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SUI'['IARY

A determinist ic model is presented for predict ing no. of  spotted owl
pairs ( terr i tor ies) in.opt imal habi tat .  The.model usEs four independent var iables
total  area (home range) occupied by one pair  (A),  proport ion of  over lap of
occupied areas between two pairs (P),  total  acreage of  area in quest ion (T),
and no. of  acres of  unsui table habi tat  in T (U).  

-Var iat ion 
in any of  these

parameters wi l l  change the est imate of  no.  terr i tor ies theoret ical ly possible
i l  un area. A general  solut ion space is der ived which suggests thai  i redic-
t ions of  greater than two or three terr i tor ies are more sensi t ive to minor
changes in A or P than changes in T or U.

THE BASIC MODEL

Let A represent the average area inhabi ted by a pair  of  spotted owls.  A may
represent total  home range size in several  d i f ferent t imber types, or a cr i t i -
cal  minimum area of  dense, mature or o ' ld growth douglas f i r  fo i^ the nest grove.
I f  such an area A is not shared, in total  or  in part ,  by another pair  of
spotted owls,  then the maximum number N of  pairs expected to be found in an
area of  T total  acres is
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If  each area occupied by a pair  is  not
,T
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I f  such discont inuous areas are U acres

cont i  guous ,  then

of unsui table habi tat ,  then
T-U

- N = l - ' .

I f  areas A over lap wi th proport . ions P between di f ferent pairs of  owls ( f ig.  1) ,
then l l  may be est imated as
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Fig.  1.  Schematic of  over lapping areas occupied
Each square represents A acres per pair .  Shaded
of over lap.  Dotted l ine represents ent i re area
of which may be unsui table.
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T-PA
r{ = [--p[- ,

or,  consi  der i  ng U acres o f  unsui  tabl  e f r ,abi  tat  ,
T-U-PA

1r1 =-[-e-. Eq. I

Fig.  2 shows a solut ion A-P plane when T--  U = 1000 ac of  sui table habi tat .
The curves in the plane represent condi t ions al lowing the existence of  up to
N pairs of  spotted owls.  For example,  i f  spotted owl home ranges over lap by
25 percent (P = 0.25),  and i f  the area occupied by one pair  is-500 ac (A-=
500),  then up to 2 pairs of  spotted owls might inhabi t  1000 ac (T -  [ f  = 1000]
of  sui table habi tat .  Using these hypothet ical  data in Eq. l ,

T -  U -  PA 1000 -  ( .?5\(s00)
,1 = - lT] [ -= 

m = 2.3 !2 pairs

Note the convergence of  the isopleth curves in Fig.  2 at  (P = 1,00,,A = 1000),
which is a poinl  on the l i -ne P = 1.00; th is l ine is the set of  a l l -condi t ioni '
of  complete over lap of  home ranges and represents a potent ia l ly  inf in i te no.
of  pairs of  spotted owls for  any value of  A.

Fig.  3 is the solut ion A-P plane when T -  [J = 2000 ac of  sui table habi tat .
Here,  wi th more sui table habi tat  avai lable then represented in Fig.1,  i f
spotted owl home ranges over lap by 25 percent and i f  the area occupied by
one pair  is  500 ac (A = 0.25, P = 500) as above, then up to 4 pairs of
spotted oi* ls might inhabi t  the 200 sui table acres.  The isopleth curves
conjoin at  P=l .00, A=2000.

The convergence of  the isopleth curves in both Figs.2 and 3 ref lects a con-
di t ion of  th is model:  that  as the amount of  sui table habi tat  avai lable approaches
the home range size of  one pair  of  spotted owls,  then the degree of  uncertainty
or var iat ion in the est imate of  N becomes greater,  at  h igher values of  P,  for
a given var iance in the value of  P.  In other words,  as T-U approaches A, and
for a given mean deviat ion in the value of  P ( i .e. ,  P is est imated as some

value plus or minus a mean deviat ion,  or  F + MD),  then the range in est imates

of N corresponding to tne ranie in va' lues of  P (F--  l lD to F'+ l , |O) is greater

values of  F.  This condi t ion may be graphical ly represented, as in

A general  solut ion space (A-P-T space) is presented in Fig.  5,  which shows the
solut ion of  N = 5 terr i tor ies.  The surface and the hal f -space below the sur-
face in the f igure represent condi t ions suff ic ient  for  at  least  f ive te ' r r i tor ies;
the hal f -space above the surface represents condi t ions of  less than f ive
terr i tor ies.  The solut ion space also indicates the relat ionship in the model
between area occupied by one pair  of  owls,  and total  area of  sui table habi tat ,
for  var ious values of  P and a given value of  N (see Fig.  6) .

at  h igher
Fi  9.  4.
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Fig.  2.  Solut ion plane for T -  U
for explanat ion of  equat ion which
curves at  P = 1.00, A = 1000.
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Fig.  3.  Solut ion plane for T -  U
for explanat ion of  equat ion which
P=1.00,4=2000.
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f ig.  4.  Realms of  conf idence in the est imate of  no.  of  spotted owl terr i tor ies
(N),  for_average values of  the proport ion of  over lap between adjacent terr i -
tor ies (F)^a1d.the di f ference betwlen area of  sui table habi tat  I f -U) and the
area occupied by one pair  of  owls (A),  for  a given mean deviat ion of  P.  The
imp' l icat ion of  th is curve is that  as sui table habi tat  decreases in s izer e.g.
to smal l  is lands of  o ld.growth,  then the degree of  conf idence in values of  N
generated by the model (Eq, 1,  text)  is  at  best  h igh, i f  the average proport ion
of over lap of  adjacent pairs of  spotted owls is low. Likewise, conf idence in
N is lower when consider ing larger areas of  sui table habi tat .
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Fig.  5.  Solut ion space of  Eq. I  in text ,
on the A-P plane wi l l  r ise for  N(5,  and
on or below this curve surface represent
existence of  at  least  f ive pairs of  owls.
insuff ic ient  condi  t ions.
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for N = 5 terr i tor ies.  Al l  curves
drop for N> 5.  Al l  points fa l l ing
condi t ions suff ic ient  for  the
Points above the sunface represent
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size of  spotted owls (A)
drawn under the condi t ion
over lap of  adjacent home

7

and .area of  sui table
of f ive terr i tor ies

ranges (P),  as per

Fig.  6.  Relat ion of  home range
habi tat  (T-U).  'The curves are
present,  at  var ious degrees of
Eq. I  (see text) .
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F ig.  5 as wel l  suggests that  the predict ions of  greater than two or three
terr i tor ies are,  in general ,  more sensi t ive to minor changes in A or P than
in T or U, as discussed above in relat ion to the solut ion planes.

DISCUSSION

The basic model is founded on the fol lorv ing assumptions:
l )  The no. of  terr i tor ies in an area of  sui tab' le habi tat  is  malnly a

funct ion of  two aspects of  the species'  b io logy: i ts home range size and the
degree of  over lap of  adjacent home ranges of  d i f ferent breeding pairs.

2) Home range size is posi t ively correlated with degree of  over lap of
adjacent home ranges of  d i f ferent pairs.

The spotted owl 's biological  need for a given feeding area A are probably qui te
var iable.  A is probably lower in value in areas where the prey base is ( i )
c lose to the nest ing grove, ( i i )  re lat ively dense ( i .e. ,  a high biomass of
prey per uni t  area),  or  ( i i i )  of  h igh qual i ty (e.9. ,  smal l  mammals vs.  insects).
Thus, as A var ies according to these factors,  the no. of  terr i tor ies in a
given area of  sui table hdbi tat  may vary as wel l .

The degree of  over lap of  adjacent home ranges of  breeding pairs is v i r tual ly
unknown. A smal l  degree of  over lap may be expected, as spotted owls are
highly vocal  dur ing the breeding season, and respond terr i tor ia l ly  and vigor-
ously to imitat ions of  their  own cal l  wi th in about one quarter mi le of  their
assumed nest grove, inferr ing that most of  their  home range is defended.

Amount of  over lap,  though smal l ,  may vary as a funct ion of  such var iables as
habi tat  qual i ty;  juxtaposi t ion and composi t ion of  d i f ferent age classes, canopy
closuresl  and composi t ions of  t imber stands vr i th in their  home range;,  and
genet ic relat ionship between the adjacent pairs.  Thus, as P var ies as per
these factors,  the no. of  terr i tor ies in a given area of  sui table habi tat  may
vary as wel l .

Also,  factors other than home range size and degree of  over lap of  adjacent home
ranges may inf luence the no. of  terr i tor ies in an area of  sui table habj tat ,  such
as presence of  potent ia l  predators,  degree of  external  d isturbance (as f rom
ff in) ,  and travel  corr idors as inf luencing dispersa' l  or  immigrat ion rates.  Af l
these factors may l imi t  the usefulness of  Assumption 1,  above.

Assumption 2 may hold in habi tats of  l imi ted s ize,  such as old growth is lands
in a sea of  young growth,  and only where the prey base and adequate nest ing
and roost ing substrates are not also l imi t ing.  Because of  such mit igat ing and
synergist ic factors,  the assumed posi t ive correlat ion betureen home range size
and degree of  over ' l  ap of  adjacent home ranges may be spur ious.
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