
6 Cha p ter 1 Describing a Popu lation 

Describing the Pattern of Variation 
Noti ce th at in our samp le hist ogram, the most commo n size classes are near the middle of the distribution 
(Figure 1.7). Extremely large and ex tre mely small fish are rare, w hile int ermediate sizes are m ore commo n. 
Th e "sky line" of the hi stogr am fits und er a bell-shaped curve that is symme trica l, and h as cha rac teris tic 
ro un de d "sh oulders" and " tails " th at taper to the ends of the range in a p redictab le w ay. Stat ist icians call 
this sh ape a normal distribution (Figure 1.8). 

Figure 1.8 Normally distributed data. 
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This pattern of va ria tion is common in nature, and is enco untered quite often w hen one effect is influenced 
by many independently ac ting causes. Since size in fish is influenced by temperature, diet, water purity, and 

m any othe r factors, it wo uld not be 

16
 

14
 

12
 

10
>­u 
c 
Cll 
:J 8 
0­
~ 
u.. 

6
 

4
 

2
 

8 8.5 9 9.5 

Figure 1.9a Normally distributed data. 
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surprising to fin d that sizes of fish in a 
mi xed-age popula tion are normally 
distributed. Because the normal distribution 
is encountered so commonly, many of the 
sta tistical tools ecologists use to test 
hypotheses assume that varia tions in their 
data are distributed in this bell-shaped •form. Models and tests based on this kind of 
distribution are called parametric statistics . • 
If the histogram of var iation is lopsided , •ha s mo re than one peak, or is too broad or 
too naITOW, then parametric tests should 
not be used (Figu re 1.9). Non-parametric 
tests have been developed for these kind s 
of data. Because the nature of variation in 
your measurem ents is cri tical to further 
analysis, it is always a good idea to draw a 
histogram and compa re your data to a 
normal distribution before takin g your 
ana lysis any farth er. 
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Measuring Variation 
How trustworthy is the mean that we calculate from our sam ple of fish ? Two factors come into play . First, the 
sample size is critica l. 1£ fish in the lake va ry a lot in size, a mean caJC1..ila ted from a sma ll sample (say 10 fish) 

might be significan tly off the mark. By 
Figure 1.9b Bimodally distributed data.	 chance, the 10 fish yOll caugh t might be 

larg er or sm alle r than th e average 
p opula tion size yo u a re trying to 
d escribe. If the samp le is expand ed to 
1000, it is much m ore likely that yo ur 
calculated m ean w ill ac curately reflect 
th e p opulation av erage. A fundamental 
principle of data collection is that the 
sample size must be large enough to 
eliminate sampling errors due to chance 
departures from the population mean. To 
keep our th oughts s traig h t, w e use n = 
size of the sam p le, and N = size of the 
entire population. N is u sually 
unknown, bu t can b e es tima ted in a 
number o f ways. (See Chap ter 4.) 

H ow large, then , must a samp le be? 
Th is d epends o n th e amount of 
v ariation in th e p opulation . Samples 

8 8.5 9 9.51010.51111.5121 2.51 31 3.51414.51 515.516 16.5 tak en from a fish farm where all th e 

Length of Red-ear Sunfish (em) fish are nearly th e sam e size will give 
reliable estima tes , even if th e sam ple is 

sma ll. In a natural p opulation with a grea t range of sizes, th e sam ple has to be expan de d to ens u re that the 
larger variation is ac counted for. Thus, the more variable the population, the larger the sample must be to 
achieve the same level of reliability. It becomes obv ious that we need a s ta tis tic to m easure varia tion . 

To measure the am ount of variation 
Figure 1.9c Skewed data. aroun d the mean, we use a s tatistic call ed 

the standard de viation (abbreviated 
s.d.) , To distinguish between our samp le 
and the entire pop u la tion, we define s = 
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the standard deviation of the sample, 
and a = the standard deviation of the 

12 

14 

whole population . The standa rd 
deviation is expressed in the same units 
as the origin al measurements, which 

>. 10 
C,,) wo uld be em in our hypotheti cal fish c 
(1) 

stu dy. A standa rd deviation can thus be ::J 8 
0­
Ol shown as a porti on of the range On a... 

LL. number line. In normall y di stributed 
pop ulations, 95% of all individuals fall 

6 

within 1.96 standard deviations from tile 
mean. Thi s means that the X-axis of a 

4 

histogram can be marked off in four 
standard deviati on units (tw o above the 
mean, and two below), and rou ghly 95% 
of the obse rva tions will fall w ithin that 
region (Figure 1.10). 
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Figure 1.10 Standard deviations.	 To calculate the size of a standard 
deviation, it is actually easier first to fJ
calculate a related statistic called the 
variance. The variance is the square of •the standard deviation, so we use S2 = the

-2 s.d, -1 s.d. X +1 s.d. +2 s.d. sample variance, and er = the popula­ • 
11tion variance. Calculation of the variance 

is based on the difference between each 
observation and the mean. If all these 
differences are squared, and we calculate • 
an average of the squared values, we have 
the variance. (See Appendix 1.) It is good 
to remember that the units on variance are •
the original measurement units squared. 
If we measure length in em, then the 
sample variance is reported in em" In 
calculating standard deviations, we take 
the square root of the variance, which 
returns us to our original measurement 

88.599.51010.51111.51212.51313.51414.51515.51616.5 units.which is length in em. 

Length of Red-ear Sunfish (em) 

and 

s ~ sample s.d. a ~ population s.d. 

S2 ~ sample variance er ~ population variance 

Check your progress:
 

If the standard deviation of a population is 9.5, what is the population variance?
 

Answer: 90.25 

Confidence Intervals 
There is one more statistic that you will find useful when characterizing the typical sunfish in your 
population with a mean. Incorporating sample size and variation, you can develop a measure of reliability 
of the mean called the standard error (S.E.L 

Assume there are 25 people in your ecology class . Each of you goes to the same pond sometime this week, 
pets a sample of sunfish in the same way, and measures 100 randomly selected individuals. Releasing the 
fish unharmed, you return to the lab and calculate a mean and standard deviation from your data. 



9 Chapter 1 Describing a Population 

Ever yone else d oes the sa me . Would your 25 samp le means be identical? No, but the var ia tion in means 
wo uld be cons ide rably sma ller than the total va riation among the fish in the pond. Rep eating a sampling 
program 25 tim es is usually impractical. Fortunately, statis tics gives us a way to mea sure reliability w hen 
we ha ve on ly one mean developed from one sample. The va riation amo ng all possibl e sample m eans can 
be p redicted from the sample size and the var iation in the pond's sunfish w ith the following formula: 

looking at the formula, you can see the rela tionship 
between error in our estimate, the variability of sun fish, and S.£. s/~ 
the sample size . The sma ller the S.E. is, the more trustworthy 
your calcula ted mean. Note that the sample standard 
deviation is in the numerator of the calculation, so the more 

S.E. = standard erro r of the mean variable the size of the fish, the less accura te the estimate 
you m ade from a random sample. Sample size, on the other s = standard deviation of sample 
hand, is in the denominator. This implies that a lar ge sample n = samp le size 
ma kes your mean mor e reliabl e. The form ula shows that the 
more vari able the population, the larger our sample mu st be 
to hold S.E. to an accep tably small margin of error. 

Since standa rd errors tend to be n ormally distributed, it is a safe assumption that 95% of the variation in 
all po ssible means w ill fall within 1.96 S.E. of the actua l mean. This fact can be used to calcula te a 95% 
confidence int erval as follows: 

95% Confidence interval = x ± 1.96 S.E. x = sample mean 

S.E. = standard error 

Check your progress: 

Calcula te the 95% confidence interval for a mean of 14.3, derived from a sam ple of 25, w here the 
standard deviation is 4.2. Wha t are the upper and lower limits? 

Answer: 12.65 to 15.95 

To go back to our number line, the confidence in tervals can be represented by brackets around the sample 
mean. A 95% confide nce interval implies that the actua l population mean (p) will fall within the brackets you 
have placed aro und your estima te (x) 95% of the tim e und er these experimental cond itions (Figure 1.11). 
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The importance of confi dence limits canno t be ove rs ta ted . Scientifically, it is dish on est to rep ort a sample 
mean by itself. Without sha ring wi th your reader s the sampling meth od s, sample size, and the variability 
of the population , there is no way for them to know how accurate ly the sample mean rep resents the 
population . Always report sample size with a mean, and add some measure of variation. Any of the statistics 
represen ting va ria tion (s, S2, or S.E.) can be repor ted, since anyone of these can be used to calcu la te the 
othe r two. 

Figure 1.11 95% Confidence interval. 
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METHOD A: SEED WEIGHTS IN LEGUMES 
[Laboratory ac tivity] 

Research Question 
How does a po pulation of bean seeds va ry in weight around the typ ical individual? 

Preparation 
At a grocery or health food store, find uncook ed dried beans of seve ral typ es. Bags of approxima tely on e 
pound are id eal. Lima beans, p int o bean s, navy bean s, and grea t northern bean s are goo d varieties to 
choose fro m . If possible, bu y unsort ed bean s; these best represent the population in the field. 

Materials (per laboratory team) 
J-pound bag of bean s (Differen t team s can use different var ieties.)
 

Analytical balance or electron ic balance sens itive to 0.01 g (.001 g is preferable).
 

Plas tic weighing tra y, as large as the bal an ce w ill accommodate.
 

Electronic calculator
 


