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Analysis of the uncertainty in measuring density dependence of population growth rate
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Biological populations fluctuate in abundance over time. These fluctuations are affected both by
external environmental factors independent of population density, and by density-dependent factors.
The long-term average about which a population fluctuates will ultimately be set by the density-
dependent factors. The nature of the negative feedback relationship between population growth rate
and density is at the heart of population ecology. The existence and detection of density dependence in
real data sets has been, however, the subject of much controversy for several decades. The consensus
emerging from this prolonged debate is now that, when sufficiently long runs of data are available,
ecologists should be able to detect density dependence from population time-series. The duration
of observation appropriate for assessing the effect of negative feedback on population fluctuations
remains poorly understood: how long is long enough? A relevant serious concern is the issue of
density vagueness, that is, the exact location of the population equilibrium point is vague, which
obscures density effects on population growth rate. When plotting data on the form of the density-
dependent relationship (i.e. population growth rate against population density), ecologists have been
confounded by considerable noise around each relationship; this bivariate scatter makes it difficult
to locate the position of equilibrium density. The aim of this session is to describe the time scale of
population dynamics and to explain the uncertainty in measuring density dependence. The analysis of
the relationship connecting the elasticity to the variance of the population, starting with a discrete-
time linear model of population dynamics, explains the duration (complementary time) of & time
series necessary to detect density dependence in a noisy system. Applying a proper coarse-graining
procedure for time series analysis (i.e. looking at a long time-scale) makes the negative relationship
between population growth and abundance visible. It is difficult to know whether the system is
heading toward the equilibrium point in the time series of length less than the complementary time.
Besides the length of monitoring, the presence of serial correlation in the environmental stochastic
forcing has a substantial effect on the total density dependence in a population. The uncertainty
in measuring density dependence depends not only on the amplitude of population fluctuations, but
also via the environmental autocorrelation. The results are supported by the analysis of time-series
data from major fish populations in the North Atlantic.

Most fish biologists believe in regulation even though they have been able to find remarkably little

direct evidence for it.
Shepherd and Cushing (1990)

Given its fundamental importance in population ecology, it is surprising that data on the form of

the dependence of population growth rate on density have only rarely been plotted out.
Sibly and Hone (2002)
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BRI T (AR, 22U D> 1ENL TR Toq=-1/In|1-D| 2525 (KFR¥&7ay }), SFCIENLHEN
X L=30% 2=05 (R H3vizA=-05 (B L7,

Be » 1 DERTIZ, BEREZOMCRIBAILLIED (RRIIRS LBEARICKRESTY), yick
59 Afifo, o 1 b, YATFLAOBEEKFEIRETE 2V, £ 6 - 1 OWUOBBRICB T,
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ER(TT)CRALEE f 2HET3ERRE2E 5,

—n(t +1) + n(t) + wé(t +1) = By (—n(t) Fan(t—1) +w§(t)) +ep(t+1) (32)
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1=0 i=1
p—2 p—1
S a2t = [[(z - B) (39)
=0 =1

1)

R (38) DED%Z 0 LEET S L. Zd ARMA TFVICHT 2 HEABRERD, LidoT, Z0H
FEEABITE (i=1,...,p—1) L& 3, Ives et al. (2010) i3, EEREY A XOHRF— & DEERFUME

15



16

15¢ ' ' ]
2 S _ 6 BARM T, tRE2L—vavy4F IR
E o DIDDFHERD S LOBKME DHB, 3BD>
€ s S, FA, 38 DIATERERKERD ) b ) 2 ARMA
g ot EFNORKEEE (o). MARDHEBIRY 5, 238
I N : X (8) . -REFECEORMMEEESY 8; 3K
g | g3k @ THZHOETT, By =z ERT,

00 5 1‘0 T;

~1/logg[max(a, B¢, Br)]

Wih o, EFADOREp & & HIc ARMA REEHET 2 HEERHL T3, LidioT, 20 p ik
BT 3 "B AEEROROHTERES X, ARMA 7 LORESBAOEHEEIZ ARMA #
BOMEBED SHETE, ThizREBNBILEBRORWEERKEEL 5, Tl Lz, FHEBOY
EXRBOWE:L PHRRIIF—2 L LTBONLELTH, A2l —vaVv¥AF I AEBHEMZ 3
il & 2> D RBERE RS, HERY 4 XOBRRERTI T o BRI L F— BT AKX > TRO93
AEEERL TV 3,

25 3B

Brook, B. W., and C. J. A. Bradshaw. 2006. Strength of evidence for density dependence in abundance
time series of 1198 species. Ecology 87:1445-1451.

Bulmer, M. G. 1975. The statistical analysis of density dependence. Biometrics 31:901-911.

Dennis, B., and M. L. Taper. 1994. Density dependence in time series observations of natural populations:
estimation and testing. Ecol. Monogr. 64:205-224.

Dixon, P. A., M. J. Milicich, and G. Sugihara. 1999. Episodic fluctuations in larval supply. Science
283:1528-1530.

Godfray, H. C. J., and M. P. Hassell. 1992. Long time series reveal density dependence. Nature 359:673—
674.

Hanski, I. 1990. Density dependence, regulation and variability in animal populations. Phil. Trans. R.
Soc. Lond. B 380:141-150.

Hassell, M. P., J. Latto, and R. M. May. 1989. Seeing the wood for the trees: detecting density dependence
from existing life-table studies. J. Anim. Ecol. 58:883-892.

Holyoak, M., and J. H. Lawton. 1992. Detection of density dependence from annual censuses of bracken-
feeding insects. Oecologia 91:425-430.

ICES, 2008. ICES Advice 2008, Report of the ICES Advisory Committee.

Ives, A. R., K. C. Abbott, and N. L. Ziebarth. 2010. Analysis of ecological time series with ARMA(p, q)
models. Ecology 91:858-771.

Jonzén, N., J. Ripa, and P. Lundberg. 2002. A theory of stochastic harvesting in stochastic environments.
Am. Nat. 159:427-437.



17

Krebs, C. J. 2002. Two complementary paradigms for analysing population dynamics. Phil. Trans. R.
Soc. Lond. B 357:1211-1219.

Kubo, R., M. Toda, and N. Hashitsume. 1995. Statistical Physics II. Nonequilibrium Statistical Mechan-
ics. Second corrected printing edition. Springer-Verlag, Berlin.

Lande, R., S. Engen, B.-E. Sxther, F. Filli, E. Matthysen, and H. Weimerskirch. 2002. Estimating
density dependence from population time series using demographic theory and life-history data. Am.
Nat. 159:321-337.

Lundberg, P., E. Ranta, J. Ripa, and V. Kaitala. 2000. Population variability in space and time. Trends
Ecol. Evol. 15:460-464.

McArdle, B. H. 1989. Bird population densities. Nature 338:628.

Myers, R. A., and N. G. Cadigan. 1993. Density-dependent juvenile mortality in marine demersal fish.
Can. J. Fish. Aquat. Sci. 50:1576-1590.

Pollard, E., K. H. Lakhani, and P. Rothery. 1987. The detection of density-dependence from a series of
annual censuses. Ecology 68:2046—2055.

Reddingius, J. 1990. Testing for density dependence: a secondary note. Oecologia 83:50-52.

Roughgarden, J. 1975. A simple model for population dynamics in stochastic environments. Am. Nat.
109:713-736.

Royama, T. 1981. Fundamental concepts and methodology for the analysis of animal population dynam-
ics, with particular reference to univoltine species. Ecol. Monogr. 51:473-493.

Shenk, T. M., G. C. White, and K. P. Burnham. 1998. Sampling-variance effects on detecting density
dependence from temporal trends in natural populations. Ecol. Monogr. 68:445-463.

Shepherd, J. G., and D. H. Cushing. 1990. Regulation in fish populations: myth or mirage? Phil. Trans.
R. Soc. Lond. B 330:151-164.

Sibly, R. M., and J. Hone. 2002. Population growth rate and its determinants: an overview. Phil. Trans.
R. Soc. Lond. B 357:1153-1170.

Solow, A. R. 1990. Testing for density dependence: a cautionary note. Oecologia 83:47—49.

Solow, A. R., and J. H. Steele. 1990. On sample size, statistical power, and the detection of density
dependence. J. Anim. Ecol. 59:1073-1076.

Sparholt, H., M. Bertelsen, and H. Lassen. 2007. A meta-analysis of the status of ICES fish stocks during
the past half century. ICES J. Mar. Sci. 64:707-713.

Strong, D. R. 1986. Density-vague population change. Trends Ecol. Evol. 1:39-42.

Walters, C., and A. M. Parma. 1996. Fixed exploitation rate strategies for coping with effects of climate
change. Can. J. Fish. Aquat. Sci. 53:148-158.

Woiwod, I. P., and I. Hanski. 1992. Patterns of density dependence in moths and aphids. J. Anim. Ecol.
61:619-629.



