Applied Demography

Lande (1988) argues that there has been neglect
of basic demography in conservation

In particular, two factors of fundamental importanc
for survival of small populations:

Demographic Stochasticity
Allee Effect
(and Environmental Stochasticity)

Lande, R. 1988. Genetics and demography in
Biological Conservation. Science 241:1455-1460.




Demography Is the description and prediction of
population growth and age structure

Includes intrinsic factors that contribute to
population growth or decline such as:

* Natality & Mortality < Immigration & Emigration

Two other exogeneous factors of fundamental
Importance for survival of small populations

 Demographic < Environmental
stochasticity stochasticity




Demographic Stochasticity

At any time, individuals of a given age have finite
probabillities of survival and reproduction.

Assuming that these rates apply independentlyc¢b ea
individual, demographic stochasticity creates samgpl
variances inversely proportional to population size

Example: p(die): 0.1 p(survive): 0.9 Small Population Size (n = 100)
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Random Variability Leads to Extinction

One of best documented cases of minimum viable
population size, where demographic stochasticity
Ikely played a role, comes from a study of the
persistence of 122 bighorn sheep sub-populations

Berger, J. 1990. Persistence of different-
sized populations: an empirical

assessment of rapid extinctions in bighorn
sheep. Conservation Biology 4:91-98




100% of small populations
(n < 50) extinct within 50 years
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In any real population, individuals do not prodtice
average number of offspringseme have no offspring,
some have fewer than average, others more thaageser

As long as the population size Is large the average
provides an accurate description of the population

But, once the population size drops below a cedaia
(n ~ 50), individual variation in birth and dea#teas
begins to cause the population size to fluctuatdomly




Random Demographic Variation

Demographic stochasticity in Hawaiian monk seals

CV: 0.163 CV: 0.3/8
(NOAA 2007)




In contrast to demographic stochasticity,
Environmental Stochasticityeads to temporal
changes in vital rates that affect all individuals

given age or stage similarly
The sampling variances of vital rates are indepeind
of population size

The critical issue Is that environmental conditions
do not vary randomly...

e




Environmental Stochasticity

Three-stage (J-S-A)
population model for
the waved albatross

Anderson, D.J., et al. 2008. Population statuseiQritically
Endangered waved albatrd3isoebastria irrorata 1999 to 2007.
Endangered Species Research 5: 185-192.




Environmental Stochasticity

Substantial year-to-year variation in adult survviva

Results:

Adult Survivorship Declining
(below historical level ----)

Significant Lower in 2002-03

No Male / Female Differences




Environmental Stochasticity

Results
of best-fit
Model:

ENSO

temporal
resighting
variability




Advanced Applications - Species

What Process Drives Decline ? F

Multi-stage (M / F) model for
Northern right whales (n < 300 )

Fujiwara, N. and Caswell, H. 2001.
Demography of the Endangered North
Atlantic right whale. Nature 414: 537-541.




Advanced Applications - Species
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Advanced Applications - Species

Decline in Female
Survivorship over time Females

- Shorter life spans
- Fewer breeding chances Males

Males

Females




Advanced Applications - Species

Population Decline Saving two mothers per
(lambda < 1) year, reverses lambda




Advanced Applications - Habitats
How Effective are MPAs at the population level 7

Map of Current and Proposed IWC Sanctuaries




Advanced Applications - Habitats

Completed 10-year review of SOS for IWS (in 2004)

« |IWC Sanctuaries not effective as currently strrexu
o Scientific whaling contributes little to sciencednservation

* Iceland, Japan and Norway vowed to leave IWC if
RMP / RMS is not applied

e Japan’s self imposed catch quota:
~ 1000 minke whales in 2007-08

Proposal: Whale Management with Sanctuaries & t&aio




What To Do About 1t?

Write a Paper !!!




Determine whether the application of the RMP /
RMS, in conjunction with a more ecologically
orientated sanctuary program, would represent a
measurable improvement over existing sanctuaries

Develop population model to assess relative affica
of the sanctuaries for whale conservation

(Gerber et al. 2005)




Population Modeling Approach

Compared mortality
between 2 scenarios|

a) RMS: where
mortality in two
habitats
(everywhere) is
reduced by 10%

b) Sanctuaries: where
mortality is reduced
by 20% only in one
habitat (reserve)

(Gerber et al. 2005)




To evaluate consequences of a sanctuary for whale
population growth, we constructed a two-site matrix
model| with two patches representing a no-take marine
sanctuaryandunprotected habitat outside of reserve

Included population movement between sanctuary and
unprotected waters outside using the same general
form of a simple matrix model.

Inclusion of dispersal results in 2-patch matrikene
M represents adult dispersal out of the sanctuary.

(Gerber et al. 2005)




Approach

Matrix G (in age-structured form, where each row an
column represents a single one-year age class for
juveniles and adults) contains two singlee matrices
for A (unprotected site), and B (Sanctuary).

(Gerber et al. 2005)




Thepisrepresent annual survival probabilities for
age class I, anpdadAandpadBare mean annual
adult survival rates outside (site A) and insid&(B)
the sanctuary, respectively.

Length of the juvenile stage was determined assgimin
an age of sexual maturity of 8 years

Thus, the final model is an 18 by 18 cell 2-sitdma
with nine distinct age classes from 0 to >8 yediaoe.
(NOTE: Adults are age 8 and above).

(Gerber et al. 2005)




Population Modeling Results

Low Dispersal from Management experiment
Sanctuary Yields Higher needs to “run” for long time
Population Response  to detect population change

(Gerber et al. 2005)




Eliminate scientific whaling both inside and outsid
of IWC sanctuaries

Apply RMP / RMS alongside system of effective
IWC sanctuaries to protect whale populations
during certain time periods or throughout their
entire life-cycle (as needed to attain desireddis)g

(Gerber et al. 2005)




IWC Sanctuary Evaluation

Articulate the purposeof SOS (IWC Sanctuaries) through
a set of broad overarching goals (e.g. presenanmcsity,
Increase fishery yields).

Develop measurable objective®r both the Sanctuary
program and the SOS.

Establish systematic inventory and research progimsto
build the required information foundation for a Saary
management plan and subsequent monitoring programs.

(Zacharias et al. 2006)




4.

IWC Sanctuary Evaluation

Develop a Sanctuarmganagement planthat clearly outlines
the broad strategies and specific actions needadnieve
Sanctuary objectives.

Develop and initiate monitoring strategy that measures
progress towards achieving the Sanctuary objectives

Establisireview criteria that reflect the goals and objectives
of the Sanctuary.

Refine sanctuary management plamat periodic intervals.

(Zacharias et al. 2006)




