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NORTHERN FLYING SQUIRREL (Glaucomys sabrinus) 

HABITAT USE INFORMATION 

General 

The northern flying squirrel (Glaucomys sabrinus) inhabits co niferous,  mixed conifero us, and 
deciduous forests at altitudes from sea level to 2,000 m (6,600 ft) (Woods 1981).  The species' 
range extends from the Arctic tree line across the northern forests of Canada and Alaska south 
through the Cascade Range of Oregon and Washington (Hall 1981).  In California, they are 
locally common, yearlong residents of coniferous habitats from ponderosa pine (Pinus ponderosa) 
through lodgepole pine (P. contorta var. murrayana) forests (1,500 to 2,450 m [5,000 to 8,000 
ft]) a nd of ripa rian-deciduous forests of the Warner Mountains and the Klamat h, Cascade, and 
Sierra Nevada ranges (Zeiner et al. 1990).  Northern flying squirrels are strictly nocturnal 
spending mo st o f their t ime in trees, and the y locomot e by gliding up to 46 m (150 ft) (Weigl and 
Osgood 1974). They do not hibernate and are active throughout the year. 

Food 

Though northern flying squirrels subsist largely on fungi and lichens, they also consume mast, 
fruits, and animal matter such as insects, carrion and bird eggs (Ingles 1965; Weigl 1978; Woods 
1981). A study of food habits in California revealed winter and summer diets dominated, 
respectively, by arboreal lichens, particularly hair moss (Alectoria fremontii), and various 
hypogeo us and ep igeous fungi (McKeever 196 0).  I n the central Sierra Nevada, nort hern flying 
squirrels consumed 22 genera of fungi including 13 hypogeous fungi, 2 puffballs, 3 lichens, and 3 
gill fungi (Hall 1991).  Eight of the genera were co nsumed at different rates in different seasons, 
with 4 hypogeous fungi genera taken predominately during snow-free periods, and the remainder 
(three lichens and one gill fungus) eaten primarily during periods of snow cover (Hall 1991).  In 
Orego n, 90% or more of t he mater ials ingested by flying squirr els were fungi or lichens includ ing 
20 genera of hypogeous fungi (Maser et al. 1985). From December through June, hair moss 
lichen was the predo minant food.  During the balance of the year, hypogeous fungi were the 
principal food resources (Maser et al. 1985). 

Water 

No specific requirements have been reported in the literature.  However, nest s are frequently 
located near streams or rivers, and it is likely that drinking water is required during the summer 
(Zeiner et al. 1990). 

Cover 
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Northern flying squirrels require a forest mosaic that includes adequate denning and feeding areas. 
Flying squirrels, although primarily cavity nesters (Weigl 1978), frequently build outside nests or 
drays of shredded cambium, moss, and lichens supported by branches (Cowan 1936) or witches' 
brooms (Mowrey and Zasada 1984).  In Alaska, 61% of nests were in witches' brooms, 9% were 
classed as drays, and 30% were in cavities (Mowrey and Zasada 1984).  Nest heights varied from 
an avera ge of 8 m ( 26 ft) to 1 4 m (46 ft) in paper birch (Betula papyrifera) and white spruce 
(Picea glauca), respectively, while mean dbh of nest trees ranged from 22 cm (9 in) for paper 
birch to 33 cm (13 in) for white spruce (Mowrey and Zasada 1984). 

In the Pacific Northwest, flying squirrels occur in pine (Pinus spp.), fir (Abies spp.), mixed 
conifer, Douglas-fir (Pseudotsuga menziesii), hemlock (Tsuga spp.), and spruce (Picea spp.) 
forests (Gunther and Kucera 1978), and t hey may be more abundant in o ld-growth stands than in 
second-growth stands (Harris and Maser 1984; Franklin 1988; Witt 1992).  Tree cavities are more 
numerous in old for ests w here wo od rot,  frost crack ing, woodpeckers, and carpent er ant s have 
created or enlarged holes. The availability of cavities may be a significant factor affecting winter 
survival in areas where heavy precipitation and cold temperatures render more exposed nests 
uninhabitable (Cowan 1936; Maser 1981; Maser et al. 1981; Woods 1981).  Old-growth stands, 
due to a mor e favo rable micro-climate co nducive t o the gr owth o f lichens and hypogeo us fungi, 
may have more of these food sources than do second-growth stands.  However, in the Cascade 
Range o f Orego n, flying squirrel densities ave raged 2.0 and 2.3 squirrels/ha (2 .5 ac) in second and 
old-gr owth stands, respectively (Ro senberg and Anthony 1992).  In Califor nia, flying squirr els 
were fou nd in nea rly equ al propo rtions in small, medium, and large sa wtimber seral st ages of a 
Douglas-fir forest (Raphae l et al. 1986).  Similar numbers o f flying squirr els were captured in 
Californian riparian and upland coniferous forests despite large differences in vegetation structure 
and composition between these habitats (Doyle 1990). 

Reproduction 

Northern flying sq uirr els gener ally breed o nce p er year with lit ters bo rn from May to July 
(Grinnell and S tor er 192 4; Cow an 1936 ; Ingles 19 65; Mase r et al. 1981).  H owever, o ne 
incidence of fall breeding has been reported from Humboldt County (Raphael 1984), and 2 litters 
per year may be raised in the southern portion o f the range (MacClintock 1970 ).  The 
reproductive requirements of the northern flying squirrel are assumed to be met in the cover types 
described above. 

Interspersion and Composition 

Northern flying sq uirr els may fo rm aggregat ions dur ing the winter months and several ind ividuals 
may be found sharing a nest (Mowrey and Zasada 1984).  Aggregations within winter nests may 
help to reduce winter energy costs (Weigl 1978).  During the breeding season, females occupy 
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nest s with their yo ung, but males may cont inue t o share nest s throughout the year (Maser et  al. 
1981). In the Sierra Nevada, the home range of a mother-young group was 2 ha (5 ac) 
(MacClintock 1970), while in the Oregon Coast Range home ranges varied from 3-5 ha (8-13 ac) 
(Witt 1992).  The home range o f northern flying squirrels in No rth Car olina and P ennsylvania 
varied from 5-13 ha (12-33 ac) and averaged 7 ha (18 ac) (Weigl and Osgood 1974). 

In the Orego n Coast  Range, mean density estimates were 0.12 squirrels/ha and 0 .85 sq uirrels/ha 
(2.5 ac) in second and old-growth forests, respectively (Witt 1992).  In the Cascade Range of 
Oregon, mean densities ranged from 2-2.3 squirrel/ha (2.5 ac) in second and old-growth stands 
(Rosenberg and Anthony 1992).  Density differences between habitat types have also been noted 
in Utah (Andersen et al. 1980).  These authors found varying densities along a montane-
successional gra dient.  Whereas flying squirrels wer e absent from the montane meadow, the 
Populus-dominated forest had 0.2-1.8 squirrels/ha (2.5 ac); the Abies-dominated forest averaged 
1.2 to 5.8 squirrels/ha (2.5 ac), and the Picea-dominated forest had 0.2-2.1 squirrels/ha (2.5 ac). 

HABITAT SUITABILITY INDEX (HSI) MODEL 

Model Applicability 

Geographic area. 

The Califor nia Wildlife Habitat-Relatio nships (CWHR) System (Airola 1988; Mayer and 
Laudenslayer 1988; Zeiner et al. 1990) contains habitat ratings for each habitat type predicted to 
be occupied by northern flying squirrel in California. 

Season. 

This model is designed to predict the suitability of habitat predicted to be occupied by northern 
flying squirrels throughout the year.  Model predictions, however, may be more accurate for 
breeding habitat. 

Cover types.  

This model can be used anywhere in California for which an ARC/INFO map of CWHR habitat 
types exists.  T he CWHR Syst em cont ains suitability ratings for reproduc tion, cover , and feeding 
for all habitats northern flying squirrels are predicted to occupy.  T hese rat ings can be used in 
conjunc tio n wit h the ARC/I NFO habit at map t o mo del w ildlife habit at suit abilit y. 

Minimum habitat area.  

Minimum habitat area is defined as the minimum amount of contiguous habitat required before a 
species will occupy an ar ea.  Specific information on minimum areas r equired for northern flying 
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squirrels was not found in the literature.  This model assumes two home ranges is the minimum 
area r equired to suppo rt a nort hern flying squirrel populat ion during the breeding season. 

Verification level. 

The spatial model presented here has not been verified in the field.  The CWHR suitability values 
used are based o n a co mbination o f literat ure searches and expert opinion.  We str ongly 
enco urage field testing of bot h the CWHR database and t his spatial model. 

Model Description 

Overview.  

This mo del uses CWHR habitat type as the main factor determining suit ability of an area for this 
species.  

A CWHR habitat type map must be const ruct ed in ARC/INFO GRI D format as a basis for the 
model.  The GRID module of ARC/INFO was used because of its superior functionality for 
spatial modeling. Only crude spatial modeling is possible in the vector port ion of the ARC/INFO 
program, and much of the modeling done here would have been impossible without the abilities of 
the GRID module.  In addition to more sophisticated modeling, the GRID module’s execution 
speed is very rapid, allowing a complex model to run in less than 30 minutes. 

The following sections document the logic and assumptions used to interpret habitat suitability.  

Cover component.  

A CWHR habitat map must  be constructed.  The mapped dat a (coverage) must  be in ARC/INFO 
GRID format .  A grid is a GIS co verage composed of a matrix of information.  When t he gr id 
cover age is created, t he size of t he grid ce ll should be determined based o n the resolut ion of t he 
habitat data and the home range size of the species with the smallest home range in the study. 
You must be able to map the home range of the smallest species with reasonable accuracy. 
Howe ver, if the cell size beco mes to o small, dat a pro cessing t ime can increase considerably.  We 
recommend a grid cell size of 30 m (98 ft).  Each grid cell can be assigned attributes.  The initial 
map must have an attribute identifying the CWHR habitat type of each grid cell.  A CWHR 
suitability value is assigned to each grid cell in the coverage based on its habitat type.  Each 
CWHR habitat is rated as high, medium, low or of no value for each of three life requisites: 
reproduction; feeding; and cover.  The geometric mean value of the three suitability values was 
used to det ermine the base value of each cell for this analysis. 

Distance to water.  
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No water requirement was found for this species. 

Species' distribution.  

The study area must be manually compared to the range maps in the CWHR Species Notes 
(Zeiner et al. 1990) to ensure t hat it is within the species' range.  All grid cells outside the species' 
range have a suitability of zero. 

Spatial analysis. 

Ideally, a sp atial mode l of distribution sho uld ope rate on co verage s cont aining habitat element 
informatio n of primary importance to a species.  For example, in the case o f woodpeckers, the 
size and de nsity of snags as well as t he veget ation t ype would be of great impo rtance.  Fo r many 
small rodents, the amount and size of dead and down woody material would be important. 
Unfort unately, the large cost  involved in collect ing microhabitat (habitat element) information and 
keeping it current makes it likely that geog raphic infor mation syst em (GIS) cove rages showing 
such information will be unavailable for extensive areas into the foreseeable future. 

The model described here makes use of readily available information such as CWHR habitat type, 
elevation, slope, aspect, roads, rivers, streams and lakes.  The goal of the model is to eliminate 
areas that are unlikely to be ut ilized by the species and lessen the value of marginally suit able 
areas.  It does no t attempt to address all the microhabitat issues discussed above, nor does it 
account for other environmental factors such as toxins, competitors, or predators.  If and when 
such information becomes available, this model could be modified to make use of it. 

In conc lusion, field sur veys will likely discover that the species is not as widespr ead or abunda nt 
as predictions by this model suggest.  The model predicts potentially available habitat. There are a 
variety of reasons why the habitat may not be utilized. 

Definitions. 

Home Range: the area regularly used for all life activities by an individual during the season(s) 
for which this model is applicable. 

Dispersal Distance: the distance an individual will disperse to establish a new home range.  In 
this model, it is used to determine if Potential Colony Habitat will be utilized. 

Day to Day Distance: the distance an individual is willing t o t ravel on a daily or semi-daily basis 
to u tilize a dist ant resource (Pot ential Day t o Day Habitat) .  The d istance u sed in the model is the 
home rang e radius.  This is det ermined by calculat ing the radius of a circle with an area of one 
home range. 
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Core Habitat: a contiguous area of habitat of medium or high quality that has an area greater 
than two ho me ranges in size.  This habitat is in continuous use by t he species.  The species is 
succes sful enough in this habitat  to p roduce offspring that may disperse from t his area t o the 
Colony Habitat and Other Habitat. 

Potential Colony Habitat: a contiguous area of habitat of medium or high quality that has an 
area between one and two home rang es in size.  It is not  necessarily used continuously by the 
species. The distance from a core area will affect how often Potential Colony Habitat is utilized. 

Colony Habitat: Potential Colony Habitat that is within the dispersal distance of the species. 
These areas receive their full o riginal value unless they are further than three home range r adii 
from a core area. These distant areas receive a value of low since there is a low probability that 
the y will be utilized reg ular ly. 

Potential Day to Day Habitat: an a rea of high or medium quality habitat less than one home 
range, or habitat of low quality of any size.  This piece of habitat alone is too small or of 
inadequate quality to be Core Habitat. 

Day to Day Habitat: Potent ial Day to Day Habitat  that is close eno ugh to  Core or Co lony 
Habit at can be ut ilized by individuals moving out from those areas on a day to day basis.  The gr id 
cell must be within Day to Day Distance of Core or Colony Habitat. 

Other Habitat: contiguous areas of low value habitat larger than two home ranges in size, 
including small areas of high and medium quality habitat that may be imbedded in them, are 
included as usable habitat by the species.  Such areas may act as “sinks” because long-term 
rep roduc tio n may no t match mor tality. 

The table below indicates the specific dist ances and areas assumed by t his model. 

Distance variables: Meters Feet 

Dispersal Distance 4,500 14,765 

Day to Day Distance/ 114  372 
Home Range radius
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Area variables: Hectares M2 Acres Ft2 

Home Range  4.05  40,470  10  435,600 

Core Habitat $ 8.09 $ 80,940 $ 20 $ 871,200 
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Application of the Model 

A copy of the ARC/INFO AML can be found in Appendix 1.  The steps carried out by the macro 
are as follows: 

1. Determine Core Habitat: this is done by first  converting all medium 
quality habitat to high quality habitat and removing all low value habitat.  Then 

cont iguous areas of habitat  are gr ouped into regions.  The area o f each of the 
regions is dete rmined.  Those large enough ($ two home ranges) are maintained in the 
Core Habitat  cover age.  I f no Cor e Habitat is identified then the mod el will indicate no 
suitable habitat in the study area. 

2. Identify Potential Colony Habitat: using the coverage from Step 1, 
determine which regions are one to two home ranges in size.  These are 

Potential Colonies. 

3. Identify Potential Day Use Habitat: using the coverage derived in 

Step 1, determine which areas qualify as Potential Day to Day Habitat.


4. Calculate the Cost Grid: since it is presumed to be more difficult for 
animals to travel through unsuitable habitat than suitable habitat we use a cost grid to 

limit travel based on habitat suitability.  The cost to travel is one for high or medium 
quality habitat.  This means that to travel 1 m through this habitat costs 1 m of 
Dispersal Distance.  The cost to travel through low quality habita t is tw o and 
unsuitable habitat costs four.  This means that to travel 1 m through unsuit able 
habitat costs the species 4 m of Dispersal Distance. 

5. Calculate the Cost Distance Grid: a cost distance grid containing the 
minimum cost to  travel from each g rid cell to the clo sest Core H abitat is then 

calculated using the Cost Grid (Step 4) and the Core Habitat (Step 1).  

6. Identify Colony Habitat: based on the Cost Distance Grid (Step 5), 
only Potential Colony Habitat within the Dispersal Distance of the species to Core 

Habit at is ret ained.  Co lonies are close eno ugh if any cell in the Colony is within 
the Dispersal Distance from Core H abit at.  The suitabilit y of any Colony located 
further than three home range radii from a Core Habitat is changed to low since it is 
unlikely it will be utilized reg ular ly. 

7. Create the Core + Colony Grid: combine the Core Habitat (Step 1) and the 
Colony Habitat (Step 6) and calculate the cost to travel from any cell to Core or 

Colony H abit at.  This is used to determine which P ot ent ial Da y to Day Habitat 
could be utilized. 
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8. Identify Day to Day Habitat: gr id cells of Day t o Day Habitat are only 
accessible to the species if they are within Day to Day Distance from the edge of the 

nearest Core or Co lony H abit at.  Add these ar eas to the Core + Colony Grid (Step 
7). 

9. Add Other Habitat: large areas ($ two home ranges in size) of low value 
habitat , possibly with small areas o f high and medium habitat  imbedded in them may 

be utilized, although marginally.  Add these areas back into the Core + Colony + Day to 
Day Grid (Step 8), if any exist, to create the grid showing areas that will 
potentially be ut ilized by the species.  Each grid cell cont ains a one if it is utilized and 
a zero if it is not. 

10. Restore Values: All areas that have been retained as having positive habitat 
value receive their original geometric mean value from the original geometric value 

grid (see Cover component section) with the exception of distant colonies. 
Distant colonies (colonies more than three home range radii distant) have their value 
reduc ed to low because of the low likelihood o f utilization. 

Problems with the Approach 

Cost. 

The cost t o travel across low suitability and unsuit able habitat is not known.  It is likely that it is 
quite different for different species.  This model incorporates a reasonable guess for the cost of 
movement.  A small bird will cross unsuitable habitat much more easily than a small mammal.  To 
some extent, differences in vagility between species is accounted for by different estimates of 
dispersal distances. 

Dispersal distance. 

The dist ance animals are willing to dispe rse fro m their nest  or den site is no t well unde rsto od.  We 
have used distances from studies of the species or similar species when possible, otherwise first 
approximations are used.  More research is urgent ly needed o n wildlife dispersal. 

Day to day distance. 

The distance animals are willing to travel on a day to day basis to use distant resources has not 
been quantified for mo st species.  T his issue is less of a concern than dispersal distance since the 
possible dist ances ar e much more limited, espe cially with small mammals, reptiles, and 
amphibians.  Home range size is assumed to be correlated with this coefficient. 
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SOURCES OF OT HER MODELS 

No ot her habit at models were found fo r the no rthern flying sq uirr el. 
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/* NORTHERN FLYING SQUIRREL


/* nf smodel.aml -  This m acro c reates an HSI covera ge for t he 

/* Northern Flying Squirrel.


/* Version:  Arc/Info 6.1 (Unix), GRID-based model.


/* Authors:  Irene Timossi, Sarah Miller, Wilde Legard, 

/* and Reginald H. Barrett 
/* Department of Forestry & Resource Management 
/* Univ ersit y of Ca liforni a, Berk eley 

/* Revision: 2/10/95 

/* ------------------------------------------------------------------- 

/* convert .ID to uppercase for info manipulations 

&setvar .ID [translate %.ID%] 

/* Start Grid 

grid 

/* 

&type (1) Initializing Constants... 

/* Hom erange:  the size of the s pecies'  homer ange. 

/* DayPay: The amount the species is willing to pay traveling on 
/* a day-to-day basis. Used to determine the area utilized on a 
/* day-to-day basis.


/* DispersePay: Distance traveled when dispersing.  The amount

/* the animal is willing to pay when dispersing from a core area.


/* High: The value in the WHR grid which indicates high quality habitat.


/* Medium:  The value in the WHR grid which indicates medium quality habitat.


/* Low: The value in the WHR grid which indicates low quality habitat.


/* Non e:  The value in the W HR gri d whic h indi cates h abit at of no val ue.


/* Spec Code: T he WH R code f or th e species


/* AcreCalc:  The number needed to convert square units

/* (feet or meters) to acres.


&setvar SpecCode = M080


&if % .Measu re% = Met ers &th en

 &do


 &setvar Homerange = 40470

 &setvar DayPay = 114
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 &setvar DispersePay = 4500
 &setvar AcreCalc = 4047

 &end 
&else
  &if %.Measu re% = Feet  &then

 &do

 &setvar Homerange = 435600

 &setvar DayPay = 372


      &setvar DispersePay  = 14765

 &setvar AcreCalc = 43560


 &end

 &else


 &do

      &type Measurement type incorrect, check spelling.

      &type Only Meters and Feet are correct.


 &goto &BADEND

 &end 

&setvar High = 3 
&setvar Medium = 2 
&setvar Low = 1 
&setvar None = 0 

/* The following global variables are declared in the menu: 

/* .WHRgrid (WHR grid name): the name of the grid containing all 
/* the WHR information. 

/* .Bound (Boundary grid name): the grid containing only the 
/* boundary of the coverage. All cells inside the boundary 
/* have a value of 1. All cells outside the boundary must 
/* have a value < 1. 

/* .ID (Identifier): a 1 to 4 character code used to identify 
/* the files produ ced by t his pr ogram . You m ay pref er 
/* to use an abbreviation of the species' common name 
/* (e.g. use `fis1` for fisher). 

/* .SizeOfCell (Cell size): the size (width) of the cells 
/* used in the coverage grids. All grids used in the 
/* analysis must have the same cell size. 

/* .Measure:  the units the coverage is measured in (feet or meters). 

&type (2) Creating working grid of geometric means... 

/* Create a Geometric Means grid (Geom) for the species by 
/* copying these values from the WHR grid. 

Geom = %.WHRgrid%.% SpecCode%_G 

/* 

&type (3) Changing %Medium% value cells to %High% value for Merge grid... 

/* Create a grid (Merge) merging Medium and High 
/* value cells from the Geometric mean grid (Geom), 
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/* while leaving the value of other cells (Low and None) unchanged. 
/* Merge by changing the value of all medium cells to High. 

Merge = con(Geom == %Medium%,%High%,Geom) 

/* 

&type (4) Converting Merge grid zones into a Region grid... 

/* Convert the zones of the merge grid (Merge) into 
/* uni que regi ons (R egion) . These will  be used later 
/* to create core, colony, and day-to-day areas. 

Region = regiongroup(Merge,#,EIGHT) 

/* 

&type (5) Calculating the area of Region grid zones... 

/* Calculate the area of the zones (ZoneArea) on the region 
/* grid (Region). 

ZoneArea = zonalarea(Region) 

/* 

&type (6) Creating a Core Area grid... 

/* Extract areas from the zonal area grid (ZoneArea) 
/* sui tabl e for co re areas (Core) . Core a reas ar e defined 
/* as t he Mediu m+Hi gh zones in the merg e grid (Merge) 
/* with an area of at least two home ranges (%Homerange%). 
/* Set their value = 1. 

if (Merge == %High% and ZoneArea >= %Homerange% * 2)
 Core = 1 

endif 

&if n ot [exi sts Co re -vat ] &then
 &goto END 

/*


&type (7) Creating a Colony grid...


/* Extract areas from the zonal area grid (zoneArea)

/* possibly suitable for colonization (ColTemp). 

/* Col ony ar eas are d efined as Low o r Mediu m+Hi gh zones

/* in the Merge grid (Merge) with an area of between one

/* and two home ranges (%Homerange%). Set their value = 1.


/* Then set all nodata values in the grid to zero (Colony).


docell
  if (Merge == %High%)
    if (ZoneArea > %Homerange% and ZoneArea < %Homerange% * 2)

 ColTemp = 1
 endif 
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 endif 
end 

Colony = con(isnull(ColTemp),0,ColTemp) 

/* 

&type (8) Creating a Day-to-Day Use grid... 

/* Create a grid based on the values in the zonal 
/* area grid (ZoneA rea) an d mer ge grid (Merg e) 
/* suitable for day-to-day use (DayToDay). Day-to-day use 
/* areas are defined as Low if the area is less than two 
/* homeranges in size or Medium+High zones in the 
/* merge grid (Merge) with an area of less than one home 
/* range (%Homerange%). Set their value = 1. 

if ((Merge > %Low% and ZoneArea <= %Homerange%) or ~
    (Merge == %Low% and ZoneArea < %Homerange% * 2))
 DayToDay = 1 

else
 DayToDay = 0 

endif 

/* 

&type (9) Creating a Cost Grid based on habitat value... 

/* Using the merge grid (Merge), create a cost grid (Cost) 
/* based on the habitat-value. Cost represents the relative 
/* resistance a species has to moving across different quality 
/* habitat: Habitat-value Cost 
/* None 4 
/* Low 2 
/* Medium+High  1 

if (Merge == %None%) 
Cost = 4 

else if (Merge == %Low%)
 Cost = 2 

else if (merge == %High%)
 Cost = 1 

endif 

/*


&type (10) Calculating cost to travel from Core Areas...


/* Calculate the cost to travel the distance (CostDist)

/* from the nearest core area source (Core) using the cost

/* grid (Cost). 

/* 


CostDist = CostDistance(Core,Cost)


/*


&type (11) Calculating which Colony areas are Cost Effective...
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/* If Colony Areas exist...

/* Find the areas in the Colony grid (Colony) that could

/* be colonized from the core areas:


/* Assign costs to all cells in the Colony areas (Colony)

/* from the Cost grid (CostDist). Zero surrounding NODATA areas.


/* Make each colony a separate zone (ZoneReg) using

/* the regiongroup command.


/* Use zonalmin to find the minimum cost to arrive at each

/* colony (ZoneMin).


/* Set all NODATA cells to zero in ZoneMin to produce

/* ColZer1.


/* To find out which of the potential colonies can be utilized,

/* determine which have a cost that is equal to or less than

/* DispersePay. If the cost to get to a colony is less than

/* or equal to DispersePay, keep it in grid Col.


/* Fill the null value areas in Col with zeros to create ColZer2


&if not [exi sts Co lTem p -vat ] &then
 &goto SkipColony 

ColDist = con(Colony > 0,CostDist,0) 
ZoneReg = regiongroup(Colony,#,EIGHT) 
ZoneMin = zonalmin(ZoneReg,ColDist) 
ColZer1 = con(isnull(ZoneMin),0,ZoneMin) 

if (ColZer1 <= %DispersePay% and ColZer1 > 0)
 Col = Colony 

else
  Col = Core 
endif 

ColZer2 = con(isnull(Col),0,Col)


/*


&type (12)  Creating Core + Colony grid...


/* If colonies exist....

/* Crea te a gri d (Col Core) t hat co mbi nes the c ore 

/* (Core) and colony (Colony) grids.

/* Thi s gri d wil l be used to ana lyze day -to-day us e.


if (Colony == 1)
 ColCore = 1 

else
  ColCore = Core 
endif 

&label SkipColony 
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&type (13)  Calculate cost to travel from Core and Colony Areas...


/* If colonies exist...

/* Calculate the cost to travel the distance (CostDis2)

/* from the nearest core or colony area source (ColCore).

/* Otherwise just copy the CostDist grid to use for Day-to-Day

/* analysis.


&if not [exi sts Co lTem p -vat ] &then
 CostDis2 = CostDist 

&else CostDis2 = CostDistance(ColCore,Cost) 

/* 

&type (14) Calculating which Day-to-Day areas are Cost Effective... 

/* Thi s step a dds th e util ized Day -to-Day cel ls to the 
/* Core + Colony Area grid (ColZ er2) to prod uce the  
/* Day1 grid.  

/* Use the Core + Colony Cost grid (CostDis2)to find out 
/* what can actually be used day-to-day (any cell with 
/* a cost of DayPay or less). 

/* Retain any cell in the Day-to-Day grid (DayToDay) with 
/* a cost less than or equal to DayPay and greater than zero. 

/* If the Distance-Cost grid (CostDis2) = 0, 
/* it is part of the Core or Colony Area and 
/* sho uld get s its  value f rom Core + Co lony Area 
/* grid (ColZer2). 

&if [ exists ColTem p -vat ] &then
 &do

 if (CostDis2 <= %DayPay% and CostDis2 > 0)
 Day1 = DayToDay

 else
      Day1 = ColZer2

 endif
 &end 

&else
 &do

 if (CostDis2 <= %DayPay% and CostDis2 > 0)
 Day1 = DayToDay

 else
      Day1 = Core

 endif
 &end 

/* 

&type (15)  Finding Other Areas That May Be Utilized.... 

/* This step picks up any large low value areas and any small 
/* med ium or hig h valu e polyg ons th at are imb eded 
/* in them. 

/* First find any areas that are not currently in the included 
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/* set (Day1Z) but are in the original geometric mean coverage (geom) 
/* set Other to 1 where Day1Z = 0. 

/* if Other is all nodata, create the All coverage from 
/* the Day1Z coverag e. 

/* Split all other areas into separate regions (OthReg) 

/* Calculate the area of the regions (OthArea). 

/* Keep any region in OthArea with an area > 2 homeranges (Util). 

/* Change any null values in Util to zeros (OthZero). 

/* Add these areas to the Day1 coverage to create All 

Day1Z = con(isnull(Day1),0,Day1) 

if ((Day1Z < 1) and (Geom > 0))
 Other = 1 

endif 

&if not [exi sts O ther -vat]  &then
 All = Day1Z 

&else
 &do

 OthReg = regiongroup(other,#,EIGHT)

 OthArea = zonalarea(OthReg)

 if (OthArea >= %Homerange% * 2)

 Util = 1


 else 

Util = 0


 endif


    OthZero = con(isnull(Util),0,Util)

 if (OthZero == 1)

      All = OthZero


 else

 All = Day1Z


 endif 

&end


/* 

&type (16) Creating a Value grid... 

/* For any cell in All that has a value of 1, store the suitability 
/* value from the Geometric mean grid (Geom) to the Value grid. 

/* Other cells inside the boundary (%.Bound%) get a value of 0. 

/* 

if (All == 1)
 Value = Geom 
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else if (%.Bound% == 1)
 Value = 0 

endif 

/* 

&type (17)  Creating an HSI grid... 

/* if Colonies exist.... 
/* For any cell that was part of a colony that is further than 
/* 3 times the HR radius (DayPay) away from a core area, set the suitability 
/* to L ow.  Di stant  colon ies lo se valu e becaus e of thei r sm all s ize. 
/* This step produces grid Coll ow. 

/* Set all NODATA values in Collow to zero in ColZer3. 

/* Find any day-to-day use areas (DayToDay) that are being 
/* uti lized ( ColZer 3).  I f they are fur ther t han fo ur hom eranges 
/* from a core area (CostDist), they are utilized from a distant 
/* colony and their value will be decreased to Low in Day2. 

/* Then change nulls to zero in ValZero 

/* Keep all data within the boundary; call this final grid HSI. 

&if [ exists ColTem p -vat ] &then
 &do

 if (ColZer1 >= %DayPay% * 3)
 Collow = %Low%

 else
 Collow = Value

 endif

    ColZer3 = con(isnull(Col low),0,Collow)

 if ((CostDist > %DayPay% * 4) and (ColZer3 > 0) and ~
        (DayToDay == 1))

 Day2 = 1
 else

      Day2 = ColZer3
 endif

 &end 
&else

 Day2 = Value 

valzero = con(isnull(Day2),0,Day2) 

if (%.Bound% == 1)
  %.ID%hsi = valzero 
endif 

/* 

&type (18)  Quiting from GRID and adding the acres field..... 

/* Quit from GRID (Q), then run additem to add an acre item to 
/* the HSI gri d vat f ile (% ID%HS I.va t). R eindex on value w hen done. 
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Q 
additem %.ID%hsi.vat %.ID%hsi. vat acres 10 10 i 
indexitem %.ID%hsi.vat value 

/* 

&type (19)  Calculating acres..... 

/* Use I NFO to calc ulat e the acr eage field: Mu ltiply the num ber 
/* of cells by the cell size squared and divide by the number of 
/* squ are m eters per  acre (4 047).  Reindex o n valu e when don e. 

&data arc info 
arc 
select %.ID%hsi.VAT 
CALC ACRES = ( COUNT * %.SizeOfCell% * %.SizeOfCell% ) / %AcreCalc% 
Q STOP 

&END 

indexitem %.ID%hsi.vat value 

/* 

&type (20) Killing all intermediate coverages before ending macro... 

/* &goto OKEND 

grid 

kill Geom 
kill Merge 
kill Region 
kill  ZoneArea 
kill Core 
kill ColTemp 
kill Colony 
kill DayToDay 
kill Cost 
kill CostDist 
kill ColDist 
kill  ZoneReg 
kill ZoneMin 
kill ColZer1 
kill Col 
kill ColZer2 
kill ColCore 
kill CostDis2 
kill Day1 
kill Day1Z 
kill  Other 
kill  OthReg 
kill  OthArea 
kill Util 
kill OthZero 
kill All 
kill Value 
kill Collow 
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kill ColZer3

kill Day2

kill valzero


q


&goto OKEND


&label END

&type **

&type **

&type NO CORE AREAS EXIST, EXITING MACRO

&type **

&type **


kill Core

kill Region

kill  ZoneArea

kill Merge

kill Geom


quit


&label OKEND

&label BADEND


&type -------------- All done! ----------------


&return
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