Lecture 1: How can we census animal populations?

Image 2
Useful book
Image 3: study area

Problem has 2  levels:




1. Sampling design.  ►Whole area  or ►just parts





- if parts, which?  Next lecture.


2. Counting within the (sample) areas.  This lecture.

Making complete counts (within the sample area)


Is difficult (practical demo)

May not detect some individuals.

Counting when aggregated may appear easier


Image 4 e.g. large mammals at waterhole or birds at high water roosts.


But it is difficult in practice.

Counting migrants
e.g. fish counters

Small animals


Image 5: key book – much practical, as well as statistical techniques


Can extract them from a known volume of habitat


Image 6


Suction trap for aerial


Nets in water


Devices to remove ectoparasites


Extraction from leaf-litter or samples of plant material

Problem with last: some may not emerge




Note quote


Same with ectoparasites


In water, animals may escape net.


Suction traps affected by wind


Searching through: e.g. leaf litter or fur of dead animals:


Labour intensive – and not reliable

Key points in any work:


Know your animal

Use others’ experience


Check effectiveness of methods

 
Be critical of own work

Removal method

Image 8  ►►►►►

Trap well beyond when no more caught.


Can assume caught all?  May be not.


But can estimate:  


           Image 9 – point when none predicted to be caught must be when all caught


It is based on catching a sample of the population, rather than a count.


(note: different from sampling part of the area)

· so estimate the population (with CLs)

For good estimate: need high proportion captured.

Example: Image 10

What if the line curves?

Cannot make formal estimate.

Cause of such: 
1. Systematic change in trapping effort

Can ensure this does not happen

 or allow for it if measured

2. Variation between animals in P of capture – cannot control this

 (usually)

3.  Population not closed  (animals moving in or out; 

or being born or dying)

– problem with Removal Method of incomers filling gaps 

All methods of sampling over time involve assumptions

 about closure, except some designed for open pops.

What if some animals can never be captured (inactive)?


Pop is underestimated.


Method assumes all animals available for capture.

All methods involve assumptions.


Important to think about these: reasonable? Can you check them?

Image 11 Goodness of fit tests

►►►

Pseudo-removal
Alternative to removal: catch animals and mark them; release them – 

but you only count new animals each time.
Mathematically = removal.

Still assumes closure; but gets  round  problem of incomers filling gaps

so assumption may be more reasonable.  

Assumption:


Marks do not drop off.

Image 12  Suppose animals identifiable through natural marks: 

  count new ones observed every period of observation:



graph number of new ones against total already observed

Two-capture method


FC Lincoln (Lincoln Index) ) and CJG Peterson (20th C)


Laplace – 18th C population of France

Image 13  method simple in principle.

►►►►►►

Assumptions


About technique: marks do not drop off


                           : traps numerous and well distributed – so animals have equal chance of being detected.


About animals:



Populations closed



No differences in catchability



Capture and marking don’t affect catchability (trap-shy/trap-happy)



Animals completely mix in.

Can test? No goodness of fit, only biological knowledge.

If assumptions wrong, result biased.

►Statistical bias – in all these methods,

equations used to estimate numbers may not be intuitively obvious.

Image 14  Another statistical point: 

►always calculate s.e. or CLs ►

Multiple-capture models

Various models.

Marking determines what is possible:



Marked/unmarked



Number of captures



Batch marks



Individual marks

Image 15  Differ in assumptions; especially in whether pop is open or closed

Others [Discuss each in turn]


►Do animals differ in catchability?


►Does P of capture change over time?


►Does P change after capture?


►Marks do not drop off

Some methods do not require some of these assumptions.

If assumption of model used are breached, results biased.

If marks are individual or batch-specific, and lots of data, can estimate.



N                                 )



Births and immigration)     and how these vary through study.



P. of capture               )   

Problem:


Requires very intensive work (high % marked) – much effort.


This:

a) costs

b) may disturb the system.

Mark-recapture is a bit out of fashion!

Distance sampling

Imagine walking through a forest. Record not just number of birds heard singing,



but how far from your line of walk each one is.


Will observe more close to line than far away.

Image 16

Could be whales observed from ship;


deer observed from aircraft,


etc

Image 17  Britsh bird system – record in bands.

Image 18  Fit curve to data; ►assume detect all at zero





►but you don’t detect all at greater distances





►smooth out





►can work out what missed

Image 19 – not just book, website (with free access to program for analysis)

Image 20  Assumptions of distance sampling [Discuss each in turn]

1. ►Distance measures are accurate (Can be exact or in bands)

2. ►Animals uniformly distributed 

3. ►All animals on line detected (brooding females may not be)

4. ►Animals do not flee  before being detected (nor are attracted)

5. ►Equal detectability and equal decline functions of all individuals. 

Therefore keep aural and visual (e.g.) separate.

6. ►Correct curve fitted.

Point Counts


Popular among bird people, amphibian people.


Let animals settle down. – but will they remain close?


Need to be particularly accurate with distances (Mathematical reasons)

Using covariates

Image 21.  

Can assume that detectability functions are the same all along line 

and on different lines(points).

But detectability varies with habitat.

If record habitat along lines (at points), can model this- to improve precison of estimates.

Trapping webs

Image 22




Number caught in outer rings is fewer than in inner.

Mathematically same as Distance Sampling.

Can estimate total population using similar statistical methods.

Assumptions similar – especially that all animals in centre are caught.

Demands big number of traps

Use of lures

Image 23

Example: recording number of birds who respond to a recording.

Pilot study: to establish probability of a bird responding to a tape, at various distances


- this establishes “detectability function”

Can apply same maths, to estimate overall density

Conclusion on distance and related methods

Popular – but don’t forget assumtions

Image 24  General conclusions

Choose a method that is most appropriate to your animal.

Always remember assumptions – be critical of your own results

