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ABSTRACT 

A method for determining a representative count of a 
sample dependent on number of species is presented for 
application to various algal communities. Constant species 
curves are calculated as ejiciencj = (number of individ- 
uals - number of species)/nurnber of individuals and 
diagrammed on a plot of eficiencj versus number of in- 
dividuals counted. Eficiencj is deJined as the probability 
that a new species encountered is minimal. That is, as the 
ratio of number of species to number of individuals ap- 
proaches 1, more individuals will need to be counted in 
order to achieve a representatiue count. Data and cal- 
culations of e@ciencj f rom tulo algal communities are pre- 
sented f o r  illustration. 

Key index words: constant species curves; eficiencj; frob- 
abilitj; specimen counting 

Methods of obtaining a representative sample of 
algal assemblages from various habitats have been 
an ongoing matter of discussion. Furthermore, 
preparation of slide mounts and subsequent count- 
ing of specimens are also a matter of concern. How 
many individuals should be counted from a slide 
mount to represent a sample of an algal assemblage 
in a given habitat? What is the difference in number 
of individuals that should be counted to assure ad- 
equate representation of different habitats or com- 
munities? These broader questions are of interest 
to algal ecologists. 

Representative counts of samples involve a sig- 
nificant investment of time and effort. Generally, 
maximum number of species in a community is given 
by the mode of a log normal distribution, when num- 
ber of species is plotted versus number of individuals 
in intervals on a logarithmic scale (Patrick et al. 
1954, Patrick 1963, Patrick and Strawbridge 1963). 
However, what is the relation between maximum 
number of species in numbers of communities and 
the number of individuals counted in numbers of 
communities? 

Consideration of sample size may be important 
for comparison of different algal collections from 
different kinds of communities; that is, collections 
may be compared if collection area size is the same 
or each collection consists of a random sample of 
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individuals (Hurlbert 197 1). However, number of 
species for a single sample size may also indicate an 
erroneous proportion of number of species to num- 
ber of individuals (Hurlbert 197 1); for example, 
counting 500 specimens for a benthic community 
would not necessarily be indicative of proportion of 
number of species to number of individuals. Ac- 
cording to Hurlbert (1971), the most useful ap- 
proach would be to calculate, plot, and compare 
species richness curves or plots of a random selection 
of a fixed number of individuals in a collection versus 
expected number of species in a sample. 

In palynology, pollen grains are classified as cat- 
egories or types, and counts are viewed as multiple 
Bernoulli trials. If a specific type(s) of grain(s) is (are) 
chosen to be counted to a fixed total, various dis- 
tributions of the counts emerge. Counting to a fixed 
number for each of three types produces a joint 
multinomial distribution with each type following a 
binomial distribution (Mosimann 1965). If two types 
are counted while only the third type is counted to 
a fixed number, the two types jointly follow a neg- 
ative multinomial distribution with each of the two 
types following a negative binomial distribution. 
Once the sampling plan is chosen, either the mul- 
tinomial or negative multinomial distribution ap- 
plies. Multinomial distribution applies to within the 
pollen sum, whereas negative multinomial distri- 
bution applies to outside the pollen sum (Mosimann 
1965). 

The assumption of multiple Bernoulli trials means 
that specimens are independent and that each spec- 
imen counted has an equal probability of occur- 
rence. For algal counts, is the distribution of species 
on a slide truly random, and therefore does each 
species have an equal probability of occurrence? 
There are many colonial forms so that the next spec- 
imen within a colony is the only real possibility for 
that trial. In addition, if algal slide preparations re- 
veal clumped rather than random distributions, then 
the proportion of number of species to number of 
individuals counted will not be accurate with the 
assumption of multiple Bernoulli trials. 

How does one choose a valid number for a fixed 
count prior to commencing the count? What are 
reasonable criteria for number of specimens to be 
counted? Slide preparations from same-size samples 
of different algal communities have a wide range in 
number of species and specimens per slide. Counting 
a marker specimen to a fixed number may not en- 
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sure counting enough of the other specimens to get 
a representative count of an algal community. 

What constitutes a representative count? T h e  
problem may be viewed as a matter of efficacy and 
efficiency. That  is, to be most effective, the number 
of individuals counted representing species com- 
position must be enough such that the probability 
of encountering a new species is minimal. T h e  result 
would approximate maximum efficiency in count- 
ing. 

To study the problem of what constitutes a rep- 
resentative count, Patrick's (1 963) notion that num- 
ber of species versus number of individuals is loga- 
rithmic will be the starting point. Rather than using 
predetermined fixed count totals as Mosimann (1 965) 
suggested, number of individuals may be deter- 
mined early during the course of counting. Follow- 
ing Hurlbert's (197 1) suggestion, we  present graph- 
ical diagrams useful in determining counts of indi- 
viduals for number of species found. For illustration, 
planktonic and benthic communities will be exam- 
ined. Elucidating a method for counting a represen- 
tative number of individuals of species composition 
across many kinds of communities will provide a 
formal procedure for algal specimen counting and 
provide confidence in results obtained. 

Theory Except in limiting cases, as counts are  ex- 
tended, number of species discovered is inversely 
proportional to number of individuals already enu- 
merated. That  is, as more individuals are  counted, 
fewer new species will be found. Generally, this re- 
lation is represented mathematically as 

f(x) = a 1n(x) - b. (1) 
For n species for n communities, equation (1) is mod- 
ified as 

f(x) = a ln(x - n) - b, (2) 
where a and b are constants, n is the number of 
species, and x is the number of individuals to be 
counted. As n is changed in value, separate equa- 
tions for each of n species are  determined, and 
n constant species curves result. When f(x) = 0, 
n = x. 

T h e  first derivative, and therefore the slope, is 

f(x) = a/x - n, x > n, (3) 

(4) 

or 
f(x) = a/xo+r, - xo, 

where xO+k is the number of individuals to be count- 
ed, xo is the number of species, and k is an integer 
greater than 0. T h e  slope may also be represented 
as 

m = Ay/Ax ( 5 )  

(6) 

(7) 

or  

= ( Y O t k  - )O) / (xO+k  - XO) 

f"(x) = -a/(x - n)*. 

and 

From the Mean Value Theorem, 

Therefore, 

where xo+k is the number of individuals to  be count- 
ed. 

T h e  ratio of number of species to number of in- 
dividuals counted results in a numerical value be- 
tween 0 and 1. Number of species may be defined 
as number of occurrences, whereas number of in- 
dividuals counted may be defined as number of tri- 
als. Therefore, the ratio of species to  number of 
individuals is a probability value. Because number 
of species and number of individuals a re  comple- 
mentary events, probability may be written as 

number of individuals 
- number of species 

number of individuals efficiency = (10) 

or  

number of species 
number of individuals efficiency = 1 - 9 (11) 

where efficiency is the probability that the necessary 
number of individuals have been counted. Maxi- 
mum efficiency in counting means that the proba- 
bility that a new species will be encountered is min- 
imal; that is, the ratio of number of species to  num- 
ber of individuals is nearer to 0 than to 1. 

Let g(x) = efficiency. For a = 1. 

1 - X , , / X ~ + ~  = a ln(xo+, - xo) - b 

Proof of equation (12). We prove that 

1 - xo/xo+k = a ln(x0+, - xo) - b 

(see below). 
(12) 

for a = 1. 

T h e  general mathematical form of constant species 
curves is 

f(x) = a In(xo+, - xo) - b with f(x) = a/xo+k - xo. 

From the Mean Value Theorem, 

xO+k = xO/l - y O + k  + Y O .  

Let g(x) = efficiency, which w e  denote as 

g(X) = 1 - xO/xO+k with g'(X) = (Xo/Xo+k)*. 
From the Mean Value Theorem, 

'O+k = - xO/yO+k - Y O  - 1. 
Therefore, f(x) = g(x). 

For illustration, number of species and counts of 
individuals were available for two different com- 
munities. One  includes slide data from plankton 
samples from Lake Huron near shore surface waters 
(Pappas and Stoermer 1995). T h e  other community 
is slide data from benthic diatom samples from Que- 
bec Harbor, Michipicoten Island, Lake Superior 
(Stoermer 1975). 
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FIG. 1. From left to right, constant species response curves 
for 10, 30, 50, 100, 200, 350, and 500 species diagrammed on a 
plot of efficiency versus number of individuals. 

Constant species curves were calculated and dia- 
grammed on a plot of efficiency versus number of 
individuals. Each constant species curve may be used 
to determine number of individuals to count for 
number of species on a slide in order to achieve a 
particular efficiency. As examples, curves for 10,30, 
50, 100, 200, 350, and 500 species are presented 
(Fig. 1). Extending the ends of the curves to asymp- 
totic efficiency indicates the maximum number to 
be counted. For the specified number of species, 
efficiency of number of individuals counted may be 
determined from Figure 1 or calculated using equa- 
tion (10) or ( 1  l ) .  

When commencing a count, number of species on 
a slide is usually unknown. However, in aquatic sam- 
ples, information such as location of collection, depth 
of collection, offshore or nearshore collection site, 
habitat of collection site, the time of year of collec- 
tion, and other factors are useful in determining a 
first guess as to how many species may be present. 
By counting a few individuals, say, 10-30, a prelim- 
inary check of efficiency may be made. As number 
of species found approaches number of individuals 
counted, an increasing number of individuals would 
need to be counted to achieve high efficiency (Fig. 
1). That is, the probability that a new species will 
be encountered is high; the ratio of number of spe- 
cies to number of individuals is nearer to 1 than to 
0. This may be easily checked by using equation (10) 
or (1 1 )  or constructing a constant species curve such 
as those depicted in Figure 1 .  For each n = 1 ,  2, 
. . . , to maximum number of species likely, constant 
species curves may be calculated and diagrammed. 
Alternatively, efficiency may be approximated or 
interpolated from a diagram with only a few species 
curves (Fig. 1). 

Between communities, level of efficiency should 
be (approximately) the same for ease of comparison. 
However, if efficiencies are very different, especially 
if they are lower for a given community, construc- 
tion of constant species curves may be used to de- 
termine the number of individuals that should have 
been counted to achieve the efficiency being used 
for comparison. In this way, representative counts 
of species composition may be ensured at a specified 
efficiency. 

TABLE 1. Number of species, number of individuals, and eflciencies 
f o r  algal samples from Lake Huron (Pappas and StoQrnwr 1995) and 
Lake Superior (Stoermer 1975). 

Number of Number of 
Location species individuals Efficiency 

~~ ~ 

Lake Huron 39 505 0.923 
47 842 0.944 
52 730 0.929 
54 643 0.916 
60 856 0.930 
67 644 0.896 
67 952 0.930 
70 826 0.915 
87 1203 0.928 

Lake Superior 73 1827 0.960 
84 7961 0.989 

142 1734 0.918 
176 12,774 0.986 

202 10,558 0.981 
202 18,896 0.989 
204 10,450 0.980 
227 9 1,696 0.998 
23 1 42,812 0.995 
232 19,490 0.988 
295 59,151 0.995 
32 1 63,973 0.995 
339 143,820 0.998 

179 19,803 0.991 

Illustrations. For each set of data, number of spe- 
cies, number of individuals counted, and the effi- 
ciency (calculated from equation (10) or ( 1  1)) are 
given in Table 1. Each row in the table represents 
individual slide mounts. Lake Huron slides have small 
numbers of species with number of individuals 
counted, resulting in 90% or greater efficiency. For 
the two slides with 67 species each, an increase in 
count of 308 individuals produced an increase in 
efficiency of 3.4% (Table 1). From equation (10) or 
(1 1) for 67 species, if only 75% efficiency is neces- 
sary, only approximately 268 individuals would need 
to be counted. However, to achieve asymptotic ef- 
ficiency approximately, 6700 individuals would need 
to be counted. 

Extended counts were performed with Lake Su- 
perior slides because number of species ranged from 
'73 to 339. Therefore, high efficiencies resulted. Ex- 
cept for the slide with the fewest number counted, 
efficiencies were at least 96% (Table 1). Slides with 
202 species each had a difference in count of 8338 
with a 0.8% increase efficiency resulting from the 
larger count. It may be judged that the additional 
efficiency was not worth the time and effort. When 
the objective is to obtain a representative count for 
the number of species present, a particular level of 
efficiency is the deciding factor, weighing time for 
additional counting versus a lesser efficiency. For 
Lake Superior slide counts, approaching asymptotic 
efficiency (99.8%) for number of species at 227 and 
339 meant number of individuals counted was 91,696 
and 143,820, respectively. Again, the time necessary 
to produce such results in contrast to less time count- 
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ing with a lower efficiency would need to be weighed 
by each investigator. Depending on how the results 
of counts are  to  be used, or  if the expectation is that 
the algal assemblage has a great number of species, 
approaching asymptotic efficiency in counting may 
be warranted. 

For between community comparison at approxi- 
mately 92% efficiency, 643 individuals were counted 
for 54 species, and 826 were counted for 70 species 
for two Lake Huron slides: 1734 were counted for 
142 species for a Lake Superior slide. This shows 
the progression of number of individuals needed to 
be counted for the same efficiency. T h e  proportion 
of number of species to number of individuals re- 
mains constant across both communities. 

Determining representative counts of species from 
slides of algal samples has been formalized by the 
method outlined in this study. Application of this 
method with efficiency i n  counting will be useful in 

aiding comparisons of species composition and 
abundances in algal assemblages. 
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