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Most of us in  the f i e l d  of wi ld l i fe  have been gu i l ty  during some phases of 
our work of both the misuse and the incomplete use of data .  Plato s a id ,  
" I f  a r i  thmeti%, mensuration, and weighing be taken away from any a r t ,  t ha t  
which remains wil l  not be much." This i s  perhaps more t r ue  today than i t  
was in  P la to ' s  day when experimental sciences were v i r t ua l l y  nonexistent. 
The era  of the descr ipt ive  na tu r a l i s t  i s  over and i t  behooves a l l  of us, i f  
we a r e  to  t h i n k  of ourselves as b io log is t s ,  t o  become famil iar  w i t h  and 
employ mathematical in te rpre ta t ions  of our research data. There i s  v i r t ua l l y  
no study in modern f i e l d  biology t ha t  wil l  not benef i t  by an i n t e l l i g e n t  
s t a t i s t i c a l  approach during both the i n i t i a l  s tages of planning and the  
evaluation of r e su l t s .  This i s  not t o  say t ha t  b iologis ts  should be sub- 
servient  t o  the  s t a t i s t i c i a n  or  t ha t  s t a t i s t i c s  are  a cure-all f o r  poor data.  
Remember t h a t  "figure" and " f i c t i t i o u s "  both derive from the  same Latin root .  

Perhaps most essent ia l  t o  the  proper use of s t a t i s t i c a l  methods of analysis  
in research i s  advance planning. Before you begin a research project  su f f i -  
c ien t  time should be devoted t o  planning and organization of the work so t h a t  
you know ahead of time the types of s t a t i s t i c a l  analyses intended fo r  the  
data ,  the charac te r i s t i cs  required of the data t o  render i t  su i tab le  fo r  
analysis  and the shortcomings or  l imi ta t ions  which may be inherent t o  the  
methods of data col lect ion.  Data resu l t ing  from t h i s  type of advance planning 
o r  experimental design will  readi ly  y ie ld  t o  analysis ,  wil l  be immensely more 
meaningful than data gathered w i t h  no pr ior  plans f o r  t h e i r  treatment and wi l l  
eliminate the f ru s t r a t i on  t ha t  i s  encountered when one t r i e s  t o  salvage 
information from poorly gathered data. 

You, as  b io log is t s ,  are not expected to  be professional biometricians; com- 
petence i n  the  f i e l d  of biology i s  demanding enough t o  occupy the  major 
portion of one 's  1 ifet ime. However, i f  you are  t o  i n t e l l  igent ly  plan your 
projects and out l ine  your s t a t i s t i c a l  problems in  a manner t h a t  i s  under- 
standable t o  a professional s t a t i s t i c i a n  you m u s t  have a broad understanding 
of the basic essen t ia l s  of s t a t i s t i c a l  analysis .  In addit ion,  a workable 
knowledge of the simpler and more frequently used s t a t i s t i c a l  t e s t s  wil l  
great ly  a id  your work and render your data more meaningful. We have included 
in t h i s  repor t  examples of data t reated by such useful s t a t i s t i c a l  t e s t s  as 
chi-square and the " t "  t e s t  with notes on the l imi ta t ions  of the more commonly 
used ari thmetical  parameters. In addition there a re  several excel l en t  t ex t s  
on s t a t i s t i c a l  analysis  and we have found the following three to  be part icu- 
l a r l y  readable f o r  persons w i t h  l imited mathematical background. 
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The report ing of the  r e su l t s  of s tud ies  involving the  in te rpre ta t ion  of data 
requires a ce r ta in  amount of d iscre t ion.  One of the  most frequently encount- 
ered e r ro rs  i n  technical repor t  writ ing i s  t h a t  of l i s t i n g  decimal f rac t ions  
t o  several places when the degree of refinement of the data does not j u s t i f y  
i t .  Such valwes should always be rounded off  t o  conform t o  the l imi ta t ions  
of the data.  Similarly percent i les  should be used w i t h  caution as they mask 
the r e l i a b i l i t y  of the data.  For example "55 percent hunter success" can have 
completely d i f f e r en t  meaning i f  only twenty hunters a r e  interviewed ra ther  
than several hundred. Possible confusion can be avoided by always indicat ing 
sample s i z e  i n  t ab les  and char t s  when percent i les  and r a t i o s  a r e  used. The 
l i s t i n g  of sex r a t i o s  should be standardized and ra ther  than indicat ing these 
on the basis  of 100 females ( i  . e . ,  82 males:100 females) such r a t i o s  should 
be calculated on the basis  of percent males t o  percent females. There has 
been considerable confusion over this point ,  however, the time honored pract ice  
of recording r a t i o s  of males per 100 females poses awkward problems i n  calcu- 
l a t i ng  confidence l imi t s  and such l im i t s  a re  asymmetrical. The Journal of 
Wildlife Management f i n a l l y  a l t e red  i t s  policy in 1957 (Vol. 21, page 347) and 
now recommends the percent r a t i o  system. The use of " s ign i f i can t"  and "corre- 
l a t ion"  i n  technical repor ts  should be r e s t r i c t ed  t o  those cases where they 
r e f e r  t o  the r e su l t s  of s t a t i s t i c a l  analyses. "Significant" generally r e f e r s  
t o  the 0.05 level of r e l i a b i l i t y  while "highly s i gn i f i c an t "  indicates  a 0.01 
level .  

Reporting of data i s  usually best accomplished through the  use of graphs, 
cha r t s ,  and t ab les .  When graphs or char t s  incorporate a l l  the essen t ia l  
data ( o r  enough t o  allow i t  t o  be recalcula ted)  supporting t ab les  are  not 
necessary. Likewise, t ab les ,  graphs and char t s ,  w i t h  reference t o  them in  
the t e x t ,  a r e  frequently a11 t ha t  i s  necessary f o r  the presentat ion of data 
i n  a repor t .  Lengthy reviews of the data i n  the  t ex t  a r e  d i f f i c u l t  t o  follow 
and de t r ac t  from the qua l i ty  of the repor t .  

S t a t i s t i c a l  methods of analys is  should be looked upon as  nei ther  abs t rac t  and 
incomprehensible mathematical bl inds used by ivory tower s c i e n t i s t s  nor as  
crutches t o  support weak data but as essent ia l  and useful too l s  of the wild- 
l i f e  worker. 

Chi-square i s  usually used t o  t e s t  the independence of two c l a s s i f i c a t i ons .  
This t e s t  i s  sometimes cal led  a t e s t  of associa t ion.  The null hypothesis i s  
t h a t  the va r i a t e s  or  a t t r i b u t e s  a re  independent. Consider the following 
exampl e .  

These data a r e  from ae r i a l  counts of brown bears on the Alaska Peninsula. 
The i n t e r e s t  i s  whether you count a d i f f e r en t  composition a t  d i f f e r en t  times 
of the day, i . e . ,  the null hypothesis being t h a t  composition of the counts 
i s  independent of the time of day the counts a r e  made. 
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The expected values a re  based on marginal t o t a l s .  Thus, the expected values 
f o r  sows were obtained as follows: 

Expected val ues by hours : 

The other expected values a re  obtained in  l i ke  fashion only using the appro- 
pri a t e  margi nal t o t a l s .  



The chi-square values a r e  obtained by: (Observed - Expected)Z 
Ex~ected 

and a r e  l i s t e d  below: 

Chi-Square values Total 

- 
Sum of the  chi-  

TOTAL 1.756 9.296 6.184 2.569 square values: 19.805 

The number of degrees of freedom a r e  (number of columns - 1 )  x (number of rows 
- 1 )  o r  in  t h i s  case (4-1) x (5-1) = 12. d . f .  Generally, the  .05 level of 
significance i s  used i n  biological work. To f ind the re jec t ion region, go t o  
Table of Chi-Square, f ind the appropriate degree of freedom and read across t o  
the  0.5 level .  In t h i s  case t h i s  value i s  21.026. I f  the calculated value i s  
l e s s  than t h i s  value we do not r e j e c t  the hypothesis, but i f  i t  i s  greater  than 
t h i s  value we r e j e c t  the hypothesis. Since in this example the  calculated 
value i s  19.805 the hypothesis i s  not re jec ted.  I t  i s  found t h a t  composition 
of the counts a r e  independent of the time of day the counts a r e  made. 

The " t "  t e s t  i s  generally used t o  determine i f  d i f ferences  i n  sample means 
from two populations i s  caused by sampling e r ro r  o r  whether there  ac tua l ly  i s  
a difference between the population means. In the  following t e s t  i t  wi l l  be 
assumed the  variances of the two populations a r e  the  same and this i s  usually 
a correct  assumption when comparing populations w i t h i n  Alaska. There i s  a 
procedure f o r  t r e a t i ng  populations with unequal variances b u t  i t  wi l l  not be 
discussed here. 

The following a r e  hypothetical weights of 1-112 year old deer from two areas.  
I t  i s  of i n t e r e s t  whether the  mean weight of one population i s  ac tual ly  d i f f e r -  
e n t  from the mean weight f o r  the other  a rea ,  therefore ,  the null hypothesis i s  
t h a t  the population means a r e  equal. 

Hypothetical weights of 1-112 year-old deer from two areas :  

Area 1 

Sum of t h e  weights - 53.2 
from Area 1 is: CXl = 393.5 

Number from Area 
1 i n  the  sample is: n = 7 

1 

The mean of Area - 
1 is: Xl = 56.21 

-4- 

Area 2 

62.2 
58.7 
63.1 
62.5 
59.8 

Sum of the  weights - 59.2 
from Area 2 is: CX2 = 367.5 

Number from Area 2 i n  
the sample is: n2 = 6 

The mean of Area 2 - 
is : X2 = 61.25 



Calculate: 

To obtain a common variance i t  i s  necessary t o  ca lcula te :  

2 2 2 2 
Zx, = ZX2 - (EX2) (367.5) 

= 22,535.87 - = 26.50 

The est imate of a common variance is :  

The degrees of freedom a r e  calculated by: 

( n ,  - 1 )  * (n2 - 1 )  = 11 degrees of freedom (d . f . )  f o r  this example. 

The standard deviation appropriate t o  the difference between the sample mean 
i s :  



So tha t  t o  obtain a " t "  value fo r  the t e s t  of the  hypothesis of equal means: 

To obtain the re jec t ion  region, the value f o r  11 degrees of freedom a t  the .05 
level i s  read'from a 'It" table .  This value i s  2.20, therefore  the re jec t ion  
region l i e s  outside of the range of -2.20 and +2.20. Since -3.33 f a l l s  in the 
re jec t ion region the hypothesis of equal population means i s  re jec ted.  

Two of the  most common parameters used when dealing with a sample from a pop- 
u la t ion a re  the  mean and variance. Each of these ,  which a r e  observed from 
the  sample, a r e  est imates of the t r ue  mean and t r ue  variance found i n  the  
population. These two parameters should be used when a sample from the popu- 
l a t ion  i s  used t o  make statements about the  population. When using the  para- 
meters the character  which is  being studied i s  usually assumed t o  be normally 
d i s t r ibu ted  within the population. 

I f  the mean i s  presented alone,  much information i s  concealed and i s  of ten  
misleading. From a population of large s i z e  many samples may be drawn and 
in many cases the samples wil l  exh ib i t  d i f f e r en t  means. I f  the  mean of one 
sample i s  used t o  approximate the t r ue  population mean some measure must be 
made of how accurate t h i s  sample mean is  i n  representing the t rue  population 
mean. To do t h i s  the standard e r ro r  of the  mean i s  often employed. This 
quanti ty i s  a measure of the  spread the means of many samples from the  same 
population w i  11 exhibi t .  For sample s izes  of more than t h i r t y  i t  i s  generally 
accepted t h a t  plus and m i n u s  two standard e r ro rs  from the sample mean wi l l  
include the  population mean 95 times o u t  of 100. When using the mean of a 
sample some consideration ce r ta in ly  should be given t o  presenting the standard 
e r ro r  o r  a t  l e a s t  the sample s i z e  from which the  mean i s  obtained. 

To help c l a r i f y  the above discussion,  de f in i t ions  of variance, standard devi- 
a t i on ,  variance of the mean, and standard e r ro r  of a mean a r e  given below. 
The values used in  these def in i t ions  a r e  from the sample of 1-1/2 year-old 
deer weights from Area 1 ,  used i n  explanation of the  " t "  t e s t .  

Variance: This quanti ty i s  a measure of dispersion of the individuals o r  
character  under study i n  the  population. The variance fo r  the 
sample i s  denoted by s2, and the  variance f o r  the population i s  
denoted by 02 .  For Area 1 deer weights: 



Standard d e v i a t i o n :  Th is  q u a n t i t y  i s  t he  p o s i t i v e  square r o o t  o f  t h e  var iance.  
Th i s  q u a n t i t y  i s  u s e f u l  f o r  d e s c r i b i n g  conf idence 1  i m i  t s  
o f  a  sample i n  r e l a t i o n  t o  t h e  i n d i v i d u a l s  o f  t h e  popula- 
t i o n .  For the  sample t h e  s tandard d e v i a t i o n  i s  denoted by 
s  and f o r  t he  popu la t i on  i t  i s  denoted by o. For Area 1 
deer weights  : 

Variance o f  t h e  mean: Th i s  q u a n t i t y  i s  t h e  var iance  d i v i d e d  by t h e  sample s i ze .  
Th i s  q u a n t i t y  i s  a  measure o f  t he  d i s p e r s i o n  of  t h e  means 
o f  samples drawn f rom t h e  popu la t ion .  For t h e  sample t h i s  
q u a n t i t y  denoted by s 2  and f o r  t h e  p o p u l a t i o n  i t  i s  denoted 
by 02. x 

X 
For Area 1  deer weights :  

Standard e r r o r  o f  a  mean: Th is  q u a n t i t y  i s  t he  p o s i t i v e  square r o o t  of  t h e  v a r i -  
ance o f  t h e  mean. It i s  used f o r  d e s c r i b i n g  t h e  
r e l a t i o n s h i p  of t h e  t r u e  mean t o  t h e  means o f  samples 
which may be drawn f rom t h e  popu la t i on .  Th i s  q u a n t i t y  
i s  o f t e n  c a l l e d  t h e  s tandard d e v i a t i o n  o f  a  mean, o r  
j u s t  s tandard e r r o r .  For  t h e  sample i t  i s  denoted by s, 
and f o r  t h e  p o p u l a t i o n  i t  i s  denoted by a_. For Area 
1  deer we igh ts :  x 
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