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INTRODUCTION 

These population-based definitions were originally prepared in 1996 to aid the Alaska Board of Fisheries 
in developing consistent applications for the terms used in their guiding principles, and to assist in dialog 
related to improving management of fish populations. They are archived in this report for reference 
purposes with only minor changes from the draft originally reviewed by the board 2 years ago. These 
terms are important because application of the board's guiding principles can affect the management 
regimes the board selects to achieve its objectives. These decisions will significantly influence the future 
long-term well-being of fish stocks, as well as the socioeconomic well-being of the resource users. 
Therefore, it is important the terms be clearly understood for not only their literal meaning, but more 
importantly, for their pragmatic use in the real world of Alaska's fisheries management. 

However, while an improved understanding of genetics and conservation biology may promote practical 
management applications, the sum total of all factors controlling populations is extremely complex and 
includes anthropogenic factors, such as fishing, habitat loss, pollution, and global warming. Because our 
contemporary knowledge of some of those factors is very limited and because those factors can 
overwhelm management influences, developing effective management strategies can be difficult to 
research and authenticate. 

The following definitions appear in alphabetical order and include sections on related words and related 
bibliographic materials. Related words in italics are defined among the listed definitions while 
unitalicized words are not included. The bibliographic reading section includes citations to relevant 
literature listed in the bibliography, but not all references in the bibliography are included under the 
definitions. 

This list is not complete or all-inclusive; it is a first attempt at compiling the many definitions and 
associated scientific debates of the terms used in the guiding principles. 

DEFINITIONS 

Adaptive Management 

Definitions: The term adaptive management is not well defined, but it generally refers to a style of 
natural resource management characterized by deliberate experimental policies to determine the limits of 
the resource and a strategy that adaptively changes based on the information gained. The notion of 
altering a management strategy, in a highly organized way in response to feedback, is common to the way 
most people use the term. For example, Ministry of Forests for the Province of British ~olumbia'  states, 
"Adaptive management rigorously combines management, research, monitoring, and means of changing 
practices so that credible information is gained and management activities are modified by experience." 
Adaptive management is based on the premise that natural resources are generated by complex and 
unpredictable systems, that certain understanding of the principles that drive the system is impossible. It 

1 Taken from the Province of British Columbia Ministry of Forests Internet page on Adaptive management, 
http://www.for.gov.bc.ca/pab/publctndglossa/glossa.h, on Thursday, October 17, 1996. 



follows that the management strategy should constantly change and adapt to take advantage of what has 
been learned to date, and that management should take actions that will lead to new understanding of the 
system in the future. 

Walters (1986) refers to a range of adaptive policies, from actively adaptive, where learning about the 
resource becomes one of the yields of the resource, at the expense of other forms of yield, to passively 
adaptive, where the policy is just to collect information and attempt to use whatever knowledge is gained 
to alter the management course. 

The basic underpinnings of adaptive management come from the field of process control engineering, 
and much of the adaptive management literature is quite mathematical in nature. Hilborn and Walters 
(1992) describe adaptive management as a combination of two approaches: 

A management authority. . .[I] may make an initial choice that 'looks reasonable' on intuitive grounds, then 
plan to systematically vary the choice while monitoring biological and economic responses, so as to 
eventually,find the best choice by an empirical process of trial and error. . . [2] it may engage in formal stock 
assessment, the construction of quantitative models to make the best predictions possible about alternative 
choices based on whatever data are available to date, and then base its choices on the models while expercting 
to refine or modify the choices later as more data become available. 

In fisheries, formal Bayesian probability theory is often used to quantify how the understanding of the 
state of the resource changes, and the resource is often described in terms of yield, stock-recruit 
relationships, and surplus production models. 

Related Words: stock-recruit relationship, surplus production models 

Bibliographic Reading: Hilborn et al. 1980; Holling 1973, 1978, 1989; Lee 1993; Lee and Lawrence 
1986; Ludwig and Walters 1981; Ludwig et al. 1993; Smith and Walters 1981; Walters 1986; Walters 
and Hilbom 1976; and Walters and Holling 1984. 

Biological Diversity 

Definition: Biological diversity or biodiversity is defined as "all hereditarily based variation at all 
levels of organization, from the gene within a single local population or species, to the species composing 
all or part of the local community, and finally to the communities themselves that compose the living 
parts of the multifarious ecosystems of the world" (Reaka-Kudla et al. 1997). The study of biodiversity 
includes not only the study of living organisms at all levels, from genetics through species to higher 
taxonomic levels, but also the interaction with habitats and ecosystems (Meffe and Carroll 1994). 

Related Words: effective population size, evolutionarily signzficant unit, genetic diversity 

Bibliographic Reading: Allendorf and Leary 1988; Allendorf and Waples 1996; Baskin 1994; and 
Reaka-Kudla et al. 1997. 



Deme (see localpopulation) 

Effective Population Size (N,) 

Definitions: Effective population size (N,) is a useful concept for estimating the expected rate of loss of 
genetic variation in isolated populations, and it is often considerably less than absolute or census number 
of individuals (N,). N, is a measure of the population of breeding individuals produced each generation 
by random union of an equal number of male and female gametes randomly drawn from the previous 
generation (Wright 1969). In other words, it is a population in which every individual has an equal 
probability of contributing genes to the next generation with the assumptions that the population is 
randomly mating with discrete generations, equal sex ratios, even progeny distribution, and no selection 
(Crow and Kimura 1970). To the extent that these assumptions are violated, N, will be less than N, 
(Nelson and Soul6 1987). 

There are few trustworthy estimates of N, in natural population (Ryman et al. 1981). In natural 
populations, N, is extremely hard to measure, and it may be very much smaller than the census 
population (Simon et al. 1986; Nelson and Soul6 1987). Various authors have suggested ratios of N, 1 N 
(Soul6 1980; Nelson and Soul6 1987), and these ratios vary from 50% to 10% for fish populations. 

However, Pacific salmon with the exception of pink salmon do not have discrete generations, an 
important assumption in the calculation of N,. Statistical estimation of Ne for salmonids has been given 
by Tajima (1992). Waples (1990) using simulations suggested that multiplying effective number of 
breeders in any given year (Nb) by the average age of reproduction gives a suitable estimate of N,. 
Specifically, Ne = gNb where g is the generation length or average age of spawning. 

Related Words: extinction, founding population, minimum viable population 

Bibliographic Reading: Begon 1977; Gilpin and Soul6 1986; Lande and Barrowclough 1987; Ryrnan 
et al. 1981; and Tajima 1992. 

Endangered Species 

Definitions: The Endangers Species Act defines an endangered species as "any species which is in 
danger of extinction throughout all or a significant portion of its range other than a species of the Class 
Insecta determined by the Secretary (Departments of Interior, Commerce, or Agriculture as appropriate) 
to constitute a pest whose protection under the provisions of this Act would present an overwhelming an 
overriding risk to man." 

Related Words: species, subspecies, population segment, threatened species 

Bibliographic Reading: Angermeier and Williams 1994; Hyman et al. 1993; Nehlsen et al. 1991; 
NRC 1995; Public Law 100-478, October 7, 1988, Endangered Species Act of 1973 as amended through 
1988; and Utter 1980. 



Evolutionarily Significant Unit (ESU) 

Definitions: Evolutionavily signzficant units (ESUs) were as originally suggested in 1985 by the 
American Association of Zoological Parks and Aquariums as an alternative to subspecies, their 
frustration with subspecies being that the term was arbitrary and meaningless (Ryder 1986), as 
anecdotally epitomized by cases in which two separate subspecies were named from littermates. 
Following their describing and coining of ESU, Waples (1 991c) gave the term prominence by proposing 
its use in defining populations for the purpose of possible protection under the Endangered Species Act 
(ESA). Waples defined an ESU as follows: 

A vertebrate population will be considered distinct (and hence a "species") for purposes of conservation 
under the Act if the population represents an evolutionarily significant unit (ESU) of the biological 
species. An ESU is a population (or group of populations) that: 

(1) Is substantially reproductively isolated from other conspecific population units, and 
(2) Represents an important component in the evolutionary legacy of the species. 

According to Waples the reproductive isolation "must be enough to allow evolutionarily important 
differences to accrue." The evolutionary legacy refers to the heritable material that an ESU must possess 
and be capable of "carrying forward into the future," and of course that heritable material must be 
important to the species by having unique characteristics not common in other ESUs. 

The legislative history of the ESA indicated that the act was to protect genetic diversity without 
becoming excessive - that is, "to list populations sparingly and only when biological evidence indicates 
that such action is warranted (Waples 1991~) .  The ESU concept was therefore developed to eliminate 
insignificant or genetically nonunique populations from being designated as "species" under the act. By 
adding the two ESU criteria for the "species" designation under the act, ESUs presumably reduced the 
number of populations that would otherwise have been candidate for consideration. 

Related Words: conspecific, gene flow, reproductive isolation, species, subspecies 

Bibliographic Reading: Backrnan and Berg 1992; Fox 1991; Hyrnan et al. 1993; Nielsen 1993; NMFS 
1978; Rohlf 1991; Utter et al. 1993; Waples 1991a,b,c; and Waples 1995. 

Extinct (Extirpate) 

Definitions: Random House Unabridged Dictionary defines extinct as a adjective meaning "no longer in 
existence; that has ended or died out," and extinction as a noun of the same meaning. It defines extirpate 
as a verb meaning "to remove or destroy totally; do away with." 

In biological usage extirpate is usually describes the elimination of a population from an area or the 
eradication of a species. 

Related Words: exterminate, eradicate 



Bibliographic Reading: CPMPNAS 1996; Dobzhansk~ 1950; Lande and Orzack 1988; and Richter- 
Dyn and Goel 1972. 

Fitness 

Definitions: Darwin's notion offitness was based on reproducibility of the individual; i.e., a highly fit 
individual produced many more offspring than one that was not particularly fit, hence the survival of the 
fittest (Darwin 1859). That notion of fitness was then applied to populations and to species. 

Fitness in population genetics is a quantitative measure of reproductive success of a given genotype, i.e. 
the average number of progeny left by this genotype as compared to the average number of progeny of 
other competing genotypes F (Rieger et al. 1991). 

Related Words: natural selection, genotype 

Bibliographic Reading: Darwin 1859; and Kapuscinski 1984. 

Genetic Diversity 

Definitions: Genetic diversity refers to all genetic variation both within and among populations and 
species. This variation can be partitioned and studied in a hierarchical manner. A typical hierarchy might 
include variability within individuals, among individuals within populations, and among populations 
within species. Conservation of genetic diversity requires conservation at all levels of the hierarchy 
(Allendorf et al. 1987). 

Related Words: biodiversity, fixed allele, genetic drift, heterozygosity, migration, mutation, 

Bibliographic Reading: Allendorf and Leary 1988; Allendorf and Waples 1996; Crow and Morton 
1955; CPMPNAS 1996; Grant 1963; Lacy 1987; Meffe and Carroll 1994; Nei 1987; Nelson and Soul6 
1987; and Waples 1990. 

Local Population (Population, Deme) 

Definitions: Random House Unabridged Dictionary (Flexner 1993) lists six varied definitions for the 
term population, including statistical and demographic definitions. The biological definition is "all the 
individuals of one species living in a given area, or the assemblage of a specific type of organism living 
in a given area." Given the variety ofpopulation definitions and because populations represent the major 
biological unit between individuals and species (Mayr 1963), ecologists wanted a biological term for 
population that was unencumbered by other meanings. 



Local pop~llation - that is, a group of interbreeding organisms sharing a defined locale - became and 
remains a popular replacement for population. A local population composes a gene pool, which means 
that theoretically any individual within the local population has an equal chance of mating with any other 
individual of the opposite sex within the local population. Although this panmictic view of breeding in 
reality is not generally held to be particularly accountable in real local populations, the concept of spatial 
distinctiveness is central to defining local populations of a species. 

The term deme, was first suggested by Gilmour and Gregor (1939) as a synonym for population, but as 
population gave way to local population, Wright (1955) and others suggested deme as the synonym for 
local population. This suggestion is well accepted today. 

Related Words: population segment, metapopulation, subspecies 

Bibliographic Reading: Allendorf 1983; Gilmour and Gregor 1939; Gilmour and Heslop-Harrison 
1954; Mayr 1963; Nei 1972; Rich 1939; and Wright 1940, 195 1, 1969. 

Metapopulation 

Definition: The term metapopulation refers to an aggregation of patchily distributed local populations 
that are interconnected by migration corridors between the local populations. While there is some degree 
of migration between local populations, the chances of an individual from one local population mating 
with that of another population is far less than the chances of its mating with an individual within its 
deme. Were the same individuals composing a metapopulation to instead form one large continuous 
population such that the chances for any individual mating with any other individual were approximately 
the same, then the evolutionary framework of the population could be quite different than it would be as 
a metapopulation. In some species metapopulations are naturally occurring, but in other species large 
continuous populations may have been converted to metapopulations by anthropogenic factors, such as 
destruction of a continuous habitat into patches of habitat. 

Related Words: Deme, localpopulation, overlapping populations 

Bibliographic Reading: Allendorf 1983; CPMPNAS 1996; and Wright 1940, 195 1, 1969. 

Minimum Viable Population (MVP) 

Definitions: The concept of viable population or "what is enough has interested biologists from a wide 
range of disciplines and is one of the more difficult and challenging problems in conservation biology. 
Soul6 (1987) states the question of what is a viable population more specifically: "What are the minimum 
conditions for the long-term persistence and adaptation of a species or population in a given place?" 
Often the concept of viable population has been equated with minimum viable population or MVP and 
has lead to extensive studies in population viability analysis (PVA) (see chapters in Soul6 1987). These 
studies cross disciplines and include considerations drawn from ecology, population dynamics, genetics 
as well as habitat and climatic considerations. However, there is a general consensus that there is not 
single value or "magic number" that has universal validity (Soul6 1987). 



The term minimum viable population (MVP) was proposed by Schaefer (1981) as "a minimum viable 
population for any given species in any given habitat is the smallest isolated population having a 99% 
chance of remaining extant for 1,000 years despite the foreseeable effects of demographic, 
environmental, and genetic stochasticity, and natural catastrophes." 

The concept has evolved to refer to the smallest isolated population size that has a specified percent 
chance of remaining extant for a specified period of time in the face of foreseeable demographic, genetic, 
and environmental stochasticities, plus natural catastrophes (Meffe and Carroll 1994). The level of risk 
(probability of persistence) can be adjusted on a case by case basis. For example, in certain cases a 50% 
probability of persistence for 100 years might be acceptable, while in other cases a 99% probability of 
persistence for 1000 years might be recommended (Soul6 1987). The National Research Council recently 
reviewed the factors involved in estimating risk under the ESA (NRC 1995). 

National Marine Fisheries Services undertook an extensive review of the question of minimum viable 
populations under the ESA with specific reference to Pacific salmon (Thompson 1991). Thompson 
(1991) outlined three types of approaches for determining MVP: (1) population genetic considerations or 
"rules of thumb", (2) analytic approaches, and (3) simulation. The "rules of thumb" were proposed by 
Franklin (1980) and Soul6 (1980). They have been termed the "50/500" rules because they prescribe a 
short-term effective population size (NJ of 50 to prevent an unacceptable rate of inbreeding and a long- 
term N, of 500 to maintain overall genetic variability. It is important to recognize that effective 
population size can be much smaller than the census number (ADF&G 1985). Analytic approaches 
include population genetic models (Crow and Kimura 1970; Franklin 1980; Lande and Barrowclough 
1987), birth-and-death process (MacArthur and Wilson 1967; Goodman 1987), and diffusion models 
(Dennis et al. 1991). Examples of simulation approaches include those of Schaefer (1981), Lande and 
Orzack (1988), and Dennis et al. (1991). 

Related Words: extinction, founding population, genetic viability 

Bibliographic Reading: Carson 1983; CPMPNAS 1996; Franklin 1980; Gilpin and Soul6 1986; 
Richter-Dyn and Goel 1972; Schaefer 198 1, 1990; and Thomas 1990. 

Species 

Definitions: In Linnaean terms species were believed to arbitrary units developed for purposes of 
scientific convenience; species were characterized by consistency and morphological delimitation. As 
Darwin (1859) explained, "[the term species] does not essentially differ from the term variety which is 
given to less distinct and more fluctuating forms." This typological or morphological concept of a 
species may have reached its peak when some taxonomists even tried to decipher species based on 
percentages of shared and unique morphological characteristics (Ginsburg 1938). The morphological 
species concept began to fall apart when systematists realized that it did not work well for some species 
that demonstrated considerable polymorphic diversity or when two species shared extremely similar 
morphologies. Concurrently they began to recognize the concept treated species as an assemblage of 
inanimate objects, which for groups of naturally reproducing organisms seemed inappropriate. 

The concept of species as a natural unit rather than an arbitrary one was first proposed by Ray (1686) and 
was furthered by Koeler in 1760 who suggested that individuals belong to a species if they produce 



fertile offspring. The cross-fertility species concept failed when it was recognized that "many fully cross- 
fertile animals may live side by side without interbreeding because their reproductive isolation is 
maintained by isolating mechanisms other than the sterility barrier" (Mayr 1963). 

This gave rise to the nondi~nensional species concept, which proposed that species were groups that 
shared the same geographic area (sympatric) at the same time but were not the same (i.e., they were 
discontinuous), even though their physical differences might be barely perceptible. The concept 
introduced the notion of interbreeding individuals as the criterion for determining species. Its 
shortcoming was that it failed to recognize that individuals that are geographically separated (allopatric 
instead of syrnpatric) may belong to the same species. 

Mayr's (1940) definition produced the modern concept of a species as "groups of actually or potentially 
interbreeding populations which are reproductively isolated from other such groups." Dobzhansky (1950) 
offered a similar definition: "[a species is] is the largest and most inclusive . . . reproductive community 
of sexual and cross-fertilizing individuals which share a common gene pool." The biological species 
concept emphasized three aspects of a species (Mayr 1963): 

(1) Species defined by distinctness rather than difference. 
(2) Species consist of populations, not individuals. 
(3) Species express reproductive isolation among sympatric populations. 

While this concept remains conceptually defensible today, it has lost its much of its preeminence because 
applying it to allopatric populations (i.e., actually determining "potentially interbreeding7') and some 
parthenogenic species (all female) is impractical and presumptuous. It is being challenged today by the 
evolutionary concept of a species (Wiley 1981), which indicates that species are "a single lineage of 
ancestor-descendant populations which maintains its identify from other such lineages and which has its 
own evolutionary tendencies and historical fate." A related species definition, the phylogenetic concept, 
is even more restrictive: as described by Utter et al. (1993) a species is "the smallest detectable 
population with unique sets of characters." 

These species concepts evolved because new techniques to assess genetic relations (e.g., biochemical 
analyses) provide new and presumably more reliable measures of species designations than did the 
interbreeding criteria. The concepts also redefine species to the population level, which evolutionary 
biologists today believe is the level at which evolution occurs, rather than at the biological species level. 
However, systematists still adhere to the biological concept for delineating species, at least in part to 
maintain a functional system of nomenclature. 

The Endangered Species Act (ESA) definition of species embraces the evolutionary/phylogenetic 
concepts; that is, a species includes "any subspecies of fish or wildlife or plants and any distinct 
population segment of any species or vertebrate fish or wildlife which interbreeds when mature." From 
the ESA species definition, the evolutionarily signiJicant unit (ESU) was developed (Waples 199 1 c) as 
an approach to defining what was meant by "population segment" based on the historical intent of the 
act, which sought to protect "losses of genetic variations." In a pragmatic sense then, ESU becomes a 
synonym for species as defined by ESA. 

Related Words: endangered species, evolutionarily signzficant unit, threatened species, polytypic 
species, reproductive isolating mechanisms, sibling species, speciation, subspecies, syrnpatriclallopatric 



Bibliographic Reading: Darwin 1859; Ginsburg 1938; Grant 1963; Mayr 1963; Otte and Endler 1989; 
Ray 1686; Utter et al. 1993; Waples 1991b; and Wiley 1981. 

Stock 

Definitions: Random House Unabridged dictionary defines stock, as generally applied to wild fauna and 
flora, as: "a race or other related group of animals or plants" (Flexner 1993). However, the dictionary 
also lists 60 other widely varied definitions of stock, which suggests that use of the word in the biological 
sciences was borrowed from the common language and did not have a scientific origin. Agrarian uses of 
stock probably preceded and gave rise to biological applications. 

Busack and Marshall (1995) define stock as "a group of interbreeding individuals that is genetically 
distinct and' substantially reproductively isolated from other such groups." They appear to have 
developed their notion of a stock from Ricker's (1972) definition: "fish spawning in a particular lake or 
stream (or portion of it) at a particular season, which fish to a substantial degree do not interbreed with 
any group spawning in a different place." Underlined in both these definitions is the word "substantial," 
which introduces much more scientific subjectivity than is found in the biological definition of species 
and makes actual identification of stocks more problematic. 

The basic tenet is that if introgression between two spatially or temporally distinct interbreeding groups 
is substantial, then the two groups may actually be one group or subcomponents of an even larger group. 
Substantial has not been objectively defined, probably because no scientist wants to open that Pandora's 
Box. The other part of the problem is that we rarely know how much introgression is occurring between 
such groups of fish. A variety of techniques that determine genetic uniqueness and similarity between 
such groups can be used to index levels of introgression, but they are expensive and labor intensive, and 
as more data are developed from different collections, the job of separating distinct stocks from the 
continuum of data points becomes ever more difficult and subjective. 

An objective definition of a stock is suggested by Booke (1981): "a population of fish that maintains and 
sustains Castle-Hardy-Weinberg equilibrium." This equilibrium refers to stability of allelic proportions 
within a spawning population, indicating a balance in the rate at which undesirable alleles are introduced 
and eliminated from the population. This definition, while philosophically sound, is not particularly 
pragmatic because Hardy-Weinberg equilibriums are even more difficult to validate with real data. 

From the fisheries management perspective of a stock was based on the need to somehow lump fish 
together into units that could be managed. Larkin (1972) indicated that a stock was any group of 
populations separately fished; similarly Ricker's (1975) management-based definition of stock was "the 
part of a fish population which is under consideration from the point of view of actual or potential 
utilization." This differed from Ricker's (1972) biological stock concept, which was based on 
interbreeding and genetic consistency. It ignores those considerations and defines stocks as groups that 
share temporal and spatial migration patterns and are therefore managed as a unit to provide some desired 
split between fishery catch and a target number of spawners. While some of these stocks may actually 
represent true biological stocks, such occurrences would be coincidental; most stocks delineated by 
management capability could instead include from a fraction of one to many biological stocks. 

ficker's (1975) management definition, however, fails to recognize that fishery managers frequently 
identify stocks based on geographic or temporal distinctiveness or separation of spawning areas, which 



they assume represent the natal source for most of the subsequent interbreeding adults. It is the numbers 
of individuals composing these groups that managers rigorously seek to estimate each season, under the 
notion that some specific number is needed to sustain that interbreeding group into the future. Whether 
the spawners occupying those areas can be discretely managed or must be managed in aggregate with 
other stocks is not particularly relevant. This management-based concept of stock is reflected by Van 
Alen (in press), and seems to be more widespread among managers than than Ricker's management 
definition. However, Ricker's management definition of stock is quite close to Van Alen's definition of a 
stock group: 

Stock group: a term originating with salmon management that refers to geographic groupings of two or more 
stocks that experinence similar environmental influences and have similar migration routes and timing. This 
enables stock groups to be managed as discrete units; thus, stock groups share common patterns of 
exploitation because management actions similarly harvest or protect fish in a stock group. For all these 
reasons, stocks in a stock group presumably have similar levels of productivity. 

Evolutionarily significant units, which arose from the Endangered Species Act as a policy for protecting 
evolutionarily unique genetic stocks, further confused the stock concept and led to divisiveness among 
managers and conservation biologists. 

Ambiguity and disparity in these stock concepts has lead to recent discrediting of the use of stock in 
conservation biology and use of the word deme instead (CPMPNAS 1996; Geiger and Gharrett 1998). 
Geiger and Gharrett further suggest that stock should be limited to fisheries management uses. 

Related Words: deme, evolutionarily signiJicant unit (ESU), localpopulation, metapopulation, race 

Bibliographic Reading: Allendorf et al. 1987; Booke 1981; Dobzhansky 1950, 1970; Fox 1991; 
Geiger and Gharrett 1998; Ginsburg 193 8; Helle 198 1 ; and Larlun 1972. 

Subspecies 

Definitions: Subspecies as a taxonomic term entered the systematists' common language in the 1800s, 
and like the term species was assigned the same sort of typological definition, the only difference being 
that it was one taxonomic unit below species. Mayr (1963) defines subspecies as "an aggregate of local 
populations of a species, inhabiting a geographic subdivision of the range of the species and differing 
taxonomically from other populations of the species." That is, a subspecies is designated by measurable 
or visible morphological and geographical differences. Often the morphological differences are subtle 
and even less distinct in areas where their respective portions of the species range overlap. 

Subspecific epithets are included as the third part of the binomial scientific species name. For example, 
Atlantic and Pacific herring were until recently believed to be two subspecies: Clupea harengus 
hargenus and C. harengus pallasi, respectively. Based on a study of their biochemical genetics, they 
were reclassified as two separate species: C. harengus and C. pallasi, respectively. 

Mayr (1954) suggested abandoning use of the term subspecies because it is arbitrary and exists only for 
the convenience of pigeonholing morphologically distinct geographic isolates of a species and, as such, is 
a category that lacks evolutionary and biological pertinence. As Mayr (1 963) described: 



Whenever a thorough bion~etsic-morphological analysis established a meall difference between the sanlples, 
this was considered sufficient justification by these authors to describe a new subspecies. In the more 
intensely studied groups of animals this approach has led to a wild-goose chase for new subspecies, and has 
seriously impaired the usefulness of the subspecies category. . .The better the geographic variation of a 
species is known, the more difficult it becomes to delimit subspecies and the more obvious it becomes that 
many such delimitations are arbitrary. 

Reduced attention to subspecies is underway largely because modem genetic techniques, by which 
genetic distance between populations is being determined, have produced greater interest on the 
evolutionarily significant population and less interest in the arbitrary clumping of populations into 
subspecies that sometimes, if not often, have proved weakly founded (Ryder 1986). 

Related Words: evolutionarily signzficant unit (ESU), genetic distance, race, species, variety (plants) 

Bibliographic Reading: Grant 1963; and Mayr 1963. 

Threatened Species 

Definitions: Under the Endangered Species Act a threatened species is any species that is likely to 
become an endangered species within the foreseeable future throughout all or a significant portion of its 
range. 

Related Words: endangered species, population segment, species, subspecies 

Bibliographic Reading: Angermeier and Williams 1994; Hyman et al. 1993; Nehlsen et al. 1991; 
NRC 1995; Public Law 100-478, October 7, 1988, Endangered Species Act of 1973 as amended through 
1988: and Utter 1980. 
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