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Ch. 2 
 

Context and inference1      
 
“Thinking is the hardest work there is, which is probably the 
reason why so few engage in it.” 

-- Henry Ford 
 
 
Questions to ponder: 

• What is the difference between induction and deduction? 

• What is the difference between a biological and a statistical population? 

• What is binomial sampling? 

• How can I help ensure that my sample is representative of my study population? 

 
Some context  
 
The population.  The context of everything we will cover in this primer is the wild animal 
population.  We know from basic knowledge of population dynamics that the growth of a 
population (∆N) during a given time interval (Figure 2.1) is equal to the number of births (B) 
and immigrants (I, the additions to the population) minus the number of deaths (D) and 
emigrants (E, the subtractions from the population).   

 
 
 
 
 
 
 
 
 
 
 
 

                                                 
1 With thanks for content to Michael Conroy, Gary White, and Mary Bomberger Brown 

Figure 2.1: The basic “BIDE” model of population dynamics in which the change in population size (∆N) in a given 
time period is equal to the number of births (B) and immigrants (I), minus the number of deaths (D) and emigrants (E).  
Here, the dotted box represents an open population. 
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So, what is important to know about this population if you are a population biologist? 
 
We need to know the size of the population at a given time, and we need some estimation 
method to accomplish this goal.  Then, we need to know something about the per capita birth 
rate of the population.  We’d like to know something about movements in the population and 
we’d like to know something about survival and mortality in the population.  Admittedly, there 
are few populations for which we know all of these things simultaneously, but such an 
achievement can certainly be our goal. 
 
How do we estimate N?  How do we determine the productivity (usually defined as the number 
of offspring produced per adult) of the population?  How do we identify movement 
probabilities?  And, how do we estimate the probability of survival for the period in which we 
have interest?   
 
The answer is that we can use a variety of tools—surveys, mark-recapture, or radio-telemetry 
methods can all provide information from which we can derive estimates of these parameters.  
And, that is exactly what this book is about—how do we use these tools, and how do we decide 
which tool to use? 
 
The management cycle.  Most parameter estimation occurs in the context of providing 
information for management decisions.  Is the population large enough to sustain a harvest 
event?  Should we spend money to renovate habitat for this species to increase birth rates?  
  
Our goal is to make decisions for management that are based on reliable information, and we 
should make better decisions when we have a better understanding of a biological system.  A 
simple description of a management 
process is that we encounter a problem or a 
question.  We gather data to inform the 
decision to be made with regard to this 
management problem.  We assess the 
information and make the decision, and we 
put that decision into action on the 
ground—e.g., we get out the torches to 
conduct a prescribed burn, or we plant 
food plots, or we thin the forest, 
or…whatever we believe we need to do. 
 
This primer is aimed at the ‘data’ portion of 
the management process.  How do we 
gather and analyze the data that we have to 
provide reliable information for decision-
making and eventual action? 
 
If we make our diagram of the management process a bit more detailed, we might draw 
something that matches the cycle described by adaptive resource management (Figure 2.3).  
Assess a problem—design a management approach—implement the management approach—
monitor a critical feature that will be impacted by management—evaluate the results of our 

Figure 2.2: A cursory view of the management cycle in the context of 
collection and analysis of data to inform a decision.  Emphasis shown 
on the Data step to reflect the goals for this primer. 
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management—and adjust our management approach based on what we learned from the 
process thus far.  Is there still a problem to solve or not? 
 
 It is useful to note that this cycle of adaptive 
resource management (Figure 2.3) is very 
similar to the scientific method.  We are 
familiar with this basic cycle: we make 
observations, develop hypotheses to explain 
our observations, make predictions, and 
perform an experiment.  After gathering data, 
we analyze and determine how the data match 
our predictions.  We reconsider, if needed, and 
move forward. 
 
 
 
 

 
Now that we have thought about the context of our research, we need to consider the inference 
of our results.  In the rest of this chapter, we will cover 4 basic topics before we launch into 
parameter estimation:   

• Random and representative samples 

• Types of inference 

• Precision and bias  

• Binomial coefficients 

 
Populations and samples 
 
We may define wildlife populations in many ways: spatially, temporally, taxonomically, and 
demographically.  A biological population is often defined as a group of organisms in a certain 
place, or space, at a certain time.   
 
However, a statistical population is a bit different, and it is important to keep track of whether 
we are talking about a statistical population or a wildlife population. 
 

Four critical elements of the scientific method and management cycle:  

 

• Characterizations: we make observations, we define problems, and we take 

measurements. 

• Hypotheses:  we suggest theoretical explanations of observations and 

measurements 

• Predictions: we deduce, from our hypotheses, reasonable expectations from an 

experiment 

• Experiments:  we test predictions and our hypotheses 

Figure 2.3: Representation of six steps in the cycle of adaptive 
management. 
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A statistical population can be defined by dividing up time and space into elements that can be 
independently sampled---we call these elements ‘sampling units.’  Thus, if our research design or 
sampling method (i.e., size and type of net, trap type, or survey type) does not allow sampling of 
the entire biological population, inference is NOT about the entire biological population.  The 
inference is to the statistical population that we sampled.   
 
As an example, if a biologist uses floating traps to catch turtles in a pond for a mark-recapture 
estimation process, she knows that her traps do not capture the small turtles well.  In fact, pond 
turtles do not get up on the floating traps until they are large enough to have less worry about 
predators.  The population of turtles, as a biological population, includes the small turtles.  
But, the statistical population in this instance does not include the small turtles, because they are 
not being sampled by the floating traps.  When the biologist obtains her estimate of the 
‘population size’ from the mark-recapture method, her estimate has inference to the statistical 
population—the large turtles.  She knows nothing about the population size of the small turtles. 
 
So, samples are important to the processes that we will cover for surveys or mark-recapture-type 
analyses.  Our problem, as wildlife biologists, is that we normally cannot collect, measure, and 
observe the entire population.  We are limited by logistics.  The solution is that we can take a 
sample and we can make inferences about the population from the sample.  But, this is possible 
only if our sample is representative of the population.   
 
Again, we can define our statistical, study population as the group of animals to which 
inferences will be made.  The sample is the subset of the population for which data is available 
or collected.   
 
We can spend a lot of time 
thinking about our study design—
is our sample representative of the 
population?  How can we use 
random selection of individuals to 
assure that our sample is not 
biased in some way? 
 
The mismatch of a non-
representative sample and a 
population is shown by a famous 
story about a group of blind men 
and an elephant.  The ancient 
story was set as a poem, The 
Blind Men and the Elephant 
(Figure 2.4), by the American poet 
John Godfrey Sax (1816-1887).   
 

Figure 2.4: “Blind monks examining an elephant,” an ukiyo-e print by 
Hanabusa Itchō (1652–1724).  Available as public domain image from the 
Library of Congress (LC-USZC4-8725). 
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A portion of Sax’s poem reads: 
 

It was six men of Indostan  
To learning much inclined,  
Who went to see the Elephant 
(Though all of them were blind),  
That each by observation  
Might satisfy his mind … 
 
And so these men of Indostan 
Disputed loud and long, 
Each in his own opinion,  
Exceeding stiff and strong, 
Though each was partly in the right,  
And all were in the wrong! 
 
Moral:  
So oft in theologic wars, 
The disputants, I ween,  
Rail on in utter ignorance 
Of what each other mean,  
And prate about an Elephant 
Not one of them has seen! 

 

Inference 
 
A dictionary definition of ‘inference’ is: “the act or process of reaching a conclusion about 
something from known facts or evidence.”  There are two types of processes used in science to 
draw inferences.  We may refer to these as two types of reasoning.   
 
First, deduction, or deductive reasoning.  When we use deduction, we are reasoning from the 
general to the particular.  This type of reasoning is central to the study of logic, and deductive 
inferences must be correct. 
 
For example, we can state a truth, or we can posit that all birds have feathers.  We can also state 
a second truth, or second position, that a duck is a bird.  If these two things are true, then we 
can infer that a duck has feathers.  It must follow as a truth, because we have stated that all birds 
have feathers, and we have stated that a duck is a bird.  Thus, ducks have feathers.  The only way 
to falsify this deduction is to show that one of the posits is, in fact, false.     
 
A second type of inference is called induction, or inductive reasoning.  When we use 
induction, we reason from the sample to the population…or from the specific to the general—
the opposite of deduction.  Induction may also be used to reason from the past to the future: a 
weather forecaster uses induction to make predictions in a weather forecast. 
 
Induction is central to the study of statistical inference, and hence the rest of this primer.  
When we use induction, we allow for the possibility that our conclusion may be false. 
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For example, we might observe that a population has grown at a rate of 4% for the past 10 
years.  Therefore, we might use induction to predict that the population will continue to grow at 
4% per year in the future. 
 
Or, if 95% of a sample of fish has a snout length of 8-10 cm, we may infer that 95% of the 
entire population has a snout length in the range of 8-10 cm.  That is, we use induction to assess 
the population by assessing our sample.  If our sample is indeed representative of the 
population, our induction should be correct. 
 

Accuracy, bias and precision 
 
Gary White, professor emeritus at Colorado State University, has noted that “Statistical 
estimation is like shooting a single arrow at an invisible target and inferring the location of the 
bull’s eye based on where the arrow lands.”   
 
So, a good estimator is like a good archer—a 
good estimator is accurate, but as we will see 
the definition of accuracy is not as 
straightforward as we might imagine. 
 
We can distinguish between three concepts 
that are sometimes confused (White et al. 
1982): accuracy, bias, and precision.   
 
A dictionary definition of accuracy is “the 
condition or quality of being true, correct, or 
exact; freedom from error or defect.”  When 
we sample nature and use inductive inference, 
it is impossible for us to know truth.  As White 
et al. (1982) noted, an archer can approach the 
target and see the distance between truth (the bullseye) and the estimate (the grouping of 
arrows).  A biologist, however, is never able to access the true value of a parameter for a 
population.  Instead, we rely on two measures to help us assess our estimation: bias and precision 
(Figure 2.5).   
 
A precise estimate is one that has very little uncertainty.  If we obtain a precise estimate, we 
would predict that a second, third, and fourth sampling effort would return a very similar 
estimate—that is, our results would be very repeatable (Figure 2.5).  Statistically, that might 
mean an estimate with a small standard error, or a narrow 95% confidence interval surrounding 
the estimate.   
 
Bias, on the other hand, describes the match between the estimate and the true value of the 
parameter (Figure 2.5).  Of course, we want our estimate for a parameter to be free of bias.  Bias 
can occur from two sources: small-sample bias and model bias.  We will discuss in Chapter 8, for 
example, how the simple Lincoln-Petersen estimator for population size may be biased at low 
sample sizes.  And, throughout this primer we will refer to assumptions of estimators that relate 

Definitions: 

 

Parameter: (θ, theta), a random variable; 

an unknown quantity or constant 

characterizing a population (e.g., density, 

population size, capture rate, survival) 

 

Estimate: (θ̂ ), a numerical approximation 

of a true population parameter (e.g., 

density estimate, D̂ ) 

 

Estimator: a mathematical formula used 

to compute an estimate 
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to study design issues that may create opportunity for model bias.  For example, if the marking 
method affects the survival of an individual, the estimate of survival for the population will be 
biased.  Or, if animals become trap-shy after encountering a trapping event, the estimates of 
population size may be biased if capture probabilities are not structured appropriately in the 
model.  
 
 

 
 
 
 
 

Figure 2.5: Illustrations of the concepts of bias and precision with shot patterns (left) (bull’s-eye is truth; after 
White et al. 1982 and Williams et al. 2002) and 95% confidence intervals (right) (dotted line shows true 
parameter value, circle shows parameter estimate).  The typical goal of an archer and an ecologist is shown at top 
as the combination of a lack of bias and high precision. 
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Generally, we might state that our goal, when estimating parameters, is to be accurate.  
Although “accuracy” conveys the general sense of our goal, quantitative ecologists and biometricians do 
not agree on the definition of this term.  And, it is important to understand that “accuracy” may mean 
different things to different people.  To some, accuracy is the same as the lack of bias (Zar 1999, 
Walther and Moore 2005)—the distance of the estimate from the true parameter value.  Under this view, 
the top two scenarios in the bull’s-eye figure are accurate—the estimate is the same as the true 
value, regardless of the level of precision.  Others (White et al. 1982, Williams et al. 2010) 
describe accuracy as the blending of bias and precision.  With this definition, only the top scenario in 
the bull’s-eye figure is accurate, because it is not biased and it is precise.  The introduction of either 
process, bias or lack of precision, makes the other scenarios inaccurate under this view.   
 

What to do?  We suggest that readers solve this dilemma by using a direct approach—refer 
explicitly to either bias or precision, or both, when describing estimates.  Avoid the use of the 
term “accuracy” because of the confusion surrounding its meaning. 
 
In the ‘game’ of estimation of parameters for wildlife populations, we value both precision and 
the lack of bias.  It may be difficult to always have unbiased and precise estimates, however.  So, 
it can be generally said that we value the lack of bias over precision—although both are certainly 
desired.  Precision can typically be improved through improvements in sampling, when possible.  
But, a biased estimate cannot be improved without reevaluating the entire sampling and 
analytical scheme.  A focus of this primer will be to help the biologist reduce the bias and 
increase the precision of demographic estimates with a focus on sampling effort, study design, 
and use of proper estimators. 
 

Conclusion 
 
Parameter estimation is not something we do in isolation—we estimate the value of parameters 
of wildlife populations to learn about their ecology.  And, we often estimate parameters as part 
of a management program.  As such, we must view parameter estimation as a part of the 
scientific method and the management cycle.  Our estimates are derived from samples of 
marked or observed animals, and our goal is for our sample to represent the population of 
interest.  We use inductive reasoning to make inferences from our estimates, and we can make 
the best inferences when our estimates are unbiased and precise.  Study design, sampling effort, 
and the estimators that we use are critical to provide reliable information from which to make 
decisions about wildlife populations. 
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 A nestling abbott’s babbler (Malacocincla abbotti) is marked with an aluminum leg band, or ring, and a plastic, colored 
band for re-sighting in Khao Yai National Park, March 2003, Thailand.  Photo by Andrew J. Pierce, used with 
permission. 


