
Status and trend

What we want to know about populations



Status and trend
● Status = a snapshot 

of a population's 
properties
– Instantaneous
– Over short durations
– a.k.a. system state

● Trend = change over 
time
– Increasing
– Decreasing
– Stable
– a.k.a. system 

dynamics

Best when both are assessed together



Status – current conditions
● For populations of organisms, status could include measures of:

– Population size
– Density
– Age class distribution
– Sex ratio
– Geographic distribution

● Status without trend → know the current state, don’t know if it’s 
improving, stable, or getting worse

● We will learn how to assess various measures of population 
status later



Trend – change over time
● Need to know how the population is changing, usually 

done by:
– Measuring demographic rates, then using life tables or matrix 

models to estimate population growth rate from them (later!)
– Estimating abundance repeatedly over time, estimating the 

change over time (using regression, or similar)
– Using an index of abundance to indicate relative numbers, and 

then use regression to assess change over time
● Using an index gives you trend without knowing the 

population’s status



What is an index?
● An index is any quantitative measure that changes predictably as a 

population changes
● Usually based on easily observable things, including:

– Sign counts
– Cocoon counts
– Call counts
– Counts of individuals

● If we knew the quantitative relationship between the index and 
population size, we could use the index to estimate population size

● But, even without this, a change in the index is a measure of change in 
population size – trend without status



Examples



Why use an index?
● Seems it would always be better to have an actual estimate of 

abundance – why settle for less?
● But, estimating abundance is difficult

– Organisms that hide, camouflage, seasonally absent from the area
– Some of the best population estimation methods require more than one 

year to obtain estimates
● An index is often faster and cheaper to measure – better for 

monitoring in real time
● If our decisions will be driven by whether a population is increasing, 

decreasing, or stable, then we may only need an index



Complications
● For an index to be reliable, it has to:

– Indicate the current conditions
– Change over the time period of interest

● It may be necessary to establish consistent conditions
– Sweep old fecal piles
– Use a track bed, track plate
– Use traps, baits – but, need to be careful about changing 

the area sampled





Scale issues

If the samples 
are close 
together relative 
to the home 
range size of 
the animal, you 
may be 
counting the 
same individual 
repeatedly – not 
independent

Effective area – 
the cameras at 
the edge are 
sampling from 
outside of the 
area of interest



Seasonal effects
● In seasonal environments, reproduction and 

survival are seasonal as well
– Breeding season
– High mortality over winter

● The numbers you will count will depend on when 
you do the counting

● Need to standardize, and/or account for seasonal 
effects



Phenology in plants



Migration

Good YouTube video on monarch
 migration

American eel

http://www.youtube.com/watch?v=uqDwvuleRYc
http://www.youtube.com/watch?v=uqDwvuleRYc


Measuring trend
● Regression analysis (linear, non-linear) over time can 

be used to assess trend
– Slopes indicate the rate of change
– Non-significant change over time indicates a stable 

population (p-value, or 95% CI compared with 0)
– A significant change, with a negative sign on the slope, 

indicates decline
● Example: Breeding Bird Survey, and data from Hawk 

Mountain



Breeding Bird Survey
● Counts of breeding birds at a sample of locations throughout North America
● Has been ongoing since 1966
● Based on routes

– Fixed locations, 24.5 miles long each
– Stops every 0.5 mile
– Conduct a 3 minute point count at each stop, record any bird seen or heard
– At the height of the breeding season for the region (June)
– Start at ½ hour before sunrise, for five hours
– Experienced birders

● Trend analysis is done in a way that lack of independence among counts of 
the same route over time are accounted for





Peregrine Falcon results



Peregrine Falcon – trend map



Hawk Mountain, PA
● Many species of raptors migrate 

along the Blue Ridge and 
Appalachian Mountains

● Birders have conducted Fall counts 
at Hawk Mountain since 1934

● The data are available through the 
Ecological Society of America’s 
Ecological archives

● We will use the average number per 
hour counted, averaged by year 



A couple of examples

Osprey

Cooper’s Hawk

Peregrine FalconRed-shouldered Hawk



If it’s not linear, don’t use 
linear regression

Cooper’s Hawk Peregrine Falcon

Immature Bald Eagles

Adult Bald Eagles



Trend without status
● If your index is a count, and it indicates a decline of 10 

individuals per year, is that a problem?
– If the decline is from 1,000,000 to 999,990 is it a problem?
– If the decline is from 200 to 190 is it a problem?
– If the decline is from 20 to 10 is it a problem?

● Without an estimate of population size you don’t know 
how much to worry about a downward trend

● Can use an index as an early warning system – if there’s 
a decline, assess status to see how much to worry



Missing a trend
● A non-significant result is interpreted as a slope of 0, no change
● The probability of detecting a real effect with a statistical model is called 

statistical power
● Power is affected by:

– Size of change – bigger changes easier to detect
– Size of sx ̅, which is affected by:

● Biological variation – less variation → smaller sx ̅
● Sample size – more data → smaller sx ̅

● Therefore:
– A decline that is small compared with the amount of variability in the data is hard to detect 

– may take years before it’s large enough
– Have to be careful that the methods used still work well at small population sizes (if n = 

number of years that’s good, if n = number of individuals that’s bad)



High annual variation in reproduction



High annual variation in abundance



Monitoring to detect problems
● It's good to know if your population is declining, 

better still to know why
● Need to monitor in a way that will indicate the 

causes of decline, so they can be addressed
● Need to record threats as well as population 

measures



Wolf range

Wolf re-introductions

Very different management in MT, ID, WY
Monitoring each independently is needed



Desert tortoise



Monitoring fisheries
● Marine fisheries are very difficult to sample
● But, we harvest them commercially, and keep 

records of the catch
● The greatest catch that can be sustained by the 

population indefinitely is the maximum sustainable 
yield

● Can use catch as an index of population size
● Can use catch per unit effort to determine MSY



Logistic growth, growth rate, and MSY



Estimating MSY



Why is the peak MSY?
● At low levels of effort, population size isn't limiting catch

– Catch per unit effort is constant
– Graph of catch vs. effort is positive, linear

● As catch/unit effort begins to slow down, approaching MSY
– Catch per unit effort is not constant
– Graph of catch vs. effort will level off

● As catch/unit effort declines, you are over-harvesting
– The population is limiting catch, more you try the lower your 

catch/unit effort becomes



Next activity
● We will use the Breeding Bird Survey’s web site 

to assess trends in North America’s bird 
populations
– Their analytical methods account for potential biases

● Routes that have different detectabilities
● Different observers

● We will use the Hawk Mountain counts of 
migrating raptors for comparison
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