
COMMUNITY ESTIMATION

  Analogy between Populations and Communities

Populations Communities

Individual animals Individual species

Abundance Species richness

Survival (mortality) Local persistence (extinction)

Immigration Colonization

Issue of detection

 Ci = count statistic (the number of species counted) and

 Ni be the true number of species, both at time-location i.  

 pi as the associated detection probability, i.e., the probability that a member of Ni appears in the
count statistic Ci.  

Ci is a random variable:

If we can estimate pi,

 

Need to take detection into account carries over to community dynamics:

! Suppose we want to know how many species from time i are still around at i +1

!  Assume that we identify different species in location r at time i,



! Count of  the number of species detected at time i+1 does not take into account that we
may not detect all  the members of  that are present at i+1

Influence of abundance on species detection

!  If pijk denotes the probability of detecting individual k of species j in sampling period i,
we can write the species detection probability as:

     where nj is the number of individuals of species j exposed to sampling efforts. 

!  If all individuals of the species have the same detection probability , then the species
detection probability is

! So variation in species-specific detection probabilities arises from variable numbers of
individuals in the species, as well as other factors

! A priori expect variation in species detection rates to be large

ESTIMATION OF SPECIES RICHNESS

Discuss 3  sampling approaches (see Nichols and Conroy 1996): 

! quadrat sampling using spatial replication, 

! sampling on multiple occasions at the same location (temporal replication),

!  sampling for the distribution of species abundance, using information on the number



Quadrat sampling

! subdivision of an area of interest into a number of quadrats or small sampling units,

!  the selection of a random sample of quadrats.  

! The investigator identifies species found on each selected quadrat (Fig 20.1)

! the surveys may involve a variety of sampling methods, each leading to the identification
of different species

e.g.,   investigator randomly selects two quadrats from an area of interest, and produces a species
count in each quadrat. 

!  n1 = total  number of species identified in quadrat 1 be, 

! n2 =  number identified in quadrat 2

!  number identified on both quadrats = m.  

!  If all species have equal probabilities of detection on both quadrats, then we should be
able to estimate p1 as the fraction of species in quadrat 1 that also are detected on quadrat
2: 

(This is just L-P; use bias-adjusted version instead of above)

! above relies on the assumption of equal probabilities of detecting all species.  

! large differences in species detection probabilities, with some species being readily
detected and others being very difficult to detect (e.g., more abundant, vocal, etc.)

! A priori one would expect that models based on ‘capture heterogeneity’ would be
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appropriate.  Necessitates k >2 (5 or more) samples, models in CAPTURE or MARK

Recommendations on quadrat sampling:

! only within areas for which the concept of an animal community makes sense. 
!  e.g., an area encompassing an elevational or other habitat gradient might include

different animal communities along the gradient.
! restrict the use of quadrat sampling to a part of the gradient with sufficiently

homogeneous area to sustain a single community.  This does not mean, however,
that species cannot exhibit spatial variation across the area, such that some species
tend to be found in certain locations and not in others.  The idea of animals being
exposed to sampling efforts in some quadrats and not others may appear to violate
the underlying assumption of community “closure.”  However, the key concept
with quadrat sampling

!  Key concept with quadrat sampling is that the quadrats are selected randomly from the
area of interest.  

! Use estimation methods that account for heterogeneity in detection rates



Multiple sampling occasions (Fig. 20.2)
Single investigator.  
! Instead of dividing the area of interest into quadrats --

! attempt to survey the entire area, but do so on multiple occasions

! the surveys may involve a variety of sampling methods, each leading to the identification
of different species

! The data can be summarized in an X-matrix , with columns now representing sample
periods rather than sample quadrats. 

! Under this kind of sampling, likely that detection probability for a particular species will
increase following initial detection, because the observer will know what sign to look for,
what specific areas to search, and so forth.  

! appropriate model is likely to be the generalized removal model  

Multiple investigators.  

Example
! team of biologists is sent to estimate species richness for an area of interest. 

!  One biologist samples the area of interest for one or two days using whatever methods he
or she chooses and develop a species list. 

! Second biologist could enter the area and develop a species list using his or her own
sampling methods (not necessarily the same methods as those of the first biologist) for a
day or so.  

! Independently collected species lists (Fig. 20.2) then can be used to estimate species
richness.  S

! ampling data for such a study are of the same form as in Table 20.1, but with the columns
of the X-matrix now corresponding to biologists.  

! Model  (Chao et al. 1992) is most likely to be useful in this situation, since it permits
variation in detection probability among different species and among different observers
(i.e., there is no assumption of equal sampling efforts by the different observers).  
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EMPIRICAL DISTRIBUTIONS OF SPECIES ABUNDANCE 

! Instead of sampling at different points in space or time develop a species list based on
catches or observations over the entire area of interest without regard to time or sampling
occasion.  

! Record number of different individuals encountered for each species can be recorded

! Resulting data (number of individuals encountered for each species) can be viewed as an
empirical species abundance distribution (Fig. 20.3).

Estimation of species richness
! Theoretical distributions have been considered as possible models of species abundance

distributions (e.g., Engen 1978).
!  “true” underlying distribution is never known, 

! common for several different models to fit such data well but yield very different
estimates of species richness

!  do not recommend the use of theoretical species abundance distributions for
estimating species richness or comparing richness in different communities.  

! Burnham and Overton (1979) suggested a nonparametric approach to estimating species
richness from empirical species abundance distribution data using a limiting form of their
jackknife estimator under model .  

! Considered the limiting value of their jackknife estimator as t (number of quadrats
or sampling occasions) becomes infinite.  

! The data required for an estimate of species richness with this approach are the
total number of species encountered, and the numbers of species for which 1, 2, 3,
4, and 5 individuals are encountered.  

! Program SPECRICH selects the appropriate order jackknife
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ESTIMATING PARAMETERS OF COMMUNITY DYNAMICS

 NEW STUFF– developed by Nichols and colleagues

!   consider estimation of rate of change in species richness, species extinction probability,
species turnover rate, species colonization rate, and indicators of community similarity
for two different locations.  

! Estimators  based on capture-recapture methodology as described above for species
richness

Use Pollock’s Robust Design
! Standard capture-recapture models for open populations (e.g., CJS, JS) allow for change,

but do not deal adequately with heterogeneous detection probabilities.

! Robust design gives a way  of developing robust estimators for quantities associated with
community change.   

! Applied here to a single location.  

! Primary sampling periods are separated by times that are sufficiently large to allow
changes in the community from one primary period to the next.  
! E.g. birds– sampling periods spaced 20 years apart, s
! some number of secondary spatial samples or secondary sampling periods chosen

within each primary period (e.g., annual surveys)
(Fig. 20.4)
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Spatial variation

!  extended Pollock’s robust design to allow the primary sampling to be conducted at
different locations in space rather than at different times

! At each location, secondary sampling is conducted, which might involve
!  patial or quadrat sampling within each primary area (Fig. 20.5), 
! short-term temporal sampling within each primary area (Fig. 20.6), or 
!  the collection of an empirical species abundance distribution at each primary

location (Fig. 20.7)
!   Estimation based on closed model estimators for species richness, computed over

secondary samples within each primary sample location.   

  Temporal variation at a single location – estimators

! Rate of change.

!

  The estimates of species richness are obtained using species occurrence data in conjunction with
closed model capture-recapture estimators such as those for .

! If  average species detection probabilities are the same for the two periods, then an
alternative estimator for rate of change is

where  denotes the number of species actually observed during sampling efforts in period k. 
! Rate of change in species richness concerns only species numbers and does not

provide information about possible changes in species composition (the identities
of the species).  

! However, estimators of local extinction, turnover, and colonization do permit
inferences about changes in community composition.
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