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Good management models and good models for
understanding biology differ in basic philosophy. Man-

agement models must facilitate management decisions

1
PBR= Nwin ERMAX Fr Q)

despite large amounts of uncertainty about the managed where, N, , = minimum population estimate, R =
populations. Such models must be based on parametersmaximum population growth rate, ang £ recovery

that can be readily estimated, must explicitly account

for uncertainty and should be simple to understand and

implement. In contrast, biological models are designed
to elucidate the workings of biology and should not be

factor.

The idea of the model is basic: humans should not
remove more than the population needs to maintain at

constrained by management concerns. Past marine mam-least half of its current carrying capacity (K) (or if K has
mal management was based on a simple biological model been constant, historical numbers). The model explic-

that, although it may have adequately represented popu-

itly incorporates two types of data uncertainty: impre-

lation dynamics, failed as a management tool because cision and bias. To get an intuitive grasp of the PBR
the parameter that triggered management action, maxi- management scheme, consider an analogy of shooting

mum net productivity level, was extremely difficult to
estimate for the majority of populations (Taylor et al. in
press). Uncertainty in parameter estimation resulted in
few conservation actions. The recently adopted man-

at a target. Instead of a bullseye, the target is a square
with a horizontal line bisecting the midpoint. For any
given shot at the target, the goal is to always (i.e., with
high probability) place your round above the line. This

agement scheme translates management objectives intosymbolizes maintaining populations above MNPL.

guantitative objectives called performance criteria. This

Imagine that you want to make certain when you shoot

allows the management scheme to be adjusted to meetthat you hit above this line 95% of the time. Now con-

objectives using simulation models (Wade 1997) and
puts management decisions on a quantitative footing

such that those disagreeing with the management out-
come must openly state that they disagree with the per-

formance criteria.

The marine mammal example shows how a rarely
implemented law can be turned into a functioning and
pro-active law through appropriate consideration of
uncertainty. The new management regime grew out of
proposals from NMFS, the Marine Mammal Commis-
sion, fishing groups and environmental organizations.
It sought to do three things: (1) explicitly consider un-

sider two guns: a pilgrim’s musket and a sniper’s rifle.
The rifle shoots with great precision and is equivalent
to an abundance estimate with a very low coefficient of
variation (CV). Even an expert marksman, however,
would be considerably less precise with the musket; re-
peated attempts with the musket results in a more dif-
fuse pattern than with the rifle. In order to insure a high
chance of hitting the target above the line, the marks-
man would deliberately aim the musket higher than the
rifle. Using N, in the PBR equation effectively raises
the aiming point to adjust for poorer precision in the
abundance estimates. How high above the line the marks-
man needed to aim was decided by simulating the re-

certainty in management, (2) base management on pa- sponse of the hypothetical population to PBR-type man-

rameters that could be estimated, and (3) provide incen-

agement. The simulations both estimated abundance and

tives to gather better data. The management goals of the removed the estimated PBR from model populations.

Act are to maintain populations 1) above optimum sus-
tainable yield, and 2) as functioning elements of their

ecosystem. These were interpreted as performance cri-

teria: 1) populations starting at 50% of K (MNPL) should
remain at that level or above over the next 20 years with
a 95% probability, 2) populations at 30% of K should
reach MNPL in 100 years with a 95% probability, and

3) stocks should be defined so as to maintain the spe-

cies’ range. A mortality limit, called the Potential Bio-
logical Removal (PBR), is calculated as:

The views expressed herein are those of the author, not necessarily NMFS’

Finding the proper level needed to adjust for poor pre-
cision is termed tuning. Repeated simulations using dif-
ferent lower percentiles of the abundance distribution
for N,,, were used to find the level of precision that met
management objectives. This level would allow the
marksman to placed his/her round above the line 95%
of the time. Wade (1997) found the appropriate level
for N,,,, to be the lower 20th percentile of the distribu-
tion of an abundance estimate.
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The simulations illustrated that using the “best” es- that biases can be reduced by improving abundance es-
timate manages less well known populations (with lower timates or stock definitions. If the data are sound and
precision abundance estimates) less conservatively. fisheries contribute significantly to mortalities in strate-
Using a lower percentile of the abundance, in contrast, gic stocks, a Take Reduction Team is formed. The team
manages less well known populations more conserva- of fishers, environmentalists, state and federal govern-
tively. Thus, simply incorporating the uncertainty due ment representatives and scientists is charged with the
to the precision of the abundance estimate met two man- task of recommending means to reduce the kills (take)
agement goals: increasing the margin of safety commen- to levels at or below PBR within 14 months subsequent
surate with the level of our ignorance of the population, to the finalization of the stock assessment reports.
providing an incentive to gather more precise data.

Results of current management model

The second type of uncertainty is bias, which was
incorporated through the recovery factor parametgr (F After the first year of implementation (1994), stock
Returning to the marksman analogy, bias would be in- assessment reports were written for 153 stocks in U.S.
dicated if shots aimed at a target consistently missed in waters, and PBRs were published for 89 stocks (Barlow
one direction. The correction is to tune the sights. If the et al. 1995; Blaylock et al. 1995; Small and DeMaster
sights are improperly adjusted, the marksman may aim 1995). Kills exceeded PBR for 24 stocks of marine mam-
above the line but consistently hit below it. There are mals. Although some of these, such as harbor porpoise
many ways that bias could lead to unfavorably overesti- in the Gulf of Maine, were known to be at risk before
mating PBR; therefore, a second set of simulations con- the management scheme was instituted, many were spe-
sidered bias in the estimated parameters. One scenariocies that had received no attention in the past. Chief
considered was overestimating the abundance by a fac- among these are species of whales that spend long times
tor of two. Such an overestimate could come from the beneath the surface, including sperm whaRig/§eter
relatively unlikely event of animals being attracted to macrocephalusand numerous species of beaked whales
the survey vessel or, more likely, from animals being (Family Ziphiidag. Some of the greatest advances in
included in the abundance estimate that were really part knowledge since the new management regime came into
of another population. The possibility of such errors led place are for the relatively rare and unstudied species,
to the setting of default values for the recovery factor like the beaked whales. New assessment techniquesthat
(F2) such that 95% of the simulated populations equili- are more suitable for these rare species have been cre-
brated within OSP despite such errors. If the possible ated (Barlow and Sexton 1996).
factors that cause bias are eliminated, this parameter can

be raised to a value of one. However, doing so dramati- The stock assessment reports reveal both stocks that
cally reduces the safety margin for managing the spe- are at risk and gaps in our knowledge required for proper
cies (Taylor 1997). management. Comprehensive surveys of the Pacific

coast were completed in 1996 and are scheduled for the

The final parameter in eq. 1 ig R . Here again we Atlantic coast in 1998. Because the law mandates moni-
chose to use conservative default values when data aretoring, surveys are planned to continue on a rotational
lacking. Using data from recovering populations, con- schedule. Testing of the scheme has also made clear the
servative default values were chosen as 0.04 for whales importance of understanding population structure and
and dolphins and 0.12 for seals and sea lions. Of course, genetic sampling (which are becoming an integral part
data from the species or population of concern are used of survey design). Knowing the spatial distribution of
whenever available. Details of the simulations and ra- Kills allows formulation of stock boundary hypotheses
tionale for default values are given in Wade (1997). needed to interpret genetic data (Taylor and Dizon 1996,

Taylor 1997, Taylor et al. in press). Take Reduction

Uncertainty about how the law will be implemented Teams have been formed and research is underway to
by government agencies was also considered. PBR’s are develop techniques to reduce the number of marine
calculated for each stock by federal government scien- mammals killed in fisheries to as near zero as practi-
tists and are presented in stock assessment reports. Theseable.
reports are reviewed by three regional Scientific Review
Groups, a body of non-federal scientists (representing Despite the initial appearance that for many spe-
perspectives of state agencies, academia, fisheries andcies and areas this management scheme seems to be
environmental groups) who make recommendations on working well, there are some concerns. The most ne-
research priorities and the adequacy of the data used. glected parameter is the estimate of kills. Estimates are
Stocks for which estimated fishery-caused mortality especially poor for fisheries with large numbers of very
exceeds PBR are termed “strategic”. Regulations are not small boats, often operated by one person. Assuring
automatically imposed on fisheries when kills exceed adequate coverage would require a much higher level
the PBR. Instead, data are scrutinized for the potential of funding than is currently allocated to this problem.
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Another area of concern is the definition of stocks. Blaylock, R. A., J. W. Hain. L. J. Hansen, D. L. Palka, and G.
Although a single definition was used in the PBR guide- T. Waring. 1995. U.S. Atlantic and Gulf of Mexico ma-
lines published to standardize management (Barlow et ~ "ne mammal stock assessments. NOAA Tech. Memo.
al., 1995, Wade and Angliss 1997), different regions ~ NMFS-SEFSC-363. 211pp.

did not agree with this definition and created their own Small, R. J. and D. P. DeMaster. 1995. Alaska marine mam-
definitions. The success of this management scheme  mal stock assessments 1995. NOAA Tech. Memo. NMFS-
depends in large part on proper definition of stocks or ~ AFSC-57.

use of £ to account for potential biases. If stocks are Taylor, B. L. 1997. Defining “population” to meet manage-
defined in large units, such as the entire Pacific coast, it ment objectives for marine mammals. p. 347-364 in Mo-

is likely that localized fisheries will never exceed PBR lecular Genetics of Marine Mammals (A. E. Dizon, S. J.
and therefore any management actlons needed to pre_ Ch|VerS, and W. F. Per”n, edS) Spemal Publication 3.
serve the integrity of the range would not occur. Never- ~ Allen Press, Inc., Lawrence, Kansas, U.S.A.

theless, many scientists feel it is beyond the prerogative Taylor, B. L. and A. E. Dizon. 1996. The need to estimate
of science to draw lines on a map when data are few to ~ power to link genetics and demography for conservation.
nonexistent. Refusing to draw stock boundaries does not, ~ Cons. Biol. 10:661-664.
however, leave the stock as “undefined” with no kills  Taylor, B. L., S. J. Chivers, and A. E. Dizon. 1997. Using
allowed. Rather, refusal defines the management unit  statistical power to interpret genetic data to define man-
as the range of the species and puts the burden of prov- agement units for marine mammals. p. 347-364 in Mo-
ing that population structure exists on scientists before ~ lecular Genetics of Marine Mammals (A. E. Dizon, S. J.
any management actions will be taken. Obtaining mea- Chivers, and W. F. Perrin, eds.). Special Publication 3.
sures of population structure for marine animals is dif-  Allen Press, Inc., Lawrence, Kansas, U.S.A.
ficult because their aguatic nature limits access for re- Taylor, B. L., P. R. Wade, D. P. DeMaster, and J. Barlow. In
search. Requiring proof of structure means at the least ~ Press. Incorporating uncertainty into management models
lengthy delays until management units are adequately ~ for marine mammals. Cons. Biol.
defined. Indeed, requiring such proof may make the new Taylor, B. L., S. J. Chivers, S. Sexton and A. E. Dizon. Sub-
management scheme as ineffective as the old scheme mitted. Using simulation models that incorporate uncer-
for some species because a required parameter is essen- tainty to estimate dispersal rates from mitochondrial DNA
tially impossible to estimate. data. Cons. Biol.
Wade, P. R. 1997. Calculating limits to the human-caused

Indirect and direct human-caused mortality pose the mortality of cetaceans and pinnipeds. Mar. Mammal Sci.
greatest risks for marine species and we have directed  14:1-37.
our management efforts accordingly. General lessons wade, P., and R. Angliss. 1997. Guidelines for assessing ma-
from our marine experience are: 1) models must be rine mammal stocks: Report of the GAMMS Workshop.
based on parameters that are easily estimated, 2) model NOAA Tech. Memo. NMFS-OPR-12.
performance is guided by performance criteria, which
are a quantitative form of management objectives, 3)
uncertainty should be directly incorporated so that not
only can management proceed despite uncertainty but
that management is more conservative the greater the
uncertainty, and 4) management models should be rig-
orously tested using simulations.
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