2. The Effective Design of ecological surveys

Meaning of “effective”?

Produces 

(1) accurate (unbiased) estimates: important

(2) precise estimates: important to maximize precision 

(for given expenditure)

Estimate of what?


My lecture: population size


Principles universal: cover 
species richness, 






net annual primary productivity






mean annual temperature,






average and variability of soil pH,






Etc, etc, etc

Coverage of area. (What is area: a country, a forest, a mudflat, a meadow, etc)


Often difficult to cover whole area

Image 2  Do not try and fail: know nothing about unsurveyed area.

Image 3  May not even know:




exactly how well covered;




boundaries between well- and poorly-covered

Image 4  Better to sample and cover sample areas properly

Note: need more than 1 sample.


If only 1, do not know how representative;




need to know how great are differences between areas.

Defining sample units

Image 5  Simple case.


Lay down grid: each square is potential sample


►Study population in some of the squares – actual sample units

Which to choose?


Typical?  Why not?

Random is only way to be unbiased

What does it mean? All equal probability 

Stab with pin? Why not?

Throw quadrant at random. Why not?

Best: random numbers

(can use numbers on bits of paper)

Squares outside the study area? Ignore.

Squares that come up twice?  Sample once

Image 6  Sample units may be natural.

Number them all ; choose at random.

►What if too numerous to number, or unmapped, etc?

Use random co-ordinates, taking lake nearest to point?


Why not? (Favours larger lakes)

One way of random sampling lakes (or whatever): 

grid the study area, choose squares at random

Image  7  Number all lakes in square


Include”edge” ones if area falls more in this square than in other.


Choose one lake at random


Go to next square….

What if square comes up more that once?

Include it more that once, choosing new lakes each time.  

(why not include square just once? Makes lake choice non-random)

Estimating overall means and totals

Image 8  List individual counts; sum

►Calculate mean

►This is best estimate of mean for whole area (including unsampled units)

Total population easy: ►Multiply by total number

Important: ►all estimates must have s.e. or CLs    - to measure  precision

Image 9  Slightly different for the lakes sample
 ►Because no. of lakes is different in squares

►use counts for the lake that was sampled

►multiply to get pop. size in square

►Get mean no. per square

►and total pop. in usual way.

►with usual measures of precision

Image 10 Precision

How can it be improved?

►Depends on differences between counts for different units

►This partly depends on natural variation. 

Nothing one can do about this.

►But also depends on precision of counts (estimated) for individual samples.  

One can improve that, by using best fieldwork methods.

►Also: overall precision depends of no. of samples.

Planning 

Can use this knowledge to plan work

Image 11  Always useful to estimate between sample variation.

Can then predict overall precision, knowing how many samples are planned.


Or, estimate necessary sample size, to attain required precision.

Size of sample units

How big should they be? 

May be determined by practical constraints.  E.g. size of soil corer

If free to choose, should one make a few big samples or a lot of small ones?

Limit is total time available.

Image 12  Hypothetical example

►Each square takes one hour; can cover 300 in 300 hours.

►If squares 4 times bigger, can  only do 75

But this leaves out travel time  ►whatever that is; if we don’t know,


►cannot know total time/square (survey plus travel)


►but do know that the calculations of possible numbers covered are wrong.

►If average travel time is 2 hours, can only cover 100 sites;


►but can cover 50 larger ones, which is a larger area.

To judge which is better, need to know:


Mean survey time;


Mean travel time;


Between-sample variation (for both sample sizes)

Image 13  Cluster sampling

Way of increasing sample sizes when it seems to be constrained

e.g. soil inverts. Samples with soil corer 10cm diam.


Takes minutes to get one sample but maybe hours to move between sites.

Image 14  Solution: take several cores at each site (using same pattern)

Note! Combine the data from all cores at one site:


individual cores are not samples



- each sample is aggregate of all cores at a site.

Spacing out: regular sampling

Image 15  
►Problem: Random may under-represent some areas.



Formally, no problem – but makes one uncomfortable.

►Regular: ensures even coverage.  Useful for mapping

But s.e./CL of estimated means will be wrong. 

(Especially if variation across area is not random)

There is better method to deliver even coverage, with correct s.e./CL:


need to introduce new idea.

Stratification  

Image 16  Imagine study area, of 2 parts, ►say, 2 habitats

►Random sampling may result in uneven representation.

►Alternative: stratified random (habitat = strat)

►Distribute samples separately within each;

ensures each gets desired number;

within each, preserve random distribution.

Special analyses to get: 
estimate (s.e./CLs) for each habitat 

combined estimate for overall

Image 17  Each habitat may be in several patches

►All patches of same habitat form a single stratum

Image 18   Sampling intensity: what it is?

►How to distribute it? Each stratum must have at least 2 per stratum.

►Need to know how between-sample variation differs.

►If it is equal (even approx): best is same intensity in all.

►If not, sample more variable more intensively, 

to minimize s.e/CL of overall estimate.

(There are exact equations available for determining sample number)

What if do not know differences in variability?


Guess is better than nothing.


Mean is a guide – variance typically proportional to mean.

Using stratification to even out spatial distribution

Image 19

Go back to regular versus random; 

what is the better method of making distribution even?

►Divide area into arbitrary blocks;


treat each as a stratum – to ensure samples spread out.

