little about the
interactive effects of multiple factors (Fry, 1947, 1971, Brett, 1979). Even with this
information the view that assemblage structure represents the total effects of these forces is
thought by some to have fallen short in solving one of the apparent problems of biology: the
origin and maintenance of global patterns of biodiversity. Why, for example is species
diversity much greater in the tropics than in temperate regions of the world? Using a very
broad example; less than 200 species of freshwater fishes have been described in all of
Canada (Scott and Crossman, 1971 ) a country of almost 12,000,000 km® and containing
much of the world’s supply of freshwater. Thailand with relatively little water and a land area
equal to only 514,000 km® or about 4% of Canada’s may have well over 500 actual species

(Vidthayanon et al., 1997).
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With these brief introductory comments on ecology said | wish now to turn my
attention to systematics; the science and, to some degree, the art that deals with the naming
and classification of all kinds of organisms, past and present. By identifying the branching
patterns of relationships among species within a genus, or genera within a family, and so
forth, systematics provides leadership in identifying species and their evolutionary history
including the relationships among species or taxa. This is important because it provides

guidance on measures of adaptability within taxa to changes within their habitat.

The fundamental unit in biological classification is, of course, the species and those
people involved in constructing classifications must deal with species definitions. Many are

available including the following:

1. A group of organisms which actually or potentially interbred and which are

reproductively isolated from all other such groups (Mayr, 1 969)

2. A group of individuals of common ancestry which closely resemble each other

structurally and physiologically and, in nature, interbred, producing fertile offspring

3. Species are reproductively independent lineages diagnosed by different

genetically based character states and ecological roles (Smith etal, 1 995)
4. A name applied to a group of organisms by a recognized taxonomist

Many of the definitions are difficult to test or perceive in nature, especially when taxa
are isolated such as in different rivers or drainage basins or, where they appear only as
fossils. Sometimes subjective decisions must be made concerning whether some populations
are capable of interbreeding with others. For most species little to no information is available
on their physiology and behavior. For those taxonomists not adhering to the same biological
concept there is the danger of a difference in the assignment of species designation.
Definitions that recognize species as a terminal clade or as any genetically distinct population

would result in a marked, but perhaps artificial, increase in species numbers.

There are six tools available to the systematist for the purpose of classification
(Moyle and Cech, 2000):

1. Morphometric measurements are any standard measurements that can be made

on a fish such as total or standard length, length of the longest dorsal fin ray and

so forth.

2. Meristic traits include measurements of vertebrae, fin rays, lateral line pores and

so forth.
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3. Anatomical characteristics include such features as shape, position of the lateral

line, secondary sex characteristics and so forth.
4. Color pattern, while often useful tends to be highly variable.

5. Karyotype measurements refer to the number and morphology of the

chromosomes.

6. Genetic characteristics, represented by the composition of DNA, have proven to
be a valuable asset. Within this, mitochondrial DNA is particularly useful in
analyzing populations within species with nuclear DNA being used at higher

taxonomic levels.

There are three methods of applying these measurements: cladistics, also known as
the phylogenetic method, synthetic, also known as the evolutionary method, and phenetics,

also known as the numerical classification method (Etnier and Starnes, 1993).

Phenetics construct taxa purely on overall similarity without regard for the primitive or
advanced nature of these individual features and is usually not important in classification
above the species level. The other two approaches, cladistics and synthetics, are

phylogenetic and evolutionary in scope. Here only cladistics is considered further:

Cladistics seek to resolve which of two taxa of a group of three or more are each
other’s closest genealogical relatives. A dichotomously branching diagram (=c|adogram) is
constructed in which paired lineages called sister groups are recognized on the basis of
sharing derived characters termed synapomorphies (Figure 1). The sister group possessing
more apomorphic or hereditary characters believed to be more recently evolved is the more

recent group while the other is the primitive one.

A common source of disagreement is over which characters are the more recently
evolved. Care must be taken not to arbitrarily select characters for the purpose of either
producing a change in existing classification or supporting preconceived ideas of other
relationships. In some cladistic studies new classifications may be constructed on the basis
of only a few weak synapomorphies. In addition, sometimes not all species are examined
which is likely to result in a poor knowledge of character distribution. Such practices are not
likely to produce a sound and stable classification. The extent to which any of these concerns
affect diversity is unknown but it is suspected that for some taxa in some regions of the world

it may be significant, certainly worthy of question.
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Figure 1. A cladogram
illustrating the application
of synapomorphies to
recognize sister groups.
In this example, six
synapomorphies are
identified along with their

Systematics recognizes closely related species or taxa and, thus the degree of
diversity, often morphological which has occurred within a taxa or group. This is useful in
providing a measure of the phenotypic and genotypic plasticity within groups, especially in
relation to the degree they have been able to occupy the various habitats within an
ecosystem. The greater diversity of species in the tropics than in temperate regions of the
world was noted earlier. At least a small part of this difference may reflect varying standards
in the assignment of species, though this is not meant to suggest that the differences in
diversity are not real. What might account for these differences in diversity? Is it possible
that fish mutation rates are higher in the tropics? Certainly life cycles among tropical species
tend to be short relative to those for temperate species and breeding seasons longer so that
there are more generations per unit of time among the tropical species. It may also be that
certain breeding habitats favor rapid recombination of genes or spread of mutations but this
is pure speculation. Greater habitat diversity in tropical rivers and lakes, while arguable has
been suggested as an important factor contributing to this difference in diversity (Lowe—
McConnell ,1 969). The assumption here is that greater habitat diversity offers opportunities
for new phenotypes to become established. As well, habitat specialization may be greater in
tropical waters. For example, many species of tetragonopterids — small fishes found in South
American streams, coexist in seemingly similar habitats (Lowe-McConnell, 1969, 1987).
Closer inspection indicates some species occur in the surface waters, others in mid water,
others are benthic, some species occur in groups while others are solitary, some live close to
the margin of streams while others live closer to mid stream. Thus, as many as 12 species
may be found in a superficially similar habitat but which on closer inspection is really many
discrete habitats. Finally, river morphology in the tropics is thought to differ from that in

temperate regions in having riffle or fast flowing regions throughout their length. In contrast,
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fast flowing areas in temperate rivers are usually confined or, at least, more prevalent in the
headwaters. The relevance of this is that riffles may act as barriers and prevent some
species from moving throughout the length of a river and in this way accommodate the

evolution of new species through geographic isolation.

Early studies on fish assemblages from temperate regions of the world made the
implicit assumption that species associations arose from the influence of biotic and abiotic
factors and hence were structured rather than random (Matthews, 1998). It was not until
the 1980s that this assumption was to be tested in a series of studies in temperate lakes
and rivers (Grossman et al., 1982; Yant et al., 1984). In general, these studies found a
non-randomness in the composition of the common species that made up the structure of
fish communities. The pattern was; however, not at all clear for the uncommon and rare
species which exhibited great variability. Similar studies have only recently been undertaken

in tropical waters.

What abiotic and biotic factors are important in influencing assemblage composition
and structure? In rivers from temperate regions, important abiotic factors include water
current, pH, temperature, dissolved oxygen and a host of xenobiotic or non-indigenous
substances (Jackson et al., 2001). It is worth noting that these factors are also those most
commonly measured. One wonders if more abiotic factors were measured would they prove
also to be important? In one of the blackwater peat swamps in central Malaysia, | recently
found evidence of structured fish assemblages, which | was able to relate to several abiotic
factors including water conductivity, dissolved oxygen, pH, color and turbidity as well as the

organic content of the substrate (Figure 2).

Generally, increases in habitat variability between headwaters and downstream
reaches lead to predictable increases in species diversity (Matthews, 1998, Jackson et al.,
2001). Headwaters of rivers tend to be dominated by physiologically hardy “colonizing”
species that can tolerate periodic stressful physiochemical conditions. The downstream
reaches where the physiochemical conditions are less variable are dominated by a more

stable assemblage of diverse species for which biotic interactions may be more important.

Areas with more complex habitat characteristics provide enhanced foraging
opportunities and refugia from predators and thus may contribute to greater biodiversity. A
number of studies have shown that predators can affect the choice of habitat by prey species
in streams (Power et al., 1985, Schloser and Angermeier, 1990; Gilliam and Fraser, 2001 )

When prey species alter their habitat and foraging to reduce predation risk they may
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experience changes in their life history strategies and fitness. For example, slower growth, a
common response, generally means an increase in the length of time they are vulnerable to
predation. Fecundity may also be reduced if individuals mature at smaller size and individuals

in poorer condition may experience increased mortality during environmentally stressful

periods.
6
= I .
:5_ T 4 b’} Figure 2. Abiotic factors of importance to stream
@ _§ ol = o fish assemblages in the North Selangor blackwater peat
c?f § /__ﬁ‘i ,ﬂ:'“‘- swamp in Malaysia. In this example, the first
;;: of e 6 5 \%;:\1 discriminant axis (x-axis) represents the combined
| E ol Cam 3 effects of increasing levels of conductivity, tannin/lignin
(o_f" i?) and substrate organic content and decreasing amounts

(R S R 0 2 4 of turbidity, oxygen and acidity (pH).

Conductivity, Organic Content, Tannic Acid —
-=—— Turbidity, Oxygen, pH

Habitat segregation appears to be the most prevalent resource - partitioning
mechanism, with interspecific competition also thought by some to play an important role
(Grossman et al., 1998). Issues such as the roles of behavioral, morphological, and
physiological adaptations relative to the importance of competition remain unresolved. The net
increase in species richness along gradients of high to low environmental variability and the
fact that average population densities are often far below the maximum or carrying capacity
have been used to argue that competition is less important than habitat in shaping stream

assemblage structure.

The continual addition of species from small headwater streams to larger rivers is a
consistent pattern in most temperate and tropical stream fish assemblages (Jackson et al.
2001 ) This is attributed mainly to an increase in habitat diversity and stability with stream
order. Lower order streams support low diversity of species and less structured assemblages
due to the relatively high variability in the abiotic characteristics of their environment.
Recolonization dynamics, temporal variation in reproductive success and the ability to find
suitable refugia during harsh conditions appear to be more important than biological

interactions as determinants of assemblage organization.

The physiological concept by which assemblage composition varies among habitats

was early described for abiotic factors but has been applied also to biotic factors (Fry, 1947,
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1971, Brett, 1979). The principle here is that metabolism varies as a function of the
relevant abiotic and biotic factors which describe their habitat. Generally, metabolism
increases with the magnitude of each important environmental factor to a maximum and with
continued increase in its quantity, metabolism declines. For many factors, metabolism is
confined by upper and lower lethal limits (Figure 3). For example, a particular species of fish
must have access to a small concentration of copper for some enzyme systems to operate,
however, at some higher concentration, copper becomes lethal. The range of tolerances can

be expected to vary among species.

Figure 3. Left upper panel: metabolism in relation
to the concentration of one or more abiotic factors
within the confines of lethal tolerance. Left lower
panel: the metabolic scope for activity in relation to
the concentration of one or more abiotic and biotic

factors.

It is important to recall that ectothermic animals such as fish have dynamic lower or
basal and upper or maximum metabolic rates whose magnitudes are subject to environmental
quality (Figure 3). The difference between the upper and lower metabolic rate has been

called the metabolic scope for activity or, more simply, scope for activity and it describes the

energy available to an ectothermic animal to perform all of its various activities such
as growth, swimming, breeding and so forth. If the environmental conditions allow for a full or
nearly full expression of a species’ scope for activity then it is likely to flourish, whereas if it
is severely restricted survival is less likely. It is reasonable to assume that those species
found together in a habitat reflect a similar cumulative response to the biotic and abiotic

conditions that define that habitat, even though their response to any single factor may well
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differ. In contrast fish found in distinctly different habitats might be expected to display quite

different scopes for activity such as is illustrated in Figure 4.

Figure 4. Family of metabolic scopes such
as might be found for species of fish found

in different habitats.

There is no question that phenotypic differences among individuals and species are
related to differences in their ecology (Wainwright and Reilly, 1994). This notion is a
cornerstone of our understanding of the nature of diversity, that is, morphological differences
determine ecological attributes (Norton et al., 1995). To the extent morphology determines
ecological patterns, understanding the mechanisms of this relationship can be a powerful

explanatory tool in ecological research.

An individual’s phenotype or the way it is constructed will determine the limits of its
performance because the ability to perform many behaviors is rooted in the design of the
underlying functional systems (Beamish, 1978). For example, the design of the locomotor
system in fish places limits on their swimming abilities and the design of the mouth places

limits on what they eat as well as food size.

Once the relation between morphology and performance has been determined, the
latter may be related to aspects of ecology. Morphology shapes ecological patterns by
determining the behavioral capacity to exploit resources. Patterns of resource use by
individuals combine to produce patterns at the levels of population dynamics and community

structure.

A second impact of performance on ecology is its influence on an individual’s fitness
(Lande, 1979; Arnold, 1983). Of the two major components of fitness, reproductive output
and survival, the latter may be affected directly by the predator escape performance but the
major path by which performance capacity influences fitness is through its role in shaping
patterns of resource use by individuals. The interactions between a species’ functional

capacity and its environment can play a prominent role in shaping ecological patterns at the
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levels of individuals and species. An example may help to explain. The bluegill, Lepomis
macrochirus, and the pumpkinseed, Lepomis gibbosus, sunfishes are two abundant species
that commonly occur together in many North American lakes. Adult pumpkinseed diets are
dominated by snails, whereas bluegills do not eat snails, feeding more broadly on
zooplankton and benthic invertebrates (Mittelbach, 1984). Pumpkinseeds are able to crush
the hard shells of snails whereas bluegills cannot. The capacity for feeding on snails by
pumpkinseed has a clear functional basis in the hypertrophied or enlarged muscles and
bones of the pharyngeal jaws which allow them to exert a crushing force against snail shells.
Thus, adult pumpkinseed gain a competitive refuge from bluegills by feeding on a prey
resource that bluegills are incapable of eating. In this example the difference between the co-
occurring species in prey use patterns can be explained by a difference in snail-crushing

ability which has a functional basis in the design of the feeding system.

Here the interaction between feeding mechanics and prey availability influences not
only diet but also population size. The role of functional morphology in ecological systems
may be expected to also address other questions such as; how frequently do organisms
mitigate the effects of functional constraints by means of behavioral adjustments; do changes
occur at all levels of design of the system or are certain components more conservative while

others change readily?

Now what does this all mean? Systematics provides the genealogical linkages or
degree of relatedness among species and estimates phenotypic diversity and plasticity within
and among taxa. Each habitat favors some phenotypes over others so that, at least in theory,
as habitat changes it should be possible to predict those phenotypes that can be expected to
succeed and those that can be expected to fail. In a very practical sense once science is
armed with an adequate knowledge base in regards the important abiotic and biotic
characteristics it should be possible to predict the consequences of anthropogenic-induced
changes to habitat on fish assemblage composition and structure. Systematics should be
able to identify stenotypic and eurytypic taxa or those with relatively narrow and wide
capacities for morphological change. This information may also contribute to the setting of

conservation priorities.
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lan Grange: The conclusions of research about soil mesofauna or macrofauna in Thailand
are lack of research into impacts of landuse, landuse change and soil management
on mesofauna or macrofauna, lack of research linking mesofauna or macrofauna to
functions in soil, lack of research into mesofauna or macrofauna as bio-indicator of
soil quality, lack of research on effects of pesticides on mesofauna or macrofauna,
most of research on numbers, distribution and diversity of mesofauna or
macrofauna , predominance of research in natural forests (national parks), lack of
research references from Department of Agriculture, and most of references are from

M.Sc. theses. Very few journal references. A survey bias is indicated.
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Paul Grote: My name is Paul Grote from Suranaree University of Technology and when Aj.
Usa said that no one is studying fossil plant, she almost right. Because up until a
few year ago no one in Thailand has studied fossil plants other than some Thai

researchers collected specimens and sent them overseas. So, there are a few
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papers from Japanese researchers and French researchers. And these specimens
are collected in Thailand and sent overseas. And also few people have studied fossil
pollens so Dr. Manut is working on this. And there’s a student, Vikanet(?) at
Chaingmai University who's studying pollen. So, few people study fossil pollen but
other fossil plant like fossil leave , fossil woods, no one has studied before but
recently | have started a project at Suranaree University and | have two students so
far working on fossil plants, Pramook here is working with fossil wood and | have
another student, Prakaod, who is studying fossil leaves. Mostly from lignite mine of
the North. And also myself I'm most interested in fossil leaves from the northen
Thailand. So, we just have started a project like this but there are many fossils from
many ages round Thailand. So, it is a very big open field.
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Paul Grote: You are asking a question about collecting specimen of the local people? Then,
| can give you an example at Suranaree University very near 8 W32&1, ASNLABWAN,
and that area there are a lot of fossil wood. For many years local people have
collected the wood, and then they gave most of them to the temple at Wat ASNLABW
$1 very large collection of fossil wood gave to the temple. So, local people have
collected for along time, and for our study. Some of that we can use but mostly
when we study fossil plants we have to see exactly where it comes from, to know
exactly which sedimentary layer they come from. But still if the local people find
something we try to work with them, so that we they can help us find fossil much

more than we can find ourseleves.
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