
Match made. . . on earth
1. Match the following graphs and stories.

(a) The lynx population in the Yukon Ter-
ritory fluctuates with a period of about
9.6 years.

(b) Well depth, a proxy for aquifer level,
shows a seasonal variation with constant
winter levels and sharp decreases each
summer.

(c) The arctic lemming population peaks
about every four years. (This is true in
Canada, Norway, and all arctic lemming
populations.)

(d) The water level of Lake Superior fluctu-
ates seasonally, and the average yearly
level has been declining for several years.

(The water level graphs use monthly measurements, while the population graphs use yearly
averages. What difference does this make in the shapes of the graphs?)
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duration  or  amplitude  during  the  past  two  decades.  Although  peaks  in  abundance  tended  to  be  lower  from  2001  to  2009

than  during  the  previous  decade,  the  most  recent  peak  (2011)  was  very  high.

Fig.  4.4.  Temporal  changes  in  lemming  abundance  at  various  circumpolar  sites:  Taymyr  Peninsula,
Russia  (Siberian  brown  lemming,  stars  are  years  with  unquantified  high  densities;;  data  courtesy  of  B.

Ebbinge  &  I.  Popov);;  Bylot  Island,  Canada  (Nearctic  brown  lemming;;  data  courtesy  G.  Gauthier);;

northeast  Greenland  (Nearctic  collared  lemming  at  Traill  Island  (black  triangles)  and  Zackenberg

(open  triangles);;  data  courtesy  B.  Sittler  and  N.  M.  Schmidt);;  Wrangel  Island,  Russia  (Siberian  brown

lemming  and  Wrangel  Island  collared  lemming  combined;;  data  courtesy  I.  Menyushina;;  note  different

x-­axis).

In  some  regions,  however,  the  cyclic  pattern  is  changing,  especially  the  cycle  duration.  On  Wrangel  Island,  northeast

Russia,  the  period  between  years  with  peak  densities  has  increased  from  five  years  in  the  1970s  to  close  to  eight  years

in  the  1990s  and  2000s  (Fig.  4.4;;  Menyushina  et  al.,  2012).  In  Greenland,  Nearctic  collared  lemming  abundance  is
tracked  using  winter  nest  counts  at  Traill  Island  (~72°N)  and  Zackenberg  (~74°N),  both  in  high  Arctic  northeast

Greenland.  Until  2000,  lemming  dynamics  on  Traill  Island  were  characterized  by  regular  cycles  of  approximately  4  years

(Fig.  4.4;;  Gilg  et  al.,  2003;;  Schmidt  et  al.,  2012).  Given  the  high  degree  of  correlation  in  abundance  between  the  two
localities  (Schmidt  et  al.,  2008),  the  dynamics  at  Zackenberg  were  most  likely  similar  to  those  on  Traill  Island  prior  to

1996.  Around  2000,  the  population  dynamics  changed  simultaneously  at  both  localities,  and  regular  cycles  were  replaced

by  irregular,  lower  amplitude  fluctuations  at  low  densities,  especially  at  Traill  Island  (Fig.  4.4;;  Schmidt  et  al.,  2012).  On
southern  Banks  Island,  in  the  western  Canadian  archipelago,  outbreaks  of  Nearctic  collared  lemmings  and  Nearctic

brown  lemmings  occurred  every  3  to  4  years  in  the  1960s  and  1990s  (Maher,  1967;;  Larter,  1998).  Further  north  on  the

island,  the  cyclic  period  seems  to  have  increased  to  5  years  since  the  late  1990s  (Parks  Canada,  2009).

In  some  other  regions  the  data  are  less  clear,  partly  because  of  more  intermittent  monitoring.  On  the  Taymyr  Peninsula

of  north-­central  Russia,  Siberian  brown  lemmings  cycled  with  outbreaks  every  3  to  4  years  from  the  1960s  to  1990s

(Kokorev  &  Kuksov,  2002).  More  recent  monitoring  suggests  a  more  variable  period  (Fig.  4.4;;  Ebbinge  &  Mazurov,  2005;;
Popov  2009).  In  this  region  collared  lemmings  are  less  numerous  but  fluctuate  in  synchrony.

Interpretations  of  these  trends  towards  longer  cycle  duration  and  cycles  with  noticeably  lower  amplitude  are  driven  by

correlations  and  models,  and  specifically  those  involving  changes  in  snow  conditions  associated  with  a  warming  Arctic

climate  (Ims  and  Fuglei,  2005)  -­  see  the  Snow  essay  for  additional  information  on  changing  snow  conditions.  The  idea
that  winter  snow  conditions  could  have  a  dramatic  effect  on  dynamics  by  influencing  winter  reproduction  was  proposed

by  MacLean  et  al.  (1974).  Reduced  cyclic  amplitude  suggests  constraints  on  the  winter  breeding  necessary  for  rapid

population  growth.  Gilg  et  al.  (2009)  have  modelled  the  effects  of  longer  snow-­free  periods  (earlier  melt  and  later  onset)
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2. Translate each phrase into the language of derivatives and then sketch a possible graph,

labeling axes appropriately:

(a) The growth rate of the population P (t)
increased steadily over the period of ob-
servation.

y-axis

x-axis
y=1

x=1

(b) Road salt usage S(t) was zero during
summer months, began rising in Novem-
ber, and peaked in March.

y-axis

x-axis
y=1

x=1

(c) While average yearly population is in-
creasing, the population P (t) continues
to show a 6-year population cycle.

y-axis

x-axis
y=1

x=1

(d) The substance in the soil S(t) has a de-
cay rate proportional to its quantity. The
initial amount is 4 grams per cubic meter
of soil.

y-axis

x-axis
y=1

x=1
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