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Does population ecology have general laws?
Peter Turchin
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There is a widespread opinion among ecologists that ecology lacks general laws. In
this paper I argue that this opinion is mistaken. Taking the case of population
dynamics, [ point out that there are several very general law-like propositions that
provide the theoretical basis for most population dynamics models that were devel-
oped to address specific issues. Some of these foundational principles, like the law of
exponential growth, are logically very similar to certain laws of physics (Newton's
law of inertia, for example, is almost a direct analogue of exponential growth). I
discuss two other principles (population self-limitation and resource-consumer oscil-
lations), as well as the more elementary postulates that underlie them. None of the
“laws™ that I propose for population ecology are new. Collectively ecologists have
been using these general principles in guiding development of their models and
experiments since the days of Lotka, Volterra, and Gause.
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ECTh 1M B DKOJIOTUH 3aKOHBI,
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Ecnu Ha Teno He NeCTBYIOT CUJIBI (U UX




ECTb 1M B DKOJIOTUH 3aKOHBI,
OJ00HBIC (PU3NUECKUM

3aKOHaM?
Ecny Ha mOmyJIsALUIO HE JEMCTBYIOT HUKAKHUE
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AEMOHCTPHUPOBAaTh YKCIIOHEHIIUAIbHBIA POCT
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FiG. 2. Regression of total number (In) of Monk Parakeets recorded on Christmas Bird
Counts in the contiguous United States each year since 1975.
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Figure 3. Trend in grey seal pup production on Sable Island,
1962—1997, based on incomplete tagging (1962—1974), complete
tagging (1976—1990) and aerial surveys (1989—1997) (error bars:
approximate 95% confidence limits; curve: exponential fit to the
1976 through 1990 censuses, see text for equation).

ICES Journal of Marine Science, 60: 1265—1274. 2003
doi:10.1016/S1054—3139(03)00147-4

Sustained exponential population growth
of grey seals at Sable Island, Nova Scotia

W. D. Bowen, J. McMillan, and R. Mohn
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A eciy Mbl HE HAOIIOOAEM
S3KCIIOHCHIIUAJIBHOI'O pOCcTa?
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[Touemy HaOIrODACTCS
OTPAHUYEHHBIW POCT YUCIICHHOCTH !
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Mogaeins depxroiibera

* IIpocrasg momynsuus
* T - MAJIBTY3UAHCKUU ITapaMeTp
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Mojieiib OrpaHUYEHHOIO POCTA B
TUCKPETHOM (hOopMeE




UTo npencka3bIBa€T MOJCIID?

=
=
s |
m-
-
=
-
8]
=
0
=
o
o
I
I
L
uﬁ
=
J




JlorucTHYEeCKUU POCT B IIPUPOJIE
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— Data
- — Logistic, K =0.185, r=1.32 x 103
— Exponential, r = 2.31 x 107
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«I(pdeKkT 0a00UKN» B JOTMCTUYCCKON MOACIIH

e XaoTH4YECKas CUCTEMA - OTO CHCTEMA
YYBCTBUTEJIbHAA K HAYAJIbHBIM COCTOSHUSAM.
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yucrieHHocme 08yX
8PEMEHHbIX ps1008
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JIMHaAMMKa IIEPBOTrO U BTOPOIO
IOPs KA

e JIMHAMHUYECKHH IIPOLIECC MEPBOIO IMOPSIIAKA




Turchin, Taylor, 1992
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Kak onrcarb N3MEHEHUA €CJIU B MOITYJISLIUU
BBIJCIISIFOTCA BO3PACTHBIE KOTOPTHI?

Lemoepagbuyeckul [lpeobpaszosaHue demozpaghuyecKozo
8eKmop gekmopa
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Moaens fTMHaAMUKH MMOCEJICHUA MOJIJIFOCKOB-
(bMIBTPATOPOB C IIIAHKTOHHBIM Pa3BUTHEM
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* B3spociibie MOJUTIOCKH ITPOU3ZBOIAT Ha | £
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JIMHaAMKKa YUCIIEHHOCTH, IIPEACKA3aHHAsA MOJICIIbIO U
HAOJIFOIaeMbIE U3MEHEHNA; HET TOYHOTO COOTBETCTBUS

Hydrobiologia # \
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The cycle of mussels: long-term dynamics of mussel beds
on intertidal soft bottoms at the White Sea

Vadim M. Khaitov - Natalia V. Lentsman
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WHY DO POPULATIONS CYCLE? A SYNTHESIS OF STATISTICAL AND
MECHANISTIC MODELING APPROACHES
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CpaBHEHHE ITOBEACHUS MOIECIIEN U PEATBHBIX
JTAHHBIX

e PeanbHBIC NaHHBIE U
JTAHHBIE, CTCHEPUPOBAHHEBIEC
JIIBYMSI MOJICIISIMH,
OIIMCHIBAJIMCH 110 MHOT'UM
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JIMHaAMHUKA HOYJIAIAN
YeJI0BEKa

THE YEAR IN ECOLOGY AND CONSERVATION BIOLOGY, 2009

Long-Term Population Cycles
in Human Societies

Peter Turchin

Department of Ecology and Evolutionary Biology, University of Connecticut,
Storrs, Connecticut, USA
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Figure 1. Global population numbers over the

last four millennia (McEvedy and Jones 1978).
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Figure 3. (A) Population history of China be-
tween 201 BCE and 960 CE (Zhao and Xie 1988).
The dynastic cycles are indicated above each popu-
lation peak. The dofted line indicates the estimated
numbers during the period of disunity between the
collapse of the Eastern Han and the Sui unification,

when population reconstruction is very uncertain. (B)
Instability index of China between 200 BCE and
1000 CE (Lee 1931).
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Figure 5. (A) Dynamics of the occupation index
in Western Roman Empire (Lewit 1991). Occupation
index is defined as the proportion of the total number
of excavated settlements that were occupied during
each period from the first century BCE to the fifth
century CE. (B) Importation of African Red Slip Ware
into the Albegna Valley (Etruria) (Bintliff and Shonias
1999).
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Bemukun
HoBropon
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Figure 6. The rate of deposition of various kinds
of anthropogenic rubbish in Novgorod: leather shoe
remnants, broken locks, discarded pieces of cloth,
and lost amber ornaments (mainly beads). Each data
series was normalized by scaling to mean = 1 in or-
der to fit on the same graph. (Data sources: lzyumova

1959 and Rybina 1978).
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Figure 7. Dynamics of model (4). The trajectory
is shown for the period between 500 and 1000 years
to allow for transient dynamics to die out. Parameter
values: pp=1,p=0.25, rg=0.015, k.o, = 3, 6 =
0.1,a=0.01,b=0.05 and a = 0.1.

>~ N=(S, W)
_ S=f{N)
-~ W=A(5,N)

N - YUCJIIEHHOCTH
MO YJIALIUN

S - KOIUYECTBO
pPECYpPCOB B
rOCyJapCTBE

W - HHTEHCHUBHOCTh
KOH()IUKTOB (MHIEKC




Take home message

e MaremMaTuueckoe MOACIMPOBAHNE HEOOXOAUMBIN ATall
aHAJIM3a JTUHAMUKY TTOMYJISIIIUN

e (OCHOBHBIM 3aKOHOM JIMHAMUKU YHUCJICHHOCTH
MOMMYJISILINU SIBJIAETCS 3aKOH MasbTyca




Take home message

 MHorue nonyJjasiiyuu JEMOHCTPUPYIOT [IUKIUYECKUE
M3MEHECHHUS YHUCIICHHOCTH.

e Moaenu JTMHAMUKHU YUCICHHOCTH MOTYT BKJIIOYaTh
oODaTHBIE CBA3U 1-TO U 2-TO IMOPSIKOB.




Y10 mouuTare

 Begon, M., Townsend, C. R., & Harper, J. L. (2006). Ecology: from
individuals to ecosystems. Chapter 4.

 buron M., Xapnep /., Tayncenn K. 9konorus. Ocoowu,
nomnyssauu u coodmectna. T.1. M.: Mup. 1989. I'naga 4.

« H.M. Yepnona, A.M. brinoBa O0111ast 3KoJa0rusl. DJIEKTPOHHBIN




OnopHbIN mIOCCApUi

* BepodaTHOCTH nepexona MEexXIy *  (OCHOBHO€ YpaBHECHHUE TUHAMHUKHA
KOIOpTaMmu MO YJISIITAN




