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Introduction
The use of the lognormat distribution to describe species abundance has been a key subject of
scientific growth in the ecological iite_rature for decades. Each species, whether we are talking about a
specific bird, plant, insect, or a fungus, is represented by a certain-pépulation size (or number of
individuais) in a given area. This population size is the species’ abundance. If we then look at a subset of
species that occur in a region and determine what percentage of the total number of individuals each
species represents, we can deterrhine their relative species abundance, This writing project will focus
nearly exclusively on questions conéeming the validity of the lognormal distribution applied to species
abundance. Before jumping into the particulars of the project focus, I would like to review the beginnings
of the theory from the seminal papers of Frank Preston. The specific goals of the project will be addressed
| at the end of the introduction.
Frank W, Préston, in 1948, first suggested lognormal relativ;e abundance of species in his paper
The Commonness and Rarity of Species. “Random sanﬁple's of ecologicat or -taxo_nomic assemblages
indicate that the universes from whiéh they are drawn have, at least approximately, ti1e form of an ordinary
Gaussian curve drawn upon a logarithmic base (a "log_normal" curve}.” Even though thé lognormal
distribution cannot be the f:rue- underlying madel, since frequency of species ﬁbundance is discrete, Preston
felt it was a good approximation. When Preston plotted his data, he made three decisions that have been
" carried through or argued in the follow-up literature; (1) Preston used a log 2 base for his plots because to
him it was “logical” and “a matter of convenience” for species in one bin to be twice or half 25 common as
those in an adjoining bin, (2) Preston plotted species abundance by grouping species into érange of
abuﬁdances like bins in a histogram, and he palls the bins “‘octaves”, (3) the octave boundaries were whole
integers, for a base 2 Idgérithm, and he solved the problem by taking the number of species on the
boundary, dividing it in half, and assigning one half'to the bin on each side. Problems with one or another
of these plotting Vdecisions have come up in my own thoughts and in other papers, and wil] be discussed
later in the paper. But, for introduéiory purposes, undérstanding what and how he plotted his data is
important.
Let Y be the species abundance for a randomly chosen species. Apparently Preston assumed that

Y has a lognormal distribution conditional on Y > 1. That is,
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_Preston, however, plotted his data in bins or “octaves.” So, to describe what is found in each bin requires

an integration of portions of this pdf,

. . ‘
Pr(c<Y <d) = jf(y| y<1)dy.
[+
The empirical estimate of Pr(¢ £ Y < d) is obtained by splitting the endpoints into each of the surrounding
bins. The equation above can easily be adapted for the discreteness of the data, for plotting purposeé, by -

changing the integral sign to a summation when dealing with abundances that are integers.
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Figuré 1 Dirk’s moths of Orono, Maine. The octaves are not equally filled; the curve is humped; we
see the right-hand tail, but the left-hand one is hidden behind 2 veil. From Preston, 1948,

Preston stated that we see the underlying distribution, though the left tail is hidden behind a “veil
lix_w”- (Fig. 1) or truncated as we described above. The species with popt.ﬂation sizes too small to have been
capfuyed in the sample are hidden behind this line. If t1_1e sample size is doubled, Preston claimed, the -
species in the original sample would gain-representatives at nearly the same rate and wind up with about
twice as many specimens and, therefore, be assigned to the next higher “octave.” In the doubling of the
sarﬂple we may also capture representatives of “rare” species, those not seen in the o_riginal "sample. The
main result being an octave of new species, revealing a step of the Iognormz-ﬂ curve that, before the

doubling of the sample, was hidden.




Since the Gaussian (or normal) distribution is symmetrical, once we have identified one half of the

curve, the other half can be inferred. Preston used this method for pi'edicti_ng the total species diversity of

sites being sampled.

P;”eston expanded on his hypothesis in 1962 by relating the species abundance curve with an
individuals per octave curve. The primary result of this paper was to creafe the “Canonical Lognormal
Distribution,” one that Preston claimed has some undeniable biological truth. After examining many sets
of data, Preston defined a new variable R to be the number of octaves from the mean. Without explaining
his reasoning well, Preston saw some basic underlying truth in the variance of R and it was coupled with S,
species number, to obtain a fixed variance for most biological communities. With this restriction on the
variance of R, and therefore the o” of the underlying lognormal distribution, the dimension of the i:arameter
space is reduced to one ‘(Fig. 2). I found that Thad a dif’ﬁdult time determining what Preston’s reference to
variance and dispersion, which is normally understooa as a synonym of variance, referred to. The
variances of (1) the underlying lognormal with y as‘ the measu}e on the x-axis and (2) the re-scaled
lognormal with R as.the x-axis are very confused in this paper. I believe that Preston referred to. the
.variance in the nufﬂber of octaves about the mean, In The Canonical Distribution of Commonness anq'
Rarity, Part I, Preston discussed the implications of this lognormal distribution on spécies-area curves and
island biogeography, two major areas of research interest in the field of ecology. .

- Frank Preston founded or developed theoretica_l support for many of the foundatidnal concepts and
| exciting research avenues open to ecologists today. However, he was also the first to couﬁsel caution in

taking his ideas too far. In Part IT of the above-discussed paper , he warns

“The observation that commonness and rarity are oiten
distributed approximately lognormally must be treated as being at
present merely an observation. The hypothesis that all possible
lognormals are not equally likely, but that the distributions tend to
cluster close to that particular lognormal I have ventured to call
Canonical, is also without theoretical basis. It would be a great help

. if we could discover a sound theoretical reason for expecting the
" results of the present paper. In absence of such a reason, the
possibility remains that we may have dealt only with a substantial
group of observations that accidentally fitted our surmises and that
we may later find others that departed widely from them.”
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Figure 2 The canonical lognormal distribution for an ensemble of 178 species. By convention, the x-
axis is scaled as logarithmic (base 2) abundance classes or “octaves” of individuals/species, adjusted
to have a mean of zero. The species curve denotes-the number of species in each octave and the
individual’s curve shows the number of individuals in each abundance class, ‘This particular
distribution is canonical because the mode of the individual’s curve, Ry, coincides with the upper

" truncation point of the species curve, Ryax (i.€., Y = Ry/Ryax = 1). Setting y = 1 couples species count
~ and variance in a specific way. Figure from Preston, 1962 and Explanation from Sugihara, 1980.

Despite Preston’s humility and warnings about taking his ideas beyond the scope for which they
were meant, the lognormal species abundance curve hﬁs become accepted as ecological law and appears in
a wide range of ecology texts, from the introductory to graduate levels (Bro;.vn & Lomolino, 1998; Huston,

: 1994; Molles, 1999; Rosenzweig, 1995; Stilling, 1999), Acceptance, today, haé be-en'based mainly on
publications from Robert May.(May, 1975) and George Sugihara (Silgiha'ra, 1980).

May published a possible statistical cause for the lognormal distribution that got a great deal of
attention. Preston had already Suggesied this reasoning decades earlier in an bbspure journal (Preston,
1957), but the ecological communiti; did not notice it at that time. The explanation of the existence of the
lognormal abundance distribution goes roughly as follows. Relative species abundance is regulated by a
very large number of variables, Environmental and habitat variables control the_ ranges of individual

_species (Huston, 1994; MaéAnhur; 1975; MacArthur & MacArthur, 1961; Pianka, 1967; Platt, Shaw &
Lambshead, 1984; Shmida & Wilson, 19835). Variables controlling competition and resource division

between species determine niche separation (Cook, 1995; DeVries, Murray & Lande, 1997; Hairston, 1959;



Hughes, 1'985; Klopfer & MacArthur, 1961; MacArthur, Recher & Cody, 1966; Paine, 1966; Pianka, 1967;
Simpson,.-1964; Sugihara, 1980; Sugihara, 1989; Taper & Marquet, 1996; Tokeshi, 1990). Life history
variables couple with those of biogeography to influence species compositfor; (Batier & Sadlier, 1993;
Brown & Lomolino, 1998; Cotgreave & Harvey, 1994; Diamond & May, 1981; MacArthur & Wilson,
1967; Pielou, 1975; Shmida & Wilsen, 1985; Usher, Field & Bedford, 1993). Evolutionary and ecological
constraints also contribute to species ranges and densities (Connell & Orias, 1964; Janzen, 1973;
MacArthur & MacArthur, 1961; May, 1975; Pianka_, 1966; Rosenzweig, 1995; Rosenzweig & Abramsky,
1993; Whittaker, 1972). If theée variables affect species abundance additively, the Central Limit Theorem
implies that thé distribution of these abundances will tend toward a nermal. If, instead these variables act
on abundance multiplicatively, the distﬁbuﬁen will tend toward a lognormal, which is seen in many
biclogical cases.

Sugihara suggested a mechanistic source for the relative abundanpe distribution. He offered an
explanation of how species divide resoutces in forming their assemblages, and this theory also resulted in
the f"ormation ofa lognor;nal distribution of species abundance. Sugihara determined that a hierarchically
structured communal niche space will give spécies abundances that plot fognormally, In other words, when
three species will eventually share or‘con.lpete for resources, the first two species will determine their
shares based on the many variables mentioned in the above paragraph, then the third specie;s will carve out
its piece of from one of the first two. Mathematically, this simplifies into randomly dividing a unit
resource at a point uniformly distributed between 0.5 and 1, as one species will always be dominant, Then,
one 6f the resulting piecés is chosen randomly and it too is considered a unit and split in the same way.
Sugihara claimed that this sequential breakage results in a lognormal species abundance curve when
applied to a large Vnumber of species, though no proof was provided.

So, with this statistical confirmation and theoretical Biological base, the ]ognormai distribution has
become enirenched iﬁ the ecological literature, Manuel Molles (Mof[es, 1999) states “The ‘disﬁibution of
commoimeé.é anﬁ rarity’ among species described by Preston is one of the best dogumented patterns in |

~natural communities.” Huston (Huston, 1994) cgl]s lognormal species abundance “one of the most
consistent phenomena in ecol(;gy...” and furthers that “The lognormal distribution is ubiquitoﬁs in

nature....,”



The concept of the lognormal spebies abundance distribution may, however, not be as well
supported as it is commonly beliéved. Debate has raged on both ecological and statistiéal journals for
decades. Data presented in Preston (Preston, 1948; Preston, 1957; Preston, lS"“.SS; Preston, 1960} and many
other articles discussed in the following sections do show a humped curve in species abundances (see also
data from Table ) that could be described as lognormal. However, a methodological twist with Preston’s
method causes many such dﬁta sets to 160k humped, when in fact, arithmetically, they are not. Oﬁwr
evidence is from small data sets. Preston’s (truncated) lognormal was often cited as the best fit best since it
was a versatile shape and was much_ easier to calculate than other suggested models like the logfseries,
negative binomial (Fisher, Corbet & Williams, 1943), or Poisson lognormal (Bulmer, 1974).

- This project has three goals: (1) to follow the develépment of the theory over 5 decades, (2) to find
realistic parameter ranges for lognormal distributions relating to species abundance for the purpose of
future Monte Carlo sampling simulations and (3) to complete a literature review of the support and
opposition to the validity of the thedry. If the underlying distribution of species abundance is lognormal,
and the sampling distribution is then a truncated lognormal as Preston suggested then there must be a range
of parameters within which natural species communities arrange themselves. From a review of the
literature, I hope to find reported parameters of lognormal abundance distributions and gain insight to the
range of the lognormal parametefs present in nature. The Monte Carlo simulations I plan on using are
included in this project as Appendix I. From this literature review I hope to be able to assemble a complete
- .picture of the theory and data behind the concept. Several questions will be examined. How many data
sets support the conclusions of a lognormal species distribution? Do data exist that do not follow the
pattern, and if so, cén the data be explained? Do the data examined provide ﬁs with a concept that is
applicable across many.orr all taxa, or is it specific to a‘ few? I hope to be able to answer some, if not all, of

these questions by the end of this paper.
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Literature Review — Theory Development across the Decades

The body of literature concefning species diversity is vast, encompassing a wide range of ideas all
touching on diversity, but each from different perspectives. The literature pertaining to relative species
abundance is mainly developed from two areas of res-earch. The first tract to develop was that of fitting
distributions and models to sampled data, vﬁtﬁ researchers trying to find a model flexible enough to
accommodate different communities of different taxa. The other area of research pertaining to relative
abundance is that of resource partitioning. How species di.vide resources will strongly impact their relative
abundances, I follow the development of these two perspectives from their beginnings, sequentially

charting the literature as it was published.

The first mention I found of species abundance distributions in the ecological literature dates back
to 1943, when Fisher, Corbet and Williams looked at entomological collections (Fisﬁer et al., 1943). They
detenﬁined thaf when one looked at abundances of the rarer species (they stopped counting after 45
individuals per species), a Fisher-series or log-series fit the data very weil. Fisher showed that the log-
series was a limiting result of a negative binomial distribution. Ifthe nﬁmber of each species contained in

the sample was a Poisson variate with mean A; ,1‘ iy'
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However, since y; cannot take values less than 1, there exists a truncated negative binomial distribution

fO @B _ fOlap) _ 0, lap)
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P(Y, =y | Y, 2])=

‘ where. y=1,2,...,©
a,B>0
0<p<l.

When the shape parameter, ¢, of the gamma approaches zero, the log-seties is the result, eventually,

If we rewrite 1/T'(ct) in the distribution of y using Euler’s formula (Abramowitz & Stengun, 1970), we get
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Then we take the limit the distribution as ¢—0, finding
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by using L Hopital’s rule. The result is the log-series brobabi]ity mass function.

Though this treatment may seem complex as a method of describing a decreasing species
-abundance curve, the idea has a firm basis in mathematics. This first attempt at describing a relative
species abundance curve remains a viable model, in my opinion, at least accurate in that a discrete process
was modeled with a discrete distribution. Ecologists and statisticians alike revisited this model and
variations of it in the following decades, and the statisticians at [east relied on if heavily in their own
species diversity work.

Preston, five years later, published_his first paper on the lognormal distribution of relative species
abundance (Preston, 1948). I have several problems with his methodology as discussed in tﬁe introduction
to this paper. Primarily, the plotting of the data into the bins or octaves he used is not only misleading, but
also mathematically unwie‘idy (which as we know is unforgivable). Iam going to go into a bit of detail
here to exemplify in what way I disagree with Preston’s methodology.

Most data shows a humped curve tTable 1), when plotted in ldgz octaves, giving a location to the

mode that is so important in estimating species richness from the lognormal distribution. This data, which



has been construed as stfong support for lognormal abundance models, can be very misleading. The
existence of a mode in.the iognormal plot is not indicative of a decrease in the rate at which new species are
being added to the sample. This idea is a common misconception among ec(;logists resulting from |
Preston’s methodology.

[am going to givea stép by step description of how the convention of Preston’s plotting method
can give misleading aﬁd highly biased results for estimates of species divers.ity. At small abundances he
would divide the number of species wi.th border abundance (species with ahundaﬁce equal to i, 2.4,8 16,
etc.) in haif and assign one half to the bin below and the other tb the Bin above. It sounds reasonable, but
the effect on whether or not there will be a mode in the distribution is huge. Take, for example, a
commun ity s that was sampled and the following progressioh of abundancgé was found {with the number of
species as a superscript): 192234'25°7°8°9°10%11%12°13 15" 17'13219126‘30‘33‘37140'44152264' (Osa
peninsula beetles, from (Janzen, 1973)).' This sample would have 61 species with oﬁly a single specimen of
each, 24 species with only two representatives in the sample, ete. To divide these species into abundance
bins Preston would proceed as follows, First, the spécies répresented by a single individual would be
divided in half with half going in the <1 ‘bin and half assigned to the bin 1-2. Second, species with 2
individuals each would also be halved with one set staying in the 1-2 bin and the other going to the 2-4 bin.
Then the species with three specimens 'wo.uld all be assigned to the 2-4 bin, as wlould half of the spécies
with four representatives, et cetera (see Fig. 3). So, in a community with nearly 40% of its species being
represented by.a single specimen, Preston’s_ plotting method would still result in a mode being present, In
fact, no matter how-large the group of species represented by a single individual, there will always bea
mode in the 1-2 bin if any species are present in the sample with the abundance of two. If no species are
present with an abundance of one, the mode is contained in an octave larger then thé second. For this to
happen, which is extremely rare, we must have sampled to such an extent in the community to have at least
two of each rare species Without ﬁnding any rarer species with an abundance of only one.

| The bias introduced by this methodology would severely underestimate the number of species in
the community. And this would be especially true for species-rich or under-sampled sites. In today’s
world, the effect could be any of the following: underestimation of the amount of additional sampling

required, having an area dropped from a conservation priority list because the species diversity estimate



was biased low, or a conservation allotment being too small to support the number of species actually in the

habitat.

-Figure 3. Data from Janzen (1973) plotted using Preston’s (1948) methed into Iognormal abundance
ectaves. There is a mode using the log2 base, even when the number of species represented by a
single individual is nearly three times the number of species with two individuals,

Mathematically, I must disagree with this plotting method purely on the basis of its messiness.
The formation of octaves only needed to be inclusive on the lower en& and non-inclusive on the upper to be
neat, infinitely easier to work with, and avoid the problemé discussed above. However, since it is the
splitt.ing of octaves that I have trouble with and not the lognormal distribution itself as a model for species
abundance, 1 would still like to consider the logr_lormal a candidate model for species abundance. .Perhaps

- Williams” idea of using log; sized bins or a non-histogram version of the distribution would be more

ap@ropriate. 1t does bother me that this continuous distribution may give very different estimates of
diversity than a discrete one for the same data. However, I would like to examine the differences,

After Preston @reston, 1948) first introduced the lognormal theory, Simpson (Simpson, 1949),
Dobzhansky (Dobzhansky, 1950), Williams (Williams, 1953), Brian (Brian, 1953) and Patrick et al.

(Patrick, Hohn & Wallace, 1954) all came out with ideas or data pertaining to species abundance. Simpson

10



simply clarified the relationships between the log-series, negative binomial, and the Poisson. Dobzhénsky
relafed the idea of species abundance to evolutionary and environmenta! characteristics of the habitat,
introducing the idea of niche and the trade-off between being a generalist or ébecialist species. He did
mention that a large number of species represented by only a single individual implies more new species
are likely to be found if sampling was to be repeated. The largest conh;ihuti(m to Preston’s theory came
from Williams. He apparently adopted the lognorma! as the appropriate model, after looking at a longer
time-series of data from his light-traps. He suggested, however, abaﬁdoning the use of log 2 as the base for
the species abundance plots and using log 3 instead. When plottiﬂg the “octaves” of Preston, we would
have to split the number of species between bins having numbers of individuals on an octave boundary.
Using log 3 éircumvents this problem. Williams also pointed out that wl_lether or not a mode is seen when
data is ploited, de'lpends on the log base chosen, The mode can disappear completely as the bins in the

* histogram change. Brian, on the other hand, proposed a return to the less simplified (than the lognormal)
negative binomial distribution suggested by Fisher. He noted that vgith the zero term removed, the negative
bindmial is not restricted to the case where the rarest species occur in small numbers. A situation where
rare species are the most numerous also could be modeled with the distribution praposed by Fisher. Ruth
Patrick applied the models of the day to her large sample; of river diatoms. She found that the lognorma!
fit as well as the others and was the easiest to work wﬁh. The debate bétween different mo&els continned
in the decades ahead, but in my opinion, was the purest at the beginning. Theories were being offeréd up
for consideration. How these theories were examined and extrapolated by the ecological cofnmunity after
this infrodubtién of ideas made for interesting reading.

As a follow-up to his original papef, Préston {Preston, 1957) applied the lognormal fo two years
worth qf Maryland State bird counts (averaged), to show the applicability of the theory to avian data. He
also introduced the idea of a statisticéll cause for the distribution the Central Limit Theorem, though he does
so_without actually' naming the theorem and in an obscure journal. Other points brought up in the 1957
paper are possible exﬁlanatio'né fér deviations commonly seen from the lognorr.na] fitied curves Preston
calculated for data. Points tended to fit above the curve on the left side of the distribution and below on the
right, Preston éﬂer discussion with éount caordinators, believed the pattern in the points resulted from the

“staking out” of rare species and the underestimation or conservative counts of common species (Fig. 4). It

11



seems that the data collectors, local bird watchers were involved in an informal competition to determine
-who could find the most species on the data collection day. Rare species were located at a prior date so

they could be found when it was time to collect the data, hence biasing the sample high for rare species.
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Figure 4. Maryland State-Wide Bird Count in 1956 and 1957 (Spring). Curve is an average of two
years. Note the points that fall above the curve on its left side and those that fall below on the right
side. Preston believes these points do not fit the curve because of nen-random sampling by the
collectors. From Preston (1957)

~ Three more papers came to the surface in the late 1950’ oﬁ species abundance, though little
advance was made theoreticéllly. MacArthur (MacArthur, 1957) continued to develop theory on how
species share resources and examined how resources determine the relative abundlance of species. He
developed three hypotheses of resource splitting, and presented the first as the most compelling. If '
communities were formed with non-overlapping continuous niches, MacArthur argued, spec.ies abundances
would conform to what was seen in nature. Of course niches are not discrete or non—over]ap;lning, but an
approximation was being made, compromising the truth of the biology with the difﬁculty of the
mathematics. Preston (Preston, 1958) wrote then on the lognormal in regards to the Audubon Christrmas
B1rd Counts. - In this paper he reiterated his belief that non-random sampling was takmg place in bird
counts, citing competition among samplers and their emphasis on rare birds. Hairston (Hairston, 1959)
then sides with Preston over Brian’s preferenée of the negative binomial and argued against MacArthuf’s
best hypothesis presented in 1957lby comparing simulations to arthropod data. He showed that only for

small sample sizes did MacArthur’s theory predict the abundances seen in samples.
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Si#{ papers published in the 1960’s focused on species abundance, a pair of which advanced theory
markedly. For starters, Robeﬁ MacArthur published two more papers, one alone (MacArthur, 1960) and
another with co-author John MacArthur (MacArthur & MacArthur, 1961), and continued to work on the
biological causes of relative ﬁbundance of species. In 1960, MacArthur made a distinction between
opportunistic and equilibrium species, noting that opportunistic species tend to conform to the lognormal,
He insisted that equilibrium species would, if taken from a single habitat or life history, conform to hig
earlier non-overlapping niche theory. In 1961, the authors questioned more thoroughiy the concept of
niche and its effect on species abundance. Plant diversity was seen as a correlate with bird divefsity, but
MacArthur and MacArthur showed that it is due nearly entirely to the addition of niches with layers of '
canopy. | '

Chris Pielou (Pielou, 1966) wrote a more statistically oriented paper on bioclogical co]lections.
She outlined how to go about measuring diversity on collectioﬁs with different sampling propertiés. In this
paper, she also developed tile relationship between the Shannon-Weiner index and measures of evenness,
effectively kicking off ecology’s decades long, and fruitless (in my 0pipion), love affair with diversity .
indices,

Preston’s work did not falter during this period. In 19‘60_, then again in 1962, he pressed on with
new additions to his lognormal species abundance theory. Preston (Preston, 1960) explored the
equivalence of space and time on samples of biologica_l populations, He drew parallels between Gleason
(Gle?ason, 1922) and Williams {Fisher et al., 1943) who both said that doubling sampling effort should
increase the number of new species by a set amount, Gleason was referring to sampling area, however,
while Williams wrote about time, Preston took ﬁis lognormat distribution and began to explain the
refationship between increasing species richness 'z;.nd inc;reasing area. Preston (Preston, 1962a; Preston,
1962b) introduced the idea of the Canonical Lognormal Distribution. Sugihara (Sugihara, 1980) explaiiled
it best, so I will use his words. .

By convent‘ion, a lognormal species eurve is canonical of the
parameter y has a constant value of 1, where y is the ratio of the
position of the individuals curve mode, Ry, to the upper truncation
point of the species curve, Ryax (see Fig. 2). This is essentially an
empirical relationship deriving from the observation that Ry and
Rpyax have a tendency to coincide. Notice that when y =1, the

independent variables of the general lognormal distribution
become coupled to yield a specific one-parameter family of

13



lognormal curves. For example, the specific coupling between
species count, S, and the variance of the lognormal, 01, can be
written approximately as

S=c+vz/2 exp[@]. l

...it shows that under the canonical hypothesis, a large variance in
the distribution accompanies a large species count. In the general
fognormal distribution, on the other hand, these two parameters
are completely independent.

So, the canonical lognormal distribution Was introduced into the ecological literature, curtailing
the relationship between variance of the curve and the number of spec.ies sampled. Statisticians ignored
this so-called advance, as nowhere has this distribution been analyzed for robustness or appropriateness for
the data it is attributed to eiplaining so well. In the field of ecology, however, the distribution has been
truly “canonized,” Accepted completely by those who write the texts and model species divefsity, the
distribution has been the least criticized piece of ecological theory in the last 4 decades.

The book, Patterns in the Balance of Namre (Williams, 1964), written during this decade had a
great deal to say about species abundance., Williams had the following to say about species diversity:

As aresultof ... complex and endless interplay each species

establishes temporarily an uneasy balance of numbers among all

the others. The pattern of the relative abundance of all the species

in a mixed community (and all wild communities are mixed) is thus

a synthesis of all the competition and cooperation, and all the

difficulties and facilities, that have surrounded all the species of a

community in the recent past; and every minute the position of any

one species is changing in relation to the others. (page 2)
Williams chose to mention the preferences of both himself and Preston when dealing with the lognormal
relationship of relative species abundance. Williams was still convinced of the log3 base being superiof,
but presented the log2 base as an option as well. He offers numerous examples of sampling data in Chapter
3 and even applies the lognormal frequency distribution to the number of species in genera (Chapter 6) and
the abundance of parasites on their hosts (Chapter 8), Clearly he thought the lognormal distribution widely
applicable to problems in ecology.

In the 1970°s, the ecological literature exploded with paperé on species divérsify. Though,

_unfortunately, many of these were focused on finding the ideal index of species diversity (DeJong, 1975;

Heck, Belle & Simberloff, 1975; Hill, 1973; Kempton & Taylor, 1974; Patil & Taillie, 1977; Peet, 1974;
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Peet, 1975; Smith & Grassle, 1977; Whittaker, 1972). Indices, being a single number, were a combination
of the ideas of species richness {(number of species in a community) and evenness (how close the relative
‘abundances of species come to being equal). The relaﬁve abundance curve, (;f course, contains both
elements, but there was a distinct desire by the ecological community for a single number, instead of a
distribution, that could also give the same information. We know that two concepts cannot be explained
adequately by a single variable, but this Rnowledge did not keep ecologists from lookiﬁg for it. We will
igﬁore this sector of fhe species diversity literature, and concentrate instead on develqpments inresearch on
relative species abundance distributions as Huribert (Hurlbert, 1971) suggests:
We therefore can muddle along with a plethora of indices, each
supported by at least one person’s intuition and a few
recommended by fashion, or we can sharpen our thoughts and
rephrase our questions in terims of biologically meaningful
properties which, when calculable on a list of species and their
abundances, we might refer to as species composition parameters.
Some authors did research in both areas, trying to fuse the two approaches together. Whittaker
(Whittaker, 1972) listed maﬁy indices and debated the usefulness of each for different purposes. In the
same paper, he hypothesized links between the lognormal distribution and the niche theory that was being
explored by MacArthur. He suggested that the geometric series fit communities with a strong dominance
of one species over all the others fmd that MacArthur’s non-overlapping niche tl_wory (also know as broken-
- stick) applied very well to communities of territorial and harem-forming 'species.' Additionally, Whittaker
noted that no matter which of the aﬁove (or even a combination of both) paradigms were the basis for a
comimunity, thé sampiing distribution of species abundance would appear lognarmal, '
Dan Jaﬁzen did extensive sampling of insects in Costa Rica and on n‘opicﬁl istands (Janzen, 1973).
Of 127 samples in different habitats and locations, in only 12 of these samples were singletons, species
with only one representative specimen, not the largest class of the abundance curve. ‘The sites where
singletons did not prevail tended td be particularly species-poor with an average of only 9..7 species per site. -
He did not try to fit any models to his data, but if he had the log-series would have fit best for most
samples. .
Bulmer (Bulmer, 1974) circulated, most probably, the most statistically coherent treatment of

species abundance as a sampling problem in the decade of tlie_ 1970°s. He proposed a similar tact as Fisher

(Fisher ef al., 1943), but instead of numbers of species being Poisson random variables with mean, A;, and
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A’s distributed gamma, Bulmer suggested the A’s be distributed lognormally. So, the marginal distribution

of y; is

) 27:0-2 -1/2 s —tox 4 - 1262
SO efy= [ O o pan, = 2T [iriesetotn g,
y

when A ~ LN(u,o% and y; = 6,1,2, ... ,, His justification for_f using the lognbrmal dist_ribution over the
" gamma is actually ﬁ modification of MacArthur’s broken stick model, which originally stated that the
“stick”, or resource, is randomly divided between species. Bulmer makes the. suggestion of sequentié]]y
breaking the stick, still randomly, resulting in a set of abundances that shoul;l be distributed lognormally
(he refers us to a discussion of the “theory of Breakage” by Aitchison and Brown (Aitchison & Brown,
1957)). Thus, 2 lognormal distribution of the number of items in a class was expected when the only
requirement was independence‘of breakage on each portion of stick at eac-:h stage. Bulmer alsovdeveloped
| maximum likelihood estimates for parameters and applied the results to the ubiqditéus diversity indices of
the time. |
Kempton and Taylor (Kempton & Taylor, 1974) used the same distributiéns as Bulmer, the
negative binomial and the Poisson lognormal, and focused on the estimates of tﬁe parameters for moth data.
‘Concerned with the l:uiologic;l] meaning of the parameters, they fit the model§ to moth light-trap data and
estimated the parameter for the log-series and lognormal. Interestingly, Kempton and Taylor found log-
series to fit best in stable communities while the lognormal fit“ changing communities, and cited greater
skewness in ‘the lognormal as the reason. Most research until this point had found the opposite.
In 1974, Steinar Engen (Engen, 1974) advanced even further the theory of Fisher [Fisher, 1942

#50] and Brian (Brian, 1953), that specjes abundances are distributed .with a negative binomia] model. He ~
exfended the negative binomial distribution to fit more situations (details about what these situations might
be are unstated in the paper) by allowiﬁg the shape parameter, o, to také values ﬁ'pm —1 to 0, in addition to
those greater than 0. Also provided in this paper are pseudo maximum likelihood and pseudo moment
methods for estimating parameters for this “extended negative binomial” model. 'Later in the *70’s, Engen
proposed the geometric series as an approximation of relative abundances (Engen, 1975; Engen, 1977).
Engen cited a problem with the assumptions of the original models (Brian, 1953; Fisher et al., 1943; Pielou,

1966; Preston, 1948). Authors had assumed that the abundances of different species were independent,
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when ecologically, dependence ié guaranteed by inter-specific competition, By reformulation of the
original models into conditional distributions, Engen derived thé geometric distribution a's underlying the
expected values of the species distributions for both the lognormal and negati_ve binomial distributions.
Patil and Tailiie (Patil & Taillie, 1977), disagreed with Engen’s results in favor of those of Watterson
(Watterson, 1974). Watterson had taken model.s describing popu]ﬁtion growth of evolving genotypes and
applied them to species abundance. He independently found a basis for Fishef’s logarithmic series of
abundance from three of the genetics-based theories. Engen (Engen, 1978) refuted this challenge in a
- monograph, Stochastic Abundance Models, which was a very thorough review of the models presented in
the literature to date. This debate which occurred in the statistical arena, I am sad to say, went nearly
unnoticed by the field of ecology. Intelligent discussion of which distribution was most precisely
representing the process or which was most elastically descriptive of biological communities was heard by
very few ecologists.
While the statisticians debated amongst themselves, trying to decipher sampling assumptions, May
(May, 1975) published a chap.ter in an important ecology text, Ecology and Evolution of Communities. He
tried to smooth ail ruffled feathers by clarifying a statistical reason for the lognormal abundance curve in
most situations, while assuring biologists that biological reasons existed for finding other distributions in
specific contexts. May reiterated in clear statistical terms Preston’s (Preston, 1957) idea that the lognormal
was a natural result of complex systems via the Central Limit Theorem. This time the explanation took
hold. He also stated that in certain sampling situations, there were biological reasons for other distributions
to be found; namely MacArthur’s broken stick, geometric, and log-series. May’s chapter was a good
review but 'was too conciliatory for any real progress.
Taking a different tact entirely, Pielou in her Book Ecological Diversity (Pielou, 1975) raised
objections concerning the validity of discussing a distribution of abundances. She states
Natice first that to test the fit of a hypothetical model, it is not
permissible to fit a theoretical frequency distribution to the
“frequencies” of the different species listed. These “frequencies”
are not frequencies in the usual sense; they are measures of the
*gizes” or abundances of the species encountered, in other words,

observations on the variate whose distribution is being
investigated. '
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Another topic is mentioned in the book with which she disagreed with previous authors. She
emphasized that when increasing the sample of specimens by either extending the time or area of the
sample, one is changing the underlying community being sampled. One is no;, she insisted, increasing the
intensity of the sampling.

I agree with her completely, but when [ look at thé problem a different way, I disagree. Iagree
with her totally on the point that the abundances are not random variables in a statistical sense. For
instance, if sampling wa..s doubled in a given place we would not get twice as many data points. We obtain
a different number of points (species) with new values associated with them (abundances). This is why,
when we increase sample effort we are not increasing the intensity of the sampling, we are actually
changing the distribution from which we are sampling. On the other haﬁd, it makes intuitive sense to me
* that there exists, at 4 given ﬁlace at' a given time, a true distribution of relative abundances of species. If we

sample specimens from the species present, are we ﬁot going to get an abundance distribution with which
we can estimate the underlying universe? And further, if we sample from the species present more |
intensively, will we not be able to estimate this distrihu?ioh with more accuracy? This question is pivotal to
the ecological fascination with biological diversity. Are we even sampling in such a way as to make the
underlying abundance universe estimable? Is it even estimable in any meaningful way? Pieléu certainly is
able to state the pivotal questions and question the integral issues in order to force thought about the
complexities of the subject, both from a sampling and probability standpoint.

With the advent of the 1980’s, we entered an era of computers being cdmmonly ap;;lied to tasks in
ecological research. There is no surprise to me, then, that several advances.were made in this decade
resulting from simulation and complex systems analysis,

Sugihara (Sugihara, 1980) disagreed with May’s and Preston’s explanation that the lognormal
distribution came about thr(-)ugh a statistical artifact. He wanted to see a mechanistic explanation and
started with niche apportionment. Through simulations, Sugihara determined that resource or niche .

- partitioning could explain both the canionical lognormal abundance pattern and the species-area
relationship. Bulmer (Bulmer, 1974) first presented this idea, but the simulations showing the same result
added credence to the idea. If a resonrce is divided randomly and sequentially, a lognormal niche size

pattern is observed. If we assume that resource size translates directly into population size, niche
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apportionment can explain the lognormal-like pattern observed so often. Later in the decade, work was
done (Harvey & Godfray, 1987; Sugihara, 1989) on whether or not the assumption that abundance was
equal to resource allocation held up under scrutiny,

Preston continued to lock at the lognormal abundance distribution and publisiied ideas.about when
abundance curves are not canonical (Preston, 1980), though he really asked more questions than he
answered. After comparing Christmas Bird counts in the tropic and the Nearctic, he was puzzled by the
differences in estimated sigma values for the fitted lognormal. He suggested that the canonical lognormal
might only describe equilibrium situations, and that there were many causes for ecosystems not to be
stable.

May (1981), was the ﬁ-rst to speak of the lognormal abundance theory in tones that suggested it
was a fact of nature. He stated “Once the community consists of a relatively large assembly of species, ...
there is a bell-shaped Gaussian distribution in the logarithms of the species abundances.” He did mention,
howe\-fer, that simpler communities, those with low numbers of species, can be described by other
distributions and tended to be more stable under human perturbations. The importance of these ideas for
global management was his closing statement, which 1 include here because it was very well-worded,
though a bit moralistic:

An important general conclusion is that the large and
unprecedented perturbations imposed by man are likely to be more
traumatic for complex natural systems than for simple ones. This
inverts the naive, if well intentioned, view that “complexity begets
stability,” and its accompanying moral that we should preserve, or
even create, complex systems as buffers against man’s
importunities, I would argue that the complex natural ecosystems
currently under siege in the tropics and the subtropics are less able
to withstand our battering than are the relatively simple temporal
and boreal systems.

Benthic marine species assemblages were examined by Hughes (Hughes, 1984; Hughes, 1985;
Hughes, 1986), and he discovered that many marine invertebrate communities did not conform to the by
" now standard log-series and lognormal abundance relationships, When he looked at dominance-diversity
plots (species in rank order on the x-axis and number of individuals sampled for that species on the y-axis)
of the standard models and his data, he found that there was a concave shape to his data that fit neither the

log-series nor the lognormal (truncated to the left of the mode). He did not compare his data to a lognormal

distribution truncated to the right of the mode, however. He stated that this method was untenabie, since to
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predict any of the parameters of the lognormal, the mode is neéded. Yet, given his method of choosing
between models, which consisted of determining by eye whether or not the predicted model showed the
“deeply concave” dominance-diversity plot that his data had, I ca-nnot see that -these looking at an
approximate lognormal could give any less precise result_s. | I believe that if he had done so, he would have
discovered a striking similarity, especially in the shapes of the curves, which he seemed most interested in,
_Hughes based his “dynamic” community simulation models on colonization, competition between -
species, and population dynamics of marine organisms and found that he could duplicate the concave shape
of observed marine abundance relationships. He also discovered that stable communities from his models
had more similarity to the log-series and disturbed communities looked more lognormal. Please note that
- this agrees with Kempton and Taylor (Kempton & Taylor, 1974) who also went against popular ecological
theory when reporting their simulation findings. In his third paper of this series, Hughes (1986) compared
the fit of log-seﬁes, lognormal,‘ and his own dynamics models to 222 different datasets of different
orgenisms in different localities. Hughes’ model, based on population growth and colonization, was able to _
fit 94% of the samples, versus 4% for the iog-series and 29% for the lognormal. He also retui’ned to
Williams’ notion that tf;e mode of the lognormal abundance distribution was highly dependent on the scale
of the logarithm used and suggested the mode had little correspondence to the ecology of the community.
It seems to me that the dynamics model, which fits data with mechanistic assembly of species abundances,
would be a good thing'to use in ecology. Howéver, Hughes neither supplied the model in any of his papers
nor did he suggest an approximate form. So, though he claims that his model is better in many ways than
those traditionally used by the ecological community, I don’t see the usefulness of Hughes® model to any
but his mérine invertebrate studies, as he has not opted to inform the rest of us what the model consists of,
A great book, Ecological Diversity and Its Mea.s'urefnem, reviewed the measurement of diversity
and appeared‘ in 1988 (Magurran, 1988). Though Magurran primarily focused oﬁ divérsity indices and hc;w
they are used in environmental decision making and monitoring, she prefaced the body of the work with an
outsfanding review of abundance distributions. She not only discussed the distributions themselves and
under what.circumstances they could often be found, but also covered methods of fitting them to data and

which are the most meaningful measurements to use for abundance. In her opinion, biomass is a much
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more meaningful measure and relates more directly to resource use than number of specimens. I tend to
agree with her on this point.

Speeies abundance distributions are still a hot ecological topic in the present decade. Further
developments in resource ailocation, sampling techniques, and statistical testing have been made.
Mutsunori Tokeshi followed in the footsteps of Sugihara’s work on resource allocation models. The
lognormal abundance theofy becomes accepted By the ecological community and is included in several
texts (Brown & Lomolino, 1998; Huston, 1994; 'Mol]es, 1§99; Ricklefs, 1990; Stilling, 1999) and thematic
books (Ricklefs & Schluter, 1993; Rosenzweig, 1995). The questions about the ﬁse and accurécy of
abundance distributions, however, do not disappear and are discussed in several papers seen below.,

Tokeshi started off the decade with a paper on niche apportionment (Tokeshi, 1990). He lieted a
number of mechanisms that, ecologically, were plausible, some of which we had seen before and others
completely new and much more complex., His random assortment model was a fresh idea in that it
assumed there was no dependence between the species” abundances. Ecologically, this would mean that
species are not at high enough population sizes to cause competition impacts on each other. The niches are
ﬁoi full, so there is little relation between the abundance and niche size. His work brought. him to the

_conclusion that most communities contained species under a mixture of regimes: a few dominant species
being controlled by niche size and the rest followmg non-hmlted random assortment, Obviously a follower
of Sugihara’s work in the 1980°s, Tokeshi updated the model presented by Sugihara in 1980 (Tokeshi,
1996). By changing the way in which-a niche was selected for division (see Fig.5) he unified ideas of
Sugihara and MacArthur. By using his power fraction method, we can, by changing the weighting
procedure for choosing which niche to divide, produce the sequential breakage model of Sugihara, the
\Iveighted breakage madel of MacArthur, or any gradation between the two; if'there is no Weighting, the
Random Fraction model of Sugihara is the result. Ifthe welghtmg is proportional to the niche size,
MacArthur’s Fractlon maodel is created. On the other hand, a more complex welghtmg is possible with this
Power Fraction method. We can weight the probability of choosing a niche by the size of the niche raised
to any pewer. Adding complexity to the model, making it more generalized, Tokeshi hoped to make it

more applicable to real biological data.
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Figure 5, Schematic representation of the Power fraction model (middle), together with the Random
fraction and MacArthur fraction models. In the Random fraction model, species with different niche
" sizes/abundances have the same chance of heing selected for subsequent niche division (speciation or
invasion by a new species), i.e. probability weighting is zero. In the Power fraction model, the
probability of selection is proportional to niche size (or abundance) raised to a power. In the
MacArthur fraction model, the probability of selection is proportional only to the size of the niche.

From Tokeshi (1996).
Tokeshi tested the fit of the model to high quality data and found that the fit was good. He

believed that, compared to Sugihara and MacArthur’s models, it had wider theoretical implications. He
asked what qther niche apportionment models could be eﬁcompas_séd if he expanded the possible range of &
to plus and miﬁus infinity. |

Colwell and Coddington (Colwell & Coddington, 1994) wrote on a diverse number of subjects
pertailning fo biodiversity. One section of their paper reviews methods of fitting relative abundance for the
purpose of estimating species richness. They review the treatments from the past, admit there are problems
Witil the lognormal model, and encourage development of methods to fit discrete distribution. Since the
data are not continuous, discrete distributions give very different estimates of richness, though Colwell and

Coddington claimed that they are prohibitively difficult to fit. 1 am sure this paper will become one of the

new “classics” because of Colwell and Coddington’s thorough treatment of the subject matter.
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Sampling using nested subsets is the to.pic for two papers with opposing conclusions. Cook
(Cook, 1995) insisted that any measurement of diversity that does not include the area sampled is useless
for comparison to other sites. Many of the diversity indices of the *70’s and 30’s were lacking this feature,
as are species abundance distributions. On the other hand, it was found in tropical plots where complete
census® were performed (Condit er al., 1996) that “species accumulated simply and predictably as a
function of individuals counted, but not as a function of' area.” Condit et al. concluded that species-
individual curves (relative abundance) were better for estimating diversity that were species-area curves.
The second paper also had some very interesting results regarding the shape of sampling plots and its effect
on di.versity estimates. | |

There were sev;eral papers published in the ‘90’s th‘at contributed small but still important pieces to
the puzzle. A paper consisting mostly of diversity indices comparisons (Ghent, 1991) had the two
following points in its favor: (1) Ghent tried to put the math surrounding_d_iversity issues into language
understandable to most biologists, and (2) he did a good job of determining which indices were meaningful,
and n"u?ntioning, as if in passing, that even thé good indices were no more informative than the variance of
the species abundances. The lognormal distribution was seen to also describe the sizé of species ranges in-
the United States (Pagel, May & Collie, 1991), a topic linked with species abundance at a given site.
Bastow, a botanist, decided to p.rovide standardized methods for fitting the different types of models
describing relative abundance (Bastow, 1991). Bastow found that none was consis'tently bet;er than any
other. South African insect abundances were found to follow either lognormal or log-series distributions
(Davis, 1993), though the author did not publish the parameters. In an Ecuadorian rainforest, butterflies
abundances were also lognormal (DeVries et al., 1997) e;'en at low numbers of specimens per speciés
(6690 individuals of 1130 species). Fagan and Kareiva (Fagan & Kareiva, 1997) looked at species
accumulation curves and lognormal species abundance curves of Oregon butterflies, and determined that
the lognormal approach éave better estimates of diversity with less chance of overestimation. Keating et
al. (Keating ef al., 1998) used a negative binomial estimator (Efron & Thirstéd, 1976) with most success
when predicting richness of simulated communities and collected iﬁsects. Most of these papers were
fﬁcused on the organi.sms in question and not methods pf estimation, so the contribution to the theory is

small yet important for its support or refute of the existing information,
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That &';oncludes the information I have found in the published literature, but there are several
developments not yet published, that deserve mention. Maurer and Taper (Maurer & Taper, pers. cofnm.)
have examined long term samples of Breeding Bird Surveys and found that invnearly all instances a gamma
distribution fits the species abundances better than the lognormal. Another development occurred
pertaining to the negative binomial model, with which Engen took exception.due' to the assumption that
species abundances must be independent. In nature, abundances are clearly not independent due to
competition and predation between species. Brown et al. (Brown et al., in prep.) look at cotrelation
matrices of simulated multi-species assemblages, and found that even if species abundances are very
dependent on each other in a two-species system, the correlation coefficients between the same species in a
larger assemblage are very small. There may éxis_t a moderating effect from all the inter-dependencies
beﬁeen many species such that independence in multi-species communities may not be an insurmountable
~ assumption.

In Summa:y, multiple theories along each of two branches of research converge toward species _
abundance distributions. Several workable, and equally valid approaches, are presently available to choose
from in the literature. I, personally, see no reason from the literature to focus solely on the lognormal. 1
find the negative binomial to be especially attractive due to its discrete nature matching the form of data

and predictions desired.
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Table 1. A list of data sets used in literature focused on species diversity and relative abundance theory.
Not all entries were originally collected for the type of analysis done in the cited papers, however, each is a
sample of the number of organisms, biomass, or pairs of species located in a given place over a given time.
Datasets are listed in chronological order of their citation in the species abundance literature, and include
the organism type, the original source, total individuals captured, length of sample period (in years), where

it was cited in the species abundance literature, and what was found by those who looked at the relative

- abundance of the data set. Blanks in the table reflect a lack of information in the referring paper, This
table is by no means comprehensive. It is merely a [ist of data, in those papers that I have personally read,
that I have seen species abundance theory applied to.

!

Organisms Source Total Ind. | Total | Yrs. Cited in - Notes
Spp. .
Moths Williams, 1939, 15,609 | 240 4 Fisher et al., 1942 No mode
1940 arithmetically
Birds Saunders, 1936 14,353 80 1 Preston, 1948 Mode log2 -
: : Williams, 1953 Mode log 3
MacArthur, 1960 Mode
Preston, 1962 arithmetically
Williams, 1964
Engen, 1977 |
-| Birds and Preston and 47 2 Preston, 1948 Modelog2
Nests Norris, 1947 .
Moths Dirks, 1937 56,131 | 349 4 Preston, 1948 Modelog2 .
o Engen, 1977 No mode
Williams, 1964 arithmetically
| Moths Williams, 1943 15,609 | 240 4 | Preston, 1948 Mode log 2
Moths King, 87,110 { 277 22 { Preston, 1948 | Mode log 2
unpublished
Moths Seamans, 303,251 ¢ 291 23 Preston, 1948 Mode log 2
unpublished ] ,
Trees Black et al. 564 | 60 1 Dobzhansky, 1950 | No mode
1950 arithmetically
: Mode log 2
Trees 'Black et al. 423 87 i Dobzhansky, 1950 | No mode
1950 : arithmetically
Moths 6814 | 197 1 | Williams, 1953 No mode
arithmetically
Mode log3
Moths 35,428 | 304 4 Williams, 1953 Mode log 3
Moths 5972 | 197 2 Williams, 1953 Mode log 3
Bulmer, 1974 No mode arith
Moths 12,456 | 249 2 Williams, 1953 Mode log 3
Moths 87,400 | 346 4 Williams, 1953 Mode log 3 .
Moths 7,378 | 197 0.08 | Williams, 1953 No mode log 3
Moths 5,232 84 0.08 | Williams, 1953 No made log 3
Moths 26,300 § 265 | 0.75 | Williams, 1953 Mode at log 3
Beetles Palmen, 1944 ~13,000 | 393 2/365 | Williams, 1953 Mode
) ) Williams, 1964 arithmetically
" Beetles Palmen, 1944 ~14,000 | 466 | 2/365 | Williams, 1953 Mode
: Williams, 1964 arithmetically
Birds Stewart & ~200 | 24 Williams, 1953 No mode log 3
Aldrich, 1949 :
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Organisms Source Total Ind. | Total | Yrs. Cited in Notes
‘ Spp.
Collembolans | Agrell, 1941 1,744 27 Brian, 1953 Mode neg. bin.
Collembolans | Agrell, 1941 1,832 | 22 Brian, 1953 Mode neg. bin.
Collembolans | Agrell, 1941 2,565 | 25 Brian, 1953 Mode neg. bin.
Collembolans | Agrell, 1941 6414 | 35 Brian, 1953 Mode neg. bin.
Collembolans | Agrell, 1941 4,189 27 Brian, 1953 No mode log-
. series
Collembolans | Agrell, 1941 9,033 36 Brian, 1953 No mode log-
series
Collembolans | Agrell, 1941 11,126 27 Brian, 1953 Mode neg, bin,
Collembolans | Salt et al., 1948 4,859 24 Brian, 1953 Mode neg. bin.
Birds Robbins, pers. >20,000 | 223 2 Preston, 1957 Mode log 2
Comm.
Birds Scott, 1953 6,273,759 1/365 | Preston, 1958 Mode log 2
Birds Scott, 1956 24,762,840 | 487 1/365 | Preston, 1958 Mode log 2
Birds Thomas, S. E. 177 10 | Preston, 1960 Mode log 2 in-
' | Preston, 1962 octave 1-2
Birds Hicks, 1935 86 10 | Preston, 1962 Mode log 2
Birds Walkinshaw, 31 10 | Preston, 1962 Mode log 2
1947 :
Birds Williams, 1947 33 15 | Preston, 1962 Mode log 2
Birds Kendeigh, 1946 24 3 Preston, 1962 Neg. contagion
Birds Kendeigh, 1946 17 3 Preston, 1962 Neg. contagion
Birds - Kendeigh, 1946 8 3 Preston, 1962 Neg. contagion
Gastropods Kohn, 1959 134 4 Preston, 1962 -Neg. contagion
Gastropods Kohn, 1959 182 9 Preston, 1962 Neg. contagion
Piants Oosting, 1942 15 Preston, 1962 Pos. contagion -
Plants Oosting, 1942 { 10 Preston, 1962 Pos. contagion
Herons Mayfield 1710 3. 1 Preston, 1962 Pos. contagion
Herons Mayfield 2 1 Preston, 1962 Pos. contagion
Birds Belknap, 1951 >1000 6 1 Preston, 1962 Pos. contagion
Birds Belknap, 1951 >1700 5 1 Preston, 1962 Pos. contagion
Passerines Henderson ~55,555 5 1 Preston, 1962 Pos. contagion
Diatoms Patrick, 1954 ~2,000 [ 68 Patrick, 1963 Mode log2
. Preston, 1980 -
Diatoms Patrick, 1954 ~3500 | ~150 Patrick, 1963 Mode log 2
- Preston, 1980 .
Diatoms Patrick, 1954 >40,000 | 535 Patrick, 1963 Mode log 2
Preston, 1980
Insects Garthside, 1928 5186 | 399 Williams, 1964 No mode arith
Insects Garthside, 1928 5665 | 48 Williams, 1964 No mode arith
Ingects Graham, 1933 221 Williams, 1964 No mode arith
Insects Graham, 1933 126 Williams, 1964 No mode arith
Butterflies Corbet, 1942 9031 | 620 Williams, 1964 No mode arith
Bulmer, 1974 Poss. Zero term
Lepidoptera | Taylor and 1148 | 36 3 Williams, 1964 Singletons and
Carter, 1961 ' doubletons
. equal
Sphingidae Williams, 1954 65| 19 | 1/365 | Williams, 1964 No mode arith
Sphingidae Williams, 1954 92| 21 1365 | Williams, 1964 No mode arith
Diptera Haileybury 192 28 Williams, 1964 No mode arith

College, 1951
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Total

Cited in

Organisms Source Total Ind. Yrs. Notes
Coleoptera Easton, 1947 3102 1 273 1/365 | Williams, 1964 No mode arith
Coleoptera Easton, 1947 957 | 150 1/365 | Williams, 1964 No mode arith
Carabidae Den Boer, 1958 8113 63 1 Williams, 1964 No mode arith
Diptera Laurence, 1955 3035 25 1 Williams, 1964 Mode log3
Snakes "Dunn and 12321 30 Williams, 1964 Mode log 3

Allandoerfer, 914 | 52 Mode log 3
1949 3041 § 44 Mode log 3
' 2500 | 53 Mode log 3
Birds Illinois CBC, 1,145,000 | 146 4 Williams, 1964 Mode log 3 for
1954-1957 : each yr. and tot.
Birds Ennion, 1960 23,934 | 140 8 Williams, 1964 No mode arith
. ‘ Mode log 3
| Algae Margalef, 1949 2348 | 355 Williams, 1964 No mode arith
Fungus Hyde and 2302 | 17gen 1 Williams, 1964 No mode arith .
Williams, 1949 : : ' '
Beetles and : 125 data 1/365 | Janzen, 1973 3 had a mode
Bugs sets . arithmetically
Insects Taylor, 1973 | 16 datasets | 32- 1 Kempton and None with an
Taylor and 80-9572 | 262 each | Taylor, 1974 arithmetic mode
French, 1973 '
Insects Bliss, 1965 Kempton and No mede log 2
' Taylor, 1974 '
Birds Audubon, 1970- Several Preston, 1980 Mode log 2 for
1978 data sefs most
Birds D. R. Pfouiz, ~700 11 Preston, 1980 Double octave
pers. comm. Complete log 2
Birds L. Steiner, pers. ~250 18 Preston, 1980 Double octave
Comm. Complete log 2
Marine 3 gets of his -Hughes, 1984 One w/ possible
invertebrates own data mode log 2
Marine Moare, 1973 2 data sets Hughes, 1984 No mode log 2
invertebrates .
Marine Austin et al., Hughes, 1984 No mode log 2
invertebrates 1980 .
Marine Pearson, 1975 Hughes, 1984 Mode log 2
invertebrates :
Marine . Gage, 1972 2 data sets Hughes, 1984 Mode log 2
invertebrates
Marine Rosenberg, Hughes, 1984 No mode log 2
invertebrates 1974
Marine Joserson, 1981 2 data sets Hughes, 1984 No mode log 2
invertebrates
Marine Buchanan and Hughes, 1984 No mode log 2
invertebrates Warwick, 1975 )
Marine Probert, 1981 Hughes, 1984 No mode log 2
invertebrates
Chironomids | Tokeshi, 1985 Tokeshi, 1990
Dung beetles 32,753 5 Davis, 1993 Log-series
Dung bestles 7189 6 Davis, 1993 Log-series
Dung beetles 44 4 Davis, 1993 Log-series
Dung beetles 48 7 Davis, 1993 | Log-series
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Organisms Source Total Ind. | Total | Yrs. Cited in Notes
Spp. :

Dung beetles 400 ] 16 Davis, 1993 Log-normal

Dung beetles 4894 | 20 Davis, 1993 "Log-series

Dung beetles 5156 | 34 Davis, 1993 Log-series

Dung beetles 7506 { 42 Davis, 1993 Log-normal

Dung beetles 11,847 9 Davis, 1993 Log-series

Dung beetles 549 7 Davis, 1993 Log-series

Dung beetles 356 6 Davis, 1993 Log-series

Dung beetles 8571 33 Davis, 1993 Log-series

Dung beetles 15,530 77 Davis, 1993 . Log-series

Dung beetles | Doube et al., 131,196 5 Davis, 1993 Log-series
1991

Dung beetles | Doube et al., 133,488 5 Davis, 1993 Log-series
1991

Dung beetles | Lumaret & 2046 11 Davis, 1993 Log-series
Kirk, 1991

Butterflies Hinchliff, 1994 Tot 11,994 | 214 Fagan and Kareiva, | Lognormal fit
37 Oregon cnys | (64— 1053) 1997 ' to 28 of 37 cnys

| Butterflies 6690 | 130 DeVries et al,, Mode log 3
1997 .
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Literature Review — Looking for Realistic Lognormal Parameters

Some time ago, before I had accomplished the major literature review above, 1 attempted to
“simulate sampling from log-normally-distributed communities. A problem with this plan stalled me at the
very beginning. 1 did not know what the likely lognormal parameters (u, o°) were for biological systems. I
predicted it would be difficult to find parameters estimated by other researchers in the literature from large
samples so I could get an idea of the range of biologically realistic p’s and o’s. What I did not realize, was
| that there is negrly a complete absence of repotted lognormal fit parameter estimates in papers concerning
abundance relationships. There ate many papers which report the lognormal model as the best fit to at least
a subset of their species abuﬁdance data, but very few in which the parameter estirlnates of that lognormal
fit are repo&ed. In fact, rarely are the parameter estimates mentioned at all, even in theoretical literétur_e.
Dozens of authors, of c'()urse, attempted to fit a variety of models to their data. Many made the
determination of which model best fit their data, citing the log-series or lognormal or others as the best fit.
Many methods of comparison were used by these authors: mean squared error, AIC values, Chi-squared
tests, and Kolmogorov-Smirnov tests. Yet, ﬁearly'none of tﬁe papers I read included in their write-up the
. parameters of the distributions that applied tc; their data. Even the parameters for the model of best fit were
excluded. I tried writing to several of these authors to obtain the information, but was unsuccessful in each
case and did not pursue this for every author. | .
The first direct source I found was a small paragraph in a textbook, Ecology by Robert E. Ricklefs
(Ricklefs, 1990). He mentioned that Preston (Preston, 19.48) found dispersion values of 2.3 fbr.bifds and
- 3.1-4.7 for moths; and that Patrick et al. (Pairick et al., 1954) cé_lcqlated values of 2.8-4.7 for diatoms. 1
had always assumed dispersion and variance w-er_e synonyms, but v;hcn Treread the papers I discovered that
this was not the case. Preston wrote of Gaussian distributions with the variance in terms of the variable a,
the dispersion factor mentioned above. In.later papers, he Supplied the formula ¢ = 1fsqﬁ(2a2) 1o calculate
the variance of these curves though this conversion was fairly evident from the formulae. I calculated 6™*s
from information given in eaéh of the papers. The estimated cé’s for the Gaussian distributions in
Preston’s paper lic between 9.70-21.64 and for Patrick’s are between 9.36-20.07. The important thing to

note about these variance estimates is that they refer, not to variance of abundance, but variance of octaves
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about the mode octave, which is a very loosc interpretation of variance, in my opinion, Preston m later
papers, estimated Gaussian distributions with variances of 11.02 (Preston, 1957), 30.2 (Pre‘ston, 1958) and
13.85 (Preston, 1960), though he felt the middle estimate was biased high fror;x non-ra-ndom sampling. In
the Canonical Lognormal paper, Preston (Preston, 1962a) listed two additional estimates from birds in
England & Wales {Fisher, 1952} and Finland (Marikallio, 1958) as 25.5 and 23 4, respectively. We must
keep in mind thﬁt both of these authors were using a log2 base for their plots of abundances.

More estimates of lognormal variance appear in Preéton’s 1962 paper, but are coupled with his
Canonical Lognormal theory. Since the number of species determines the variance, in this theory,
estimates of the variances increase from 13.8 to 49.8 as the number of species in the sample increase from
100 to one million. Preston galled these the parameters of the canonical ensemble.

The best source of parameter estimates I have found has been William’s (Williams, 1964) book
Patterns in the Balance of Nature. Chapter 3 hag ﬁlariy réferences to dataéets {Table 1), most of which
have an estimated standard deviation. In this text, the octaves are calculated with log base 3, and estimates
are in terms of base 3 unless omemiSe noted. For moths at Rothamsted the estimated mean and standard
deviation is 0.65 ‘i 0.85. Maine lepidopterans had estimates 1.25 + 0.92. British nesting birds were
estimated to have 3.75 + 1.55 with a log base of 10. The birds of Quaker Run were found to have 1.65 +
0.8, and four years worth of the Itlinois Christmas bird counts were found to have estimated parameters of
1.30+£1.3. |

Kempton and Taylor (kempton & Taylor, 1974) give a list of estimated i’s and &’s of Poisson
lognormal distributions fit to moth sampling data. Their estimates of  varied betweeﬁ —4.38 and 2,16,
The negative p’s must refer to data .without a mode (if they do not subscribe to Preston’s binning m;:thod
this is possible). Estimated o’s ranged ﬁ'qrn 0.99-2.98, which translates iﬁto variances of 0.98-8.88. The
authors stated that the discrete Poisson lognormal is more appropriate in cases where the siaecies arg
clumping on the left side of the curve. This is a very different range of values for p and o than we saw from
the other two authors who used the continuous lognormal.

The last paper which I ‘found mention of éstimhtes of lognormal parameters was DeVries et al.
(DeVries et al., 1997). They reported an estimated mean = 1,852 and variance = 3.278 in log 3 base for

their fruit feeding butterflies. I wish ali authors had reported as much.
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One additional paper mentions estimates of parameters, but not for tﬁe lognormal distribution.
Brian (Brian, 1953) included a list of estimates for parameters of the negative binomial distribution. He
listed six community types with associated spedies number, number of specirﬁens, and 3 estimated
constants of the distribution,

So, I must conclude, that for the purposes of finding appropriate bounds on parameters for Monte
Carlo sampling, this literature review was not nearly as productive as I had hoped. What the review didl
accomplish, however, was to allow me to see the linear progression of theory development. During my
first reading of the literature, 1 had approached it from the opposite end, temporally. Starting with the most
recent literature, I worked my way backward through relevant citations. It helped me immensely to see the
development of ideas and at the same time have a clear idea on what background those ideas were based.
This chronolc.)gical synthesis also helped me see the direction I would like fo take my own research. I

discuss some specifics of this in the last section.
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Conclusions

In the Sections above, there has been little clear support for the logndﬁn_al distribution as a good
model for species abundance data, The literature appeared to be divided, with ecologists accepting and
modeling mechanisms to support the idea while statistiéians discarded it and began looking in Several other
directions. The parametefs published for the lognormal were few and far between, most from nearly a half
century ago. Tﬁe data that has been used over the decades in suppbrt of the lognormal and other ‘
descriptive distributions tended to be inconclusive (Table 1). Some seenied to support tl;le fognormal, while
other samples supported log-series, negative binomial, Poisson lognormal, and geometric distributions,
Most of the data showed a humped curve, when plotted in log2 octaves, giving é location to the mode that
is so important in estimating species richness from the lognormal distribution. It is this data, which could
be construed as strong support for lognormal abundances, which is the most misleading,

The mode in the lognormal plot is rot indicative of a decrease in the rate at v;rhich new species are
béing added to the sample. I will restate the fact that I have a very significant disagreement with Preston’s
method of determining which species are included in which octave (see Literature Review for details).

Iam ndt going to reject the lognormal as a potentially descriptive model of species abundance, but
I have decided whi_le completing this paper to discard it as a valid and true model of abundapées. Itis
simply too contrived and requires too much manipulation to be of use to either ecologists or statisticians. I
would like to pursue the fitting of discrete distributions to abundance data. The negative binomial
distribution deserves more attention, in my opinion. The Monte ‘Carlo simulations, with which this whole
project started, can be looked at again with several candidate models for the universe of the population.

Ultimately, my research goals are to model the parameters of the distributions that look
appropriate, u-s‘ing long-term field collection data (i.e. selected Breeding Bird Survey and Audubon
Christmas bird counts) as the dependeﬁt abundances and environmental covariates as the independent
variables. Once a model for the underlying universe is constructed, I should be able to predict the universe

“at other locations, making estimates of species richness and evenness possible. Additionally, I propose
combining the distributions predicted from the environmental variables for a given site with existing data

from that site, within an empirical Bayesian framework, to increase the precision of the pi'ediction. 1
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belicve that the predicted mode! of the relative abundances would make a good prior distribution, and,

coupled with the data from the site, a much more precise posterjor distribution could result.
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