
Statistical and Quantitative Research 

Environmental impacts may escape detection if the statistical tests used to analyze data from field stud
ies are inadequate or the field design is not appropriate. To alleviate this problem, PNL scientists are 
doing theoretical research which will provide the basis for new sampling schemes or better methods to 
analyze and present data. Such efforts have resulted in recommendations about the optimal size of 
study plots, sampling intensity, field replication, and program duration. Costs associated with any of 
these factors can be substantial if, for example, attention is not paid to the adequacy of a sampling 
scheme. In the study of dynamics of large-mammal populations, the findings are sometimes surprising. 
For example, the survival of a grizzly bear population may hinge on the loss of one or two adult 
females per year. 

DEVELOPING STATISTICAL METHODS TO EVALUATE 
ENVIRONMENTAL BEHAVIOR OF RADIONUCLIDES 

Efficient field sampling designs and statis
tical analyses enable scientists to define 
the movement of radionuclides in the environ
ment, estimate amounts and concentrations of 
contaminants in an ecosystem, assess the need 
for cleanup, and evaluate compliance with en
vironmental guidelines and regulations. Be
cause statistical analyses are used to make 
decisions that will affect public health and 
safety, the best analytical methods should be 
used. 

During fiscal year 1982, our scientists eval
uated twelve formulas for estimating the 
transfer of radionuclides from one component 
of an ecosystem to another, such as from soil 
to plants. Our results show that for lognor
mally distributed data, the geometric mean of 
ratios (yi/x·) is the preferred estimator of 
a true (constant) underlying ratio relation
ship, even if large measurement errors are 
present. When data are normally distributed, 
the ratio of means (y/x) or a slight modi
fication of the ratio (y/x) is preferred. 

Statistical methods developed and adapted for 
describing the impacts of radionuclides on 
the environment are published in the PNL 
quarterly report, TRAN-STAT, and in journal 
articles. Also , a book 1s being written on 
statistical aspects of contaminant field 
studies. 

These publications improve technology trans
fer and communications between statisticians 
and scientists engaged in radionuclide 
studies. 

The book , scheduled for publication by Life
time Learning Publications in 1985, is being 
written specifically for radioecologists, 
environmental scientists, and health physi
cists . It will be of use to scientists in 
other areas of research as well . Topics 
discussed include estimating concentration 
ratios, designing studies , testing for com-
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pliance, assessing the uncertainty of dose
transport model predictions, and estimating 
the spatial distribution and inventory of 
contaminants. 

TRAN-STAT is distributed to 165 recipients, 
including Department of Energy contractors 
and other interested parties. Four addi
tional issues (Numbers 21 through 24) of 
TRAN-STAT were written and distributed during 
fiscal year 1983. In these issues, we dis
cussed sources of errors in field studies and 
described a new technique for plotting proba
bility, and i ll ustrated the need to match 
sample collection techniques with study ob
jectives. We also reported the latest re
sults of a comparison between mathematical 
and computer simulation for computing formu
las to estimate concentration ratios. The 
last issue published in fiscal year 1983 
discussed some field sampling designs avail
able for deciding where and when to sample 
environmental media for contaminants. Some . 
of these designs are illustrated in Figure 1. 

Future topics in TRAN- STAT will include 
additional field sampling designs, assess
ments of uncertainty in dose-transport model 
predictions, statistical methods for identi
fying unusually large or suspect data , and 
latest results of our continuing research on 
methods for estimating concentration ratios. 

Other accomplishments in FY 1983 included 
placing 1000 statistical references on a 
computer storage and retrieval system, ex
panding our knowledge of statistical methods 
for water and air pollution studies, and 
developing improved kriging techniques for 
estimating the spatial distribution of con
taminants in soil and air . 

DEVELOPING QUANTITATIVE METHODS TO STUDY 
POPULATION DYNAMICS OF LARGE ANIMALS 

Energy developments can result in envi
ronmental impacts that affect the behavior 
and reproduction of animal populations such 
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FIGURE 1. Field sampling designs are used 10 locate and define the boundaries of contaminants in an ecosystem. The 
destgns are used to make recommendations about when and where 10 sample for contaminants. 

as bears, horses, and whales. These large 
animals cannot be studied in the laboratory, 
so accurate field techniques are needed to 
determine how these populations respond to 
stress. Studies this year indicate, for 
example, that the survival of a bear popula
tion may depend on the survival of one or two 
fully adult females per year. 

This year, we evaluated indices of population 
size (i.e., relative rather than direct meas
ures of population abundance), a topic that 
has received little quantitative attention. 
Elaborate mathematical and statistical pro
cedures are available for studying popula
tions by capture-recapture methods. Unfortu
nately, statistical methods are not available 
to analyze indices, even though index methods 
are much more widely used than are estimates 
obtained by tagging and marking approaches. 

Our recent work with indices includes such 
diverse species as elk from Mount Rainier, 
and California sea otters. In particular, we 
have been attempting to determine how best to 
use indices to measure long-term trends of 
abundance in the presence of "noise" due to 
chance events, seasonal effects, and other 
short-term disruptions of the pattern. Re
sults are not yet available. 

We are also attempting to estimate the fac
tors that control population size (e.g ., age
specific mortality, birth rate) for several 
large mammals. Demographers typically use 

31 

such data in standard "population dynamics 
models" to study human populations. 

Unfortunately, the data base for wild popu
lations is never very complete. Thus, we 
have developed modified models to use the 
information that is available. Our goal is 
to project future population size and to 
identify the key factors which control the 
projected size, so that key management deci
sions can be made in advance. In the absence 
of adequate data for modeling, we have been 
studying ways in which various sources of 
data can be combined to predict the current 
status and future trend of a population. 

Recently we have worked on models for two 
species, the bowhead whale off the coast of 
Alaska, and grizzly bears in the environs of 
Yellowstone National Park. Data obtained as 
far back as 1848 (when commercial whaling for 
bowheads began) were used to assess recent 
effects of Eskimo harvests vis-a-vis the 
regulations imposed by the International 
Whaling Commission. In the case of the much 
smaller grizzly bear population, we con
structed a stochastic (probabilistic) model 
to provide projections of likely future 
trends of the population. This model 
indicates that the difference between a 
stable population and one slated for ex
tinction may be as small as the survival of 
one or two fully adult female bears per year. 



QUANTIFYING RESPONSES OF SHALL ANIMALS TO 
ENVIRONMENTAL PERTURBATIONS 

Because small -mammal populations are often 
reclusive, specialized methods are needed to 
monitor how these animals respond to energy 
developments . At present, field study de
signs and statistical methods for assessing 
mobile populations do not exist. We are de
veloping both field designs and statistical 
methods that allow accurate, efficient pre
diction of impacts from energy developments 
and operations. 

For example , we found that when censusing 
methods and designs are tailored to popu-
1 at ion assessment , impacts can be detected 
two to 20 times more efficiently than with 
standard techniques. Use of statistically 
sound data to assess impacts ensures that 
biological costs of alternative resource 
policies can be evaluated objectively. 

Our statistical research for the past two 
years shows that the success of population 
experiments depends upon five factors: 

1. numbers of replicate population 
levels 

2. magnitude of the population levels 

3. variability in population numbers 

4. capture probabilities during the 
censuses 

5. trap response of the animals. 

This year, we devised analytical procedures 
that incorporate these limiting factors into 
numerical expressions for determining the 
probable success of experiments on mobile 
species. As a result, we can devise a field 
experiment that has a high _! priori chance of 
success (power) for detecting an impact. 

We also developed new statistical tests that 
incorporate the unique statistical properties 
of census data when the goal is to evaluate 
the effect of treatments. For example, we 
found that the proper data transformation can 
increase the power of statistical tests for 
treatment effects by as much as 20%, with no 
change in the field study and with no added 
expense. 

When the design of a field study eliminates 
replication , restricts the randomization of 
control and treatment sites, or both, valid 
statistical inferences about environmental 
effects cannot be made . We devised a pseudo
design, which we call an odd's ratio, to as
sess environmental impacts when a treatment 
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is repeatedly applied in a non-random fashion 
across the landscape. An example is the 
study of secondary poisoning from pesticide 
spraying in areas of insect infestation. 
Classical analyses are inappropriate since 
all infested areas receive the treatment. 

The pseudo-experimental field design incor
porates a control plot near each of several 
planned treatment sites. These pairs of 
sites are then censused immediately before 
and after the application of the pesticide, 
resulting in more field effort compared to 
the usual, but invalid, design. 

Analytical procedures developed during fiscal 
year 1983 have permitted us to evaluate the 
pseudo-design. Power curves (Figure 2) indi
cate that the use of prespraying data im
proves the power of an odd's ratio test over 
that of a paired experiment, when equal num
bers of site pairs are used (n = 4). How
ever, the odd's ratio design achieves this 
increase in power by using twice as many 
wildlife censuses. 
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FIGURE 2. PNL scientists can objectively select the most 
efficient experimental designs for wildlife studies. A ran
domized odd's ratio design, for example, detects environ
mental impacts with more power than a paired design. If 
a field study cannot be randomized, a paired design has 
more power (see shaded area) than a non-randomized 
odd's ratio design for equal field effort. 



When costs are considered, the odd's ratio 
design (n "4 control-treatment pairs) re
sults in the same number of censuses compared 
to a paired design (with n ~ 8 replicates); 
but the paired design has superior power of 
detection (Figure 1). The loss in statisti
cal power at fi ){ed costs is a measure of the 
cost of field designs that cannot be random
ized at the onset of an e){periment. 

From studies such as these, we can provide an 
objective basis for selecting the most effi
cient e){perimental designs for wildlife 
studies. 
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