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“A gquirrel leapmxgxﬁ’m bough
antl ma,?cm.g/ﬁmev wood but ovie:

N

.'T g nonhemﬂvmg Sguiriel may be an ‘zmpormm mdzcaror of ecasystem pradictivity-in

The effest ef nm ber-harvest 'on genetic
diversity (biodiversity) of wildlife is a

major issie of contemporary forest

IN SUMMARY

Forest manugemeni 'zk?réfaeghé;az- the

world is producing simplified forests.
There is growitig.coricern that these

forests maintain neither-complete veric-

brdre commiinities rigr conditions

Ralpih Waide Emersan; 1803-1882

¥ trong sexual diive and promisciiity
may be among the saving graces 'of-
the northern ﬂylng squirrel,

.nocturnal tree-dwelling rodent common- m_

_Pac_lf' o Northwest forests. Combine these

life-history atfributes: with landscapes, that

don’t impede their movement; and the

ability of flying squirrels. to recover aftér

management distirbance 15 possibly quite
robust. The- question is, how robust, and

under which specific management condi-

ropns?.

& dEClIlCiIL \.aall PUPUIdLlUlI.’: UJ bpcblgs
remain healthy through commercial thin-

nings, ‘clearcuts, forest fragmentation? Can
multiple societal goals——ranging from
timber production. to wildlife, habitat—he
mét smulta.neously across the sameé land-.

scape?’

“Forest.management over the-last. 150
years has simplified and fragmented many
forests, and produced conditions unfavor-
able for mainitaining gefietic diversity in

veftebrate populations,™ says Todd Wilson,.
-a wildlife biclogist with the Beologieal
Foundations .of ondwers:ty team at Ihe'

Pacific. Northw LB

Bezetic butlding blocks.



Qlympia, Washington. “Because the

ecological health of forests is coming

under closer scrutiny, managers. must now
choose among straregies that vary in

intengity and amount of timber harvest,.

and-therefore in. Intensity of disturbance to
forest organisms.”

Within the contintiurm of forést ranage-
ment practices, ranging from short-rota-
‘tion monoculiures ¢ long fotations with-
out interrmediate intervention, lie alterna-
tives that can produce opposing effects.

Management strategies may promote land-
§cape:;. function, enhance biediversity, and
maintain gcnenc dwersmy, -or they miay
lead. to unp_red:ctable_.and. chaotic condi-
tions. fragmented-populations; and adcel-
erated loss of genetic diversity, according
to Wilson.

“Our current understanding of the effects
of either historical or new forest manage-
ment on the gengtie diversity of vertebrate

KEY FINDINGS

~ Flying squirrels residing i a highly £ aambmed forest had: markedly lower
genetic variation, a-reduced gene pool, and {ess variety in genietic formi than did
populaucns within relatweiy continuous forests with few physical barriers te
squirrel movement. Restfiction of gene flaw owing to.past and: current’ forest
managemem could account for much of the vanatmn

: :Sharp populauon declines in uxpenmental forests after vana’ole dens:ty thm—
ning reduced gene diversify by more than ane third; d_zv.ersﬁy returned 1o initial
'Ievels w1th1n 3 yoars.

R hrsaedn P masan Pt aavsannea P [ v

Flying. squlrrel matlng behavlor (promlscult} by both sexes and lon g-distance
mate-seeking by males) as well as high landscape permeability. (lack of impedi
menis to moveément) produced rapid gene flow-and quick recovery after

mariggement disturbance.

populations is primarily limited 1o

theory—few field stud _fe g have heen

conducted,” he says, Recent advances-in.
DNA apalysis teclinigues-have mproved

SELECTING THE INDICATORS

¥ reat-care must be taken in. se]ect—
ing species to be used to index
changes oecurring under. differ-

ent management strategies, he says. Tn:the

Pa‘g'i-f_l_,c Northwest, the northémn flying
sgiiirre]l oetupies a dentral place in
complex food webs: it feéds on-fiuts and
fruits of Northwest plants as well as the

frultme ‘bodies of various fungl, and it is:
prey to larger species such as owls and
weassels. Flying squirrels occupy a wide

range of forésted habitats, and their popu-
lations: vary widely in abundance, dépeud-
ing on-focal habitat conditions. THey are
thts Wwell-pasitioned to indicate the overall
__p_rb'duct'ivify of their native ecosystems..

“Flying squirrels are totally dependéiit.on
‘trées: for major travel and dispersal, th ‘thirs
"nor}fore ted nate ches are. virfnally imper-

Hierosatellite DNAT

To complicate matters further for the

ﬂ_ym_cr squirrel, the cuirent landscape of
the Pacific Northwest, once coveréd by

significant aréas of large; old-growth

- forests, is now. dominated by a checker-
board of cleareuts and dense stands of

second- -growth Douglas =fir forests “The
Jjuxtaposition, shape; and age of stands
may Hmit the ablhty of flying sduimrels to
mate widely and dispetse as colonizeis—
processes important for genetic -exchange
and mainiénance of genétic diversity. Thus

‘they may be miore sensitive to the effect of

hufﬁar_l'_disturba_nces on genefic diversity at
managemeni-unit Jevels than other
species,” he notes.

Wilson established & study designed to
examine whether -flying 5.qui'r.r.i‘:_l

approaches for analyzing population §truc-
ture it wildlife, and Wilsbn taok the
meéthodology into the field with flying
squirrels: '

hair color or tail length; and it can be
highly variable, which can help umquely
idéntify both indi viduals and populations.
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* Wilson explains, “They

£an use stancis of small trees such as those
found at h]gh elevatipns. or lamudes, but
large clearciutsin Pacific Northwest {orests
_pmduce barriers to flying squirrel: disper-
sal for at least-2( to 35 years ‘followin;
harvest.”
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For comparison, Wilson chose a third
{Isplated) forest that was more intensively
disturbed -than the two Puget Sound loca-

“tigns; most of the Isolated stands were

sobject to regular clearcuis, leaving a
highly fragmented forest jn their wake.
Although less than 25 mileés distant, this
forest was separated from the other two by

the J-5 carridor, the cities and suburbs of
Lacey, Olympia, and Tumwater, and many
rural-roads, agricultural fields; prairies,

and ‘erasslands. This was a mixed hard-

wood-conifer 'f-qr'eé‘t__‘,- with a dénse under-
story of fems and salmonberry. The study.
site was surrounded by stands less than 10

to 25 years old. but connected to other

GLACIERS, GENES, AND FIRES

¥ here afe rievér trué “coiitrols” in
evaluating the genetics of any wild
: pophlation because each popula-
tion-arises from- a-unique’ combination of
geological and ecological events” Wilson
explains. “Thus an understand_{ng of the
known history of a populdtion éan be

important for providing critical insight.

inita observed genetic patterns.”

All'_:thr_ee_-. forests, he says, developed under-

the. influence of the most resent glaciation
to affect westérn Washington, about
14,000 yedrs ago. The Tegacy and Timber

Forestiwere covered by thick shéets of

ice; the Isolated Forest was not under such-
de_e'p cover, but Habitat Qoﬁditionswoulﬂ
have been harsh and likely inhospitable to
flying squirrels.

Although the postglacizl landscape.
between the Puget Sound forests and the
Isolated Forest did contain harriers,
Wilson points out that- they were refatively
ephemeral, and {arge forests to the south

r-t'should be emiphasized thar our

génetic variation in forests with

different management histories—cause

and effect cannot be shown,™ Wilson says.
*Qur discussion’ of these resu]ts should
only beviewed 48 generatmg hypothe-

approach was to descithe patierns of

conld have: :jardt?ide'd'- a large gene pool for

squirrel repopulation in all three forests
once glaciers receded. Contiguous forests:

throughout the tegion after glaciers
receded alsc-would have hélped gene flow.

“But the-mosaic naturé.of the 1;mdscape

- has had a dynamic hrstory roe,” he says.

“Gene flow was lkely Sporadm and

circuitous owing to the dynamic forest-

prame moesaie maintained by fi fires set. by
Nafive Americans, which would have’ peri-
odically changed: thé isolation-by-distance
éffects betweéen the dreas™

But then over the last 150 years, forest
contiguity would have increased a§ settlers
frora the Eastern United Statés suppressed
fires.. And-then, in turn, conversion of
forests to farming homes: and towns would
have turned the tables again. Thes flying
squirrel gene pools have déveloped, strug-
gled, and returmed through a vatiefy of both
natuial and anthropogenic disturbantes.

ADAPTING TO DISTURBANCE

Farest had slightly higher genetic variation
because it had.a largér population size;

presumably because of higher quality

squirre] habitat comparec[ to the Timber

Forest. In contrast, Wilson says, the

Isolated Forest differed-from the other tivo

-ifi-both variety-and composition:

second-growth. forests of similar age by
narfow sirips.of trées about 80 vards wide,

While imroediate history—of the past 70
years—is one factor aff eciing curTent popu-
lations, the nature of ‘their. geiie’ pool has
been developing over & far lohger period..
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Viriation if numibérs of individual squiriels.
and total mumbersqof alleles (pooled over
Jour DNA segments) in-a subser of popula-
tions, from two farests over. 3 vears—onefor-
est with higher quality habifar (Legacy) and
one with lower quality’ habitai (Tiber }.4
drop in.squirrel population levels sicurred
in both, fmesr*r owing to variable-dentiry
fhmmngs in 1993 -and snbsequem predaion.
However,; both populations recovered:1o
inifial levels 3 to 4 yéars after thinnings.
suggesting the pofential for resiliency affer.
certain.hanagement aetivities.

e fuasury 1Y xm?@ﬂaﬂt'""yEL Luﬁ:ﬁﬁwmw»p
for descrlblng the genétics.of this selected
species.”

-Patch- populations within-and betweep the
Leigacy and Timber Forests ‘were. géneti-

cailysimilar even though fhey had passed

through notably different management

regimes that had different gffeets on popu-
latjon size and cle:nsnv mcludma reduc-

Hons ewing to previous cormmercial thm-

nirgs in the Timber Forest. The Legacy

“Restricted gene flow owing to gurient
and historical forest managemeit, along
with recent geologic events could ageount
for much of the difference we observed,”

‘he concludes. “Landscapes of varying

permeability arose out of disruptions of
canopy connectivity, and this difference
between the two locations suggests that
tandscape-level barriers could lead to
rapid divergence of the genetic composi-
tion of local squirrel. populations.”

WRITER’S PROFILE

tie§ were obser\red among 16 st _apu]a
tions, even though they had. different
management bistories, and both were
disturbed by the variable-density experi--
megt‘ai thinnings. -Sharp population
declifies caused by the variablesdensity

thinnings and subséquent heavy pradation’

reduced genetic varidtion by more than

‘ong third, But diversity feturned to .initial

tevels in all stands within 3 years.

Sai!} Dzmcan is .o sclence commuiications onalyst ard writer specializing-in natural resource issues, She'is cw‘remfy a Ph.D. candidate
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The study’s objectives included develop-

ing genetic “libraries™ o find and catalog
segmérits of flying squirrel microsatellite

DNA suitable for apalysis; genetically
descnbmg flying squitrel populations that

have been subjected 1o both natural and

anthmpogenlc disturbaiices; exploring

forest-level flying squirrel populations-

subjected to different disturbances. and
management strategies during the last 70
years; evaluating effects of var:abla-

densrty thinnings on’ small, stand- lew,l_:
populations of flying squirrels; and:

contrasting populations in a highly frag-
mented forest 16 those in forests with rela-
tively unbroken canopies. Ultimately, the
Study. could help build. & base of inferma-
tion for choosing among various manage-
‘meént-alternatives.

gﬁ LAND MANAGEMENT IMPL.I-C____ i

- Landscape permeability. is Key to. mamtalnmg genelic diversity in mandged
forests, Squirrel pepulations in eontinuous-canopy forests-demonstrated
restliency to. managemt:nt activities that produced: noncatastsoph:c disturbances

and mamtamed conneclmty over large farested Iandscapes

e s R L

. Landscape bamers, both anthropogemc a.nd gecgraph;c cdn lead 10 rapid. dwer-
gence of the genetic: composition of squirrel populations. Narrow eoiridors in
fragmented landscapes may not- provide adequate permeability for movement-

restn cted speczes Izke flymg squlmeis

. A fuws on land5cape—un1t tumover (stand age, mtation age Juxtapos mon} and
rate of stand development: inay be more effective than a focus on corridors id
produciog both variety and volume of wood products, as well as highly: perme-

able: landscapes. for wildlife.

SCALE QUALITY, AND CONNECTIVITY

y he spatial scale at which popula-
tons are evaluated is important in
: the mterprelatmn of vertebrate
genetics for forest mapagemert,’ Wll_so_n
hotes, ‘fh_cc_an__se effective Conservation
cannet.take place without looking at. multi-
plé scales, including both the stand of paich
sedle where ménagenient diréctly influ-
ences individials and local popufations, and
the bmader .patchy landseape " At the Tand-
scape;’ scale, degree of p_erme_ablht_} f_o__r genie
flow is crucial; in other words, how

succes_sful_!y can individuals travel across.

paiches to mate, disperse, or immigrate?

Other key factors i conserving genetic

diversity include habitat quality -and
connectivity. The-quality. of habitat avail-
able in patches doross the ia,ndscape signif-

icantly influences genetic diversity by-

controlhng the population dynamics of the

-species using.-that landscape; such factors
a8 reproductwe success and population

density; for ‘example; aré central to the

persistence: and survival of a species,
particularly after habitat disturbance.

Because conservation requices that mating,
dispersal, and immigration processes
contmue ummpeded barriers created by
open space back flying squirrels.up; ‘againgt
the wall: their promiscuity and sexual
drive certainly help, but cannot succeed
without support. Connectivity can help:

provide that support by tegulating gene’
flow. “Corridors,. closeness of patches of 2.

particular type across the landscape, and
overall landseape permeability-are the
elements of greatest importance.

FLYING SQUIRRELS AND FOREST HISTORY

Two of the forests studied are owned by

e think of -'p_e_r'rﬁe_aﬁi'e- lajndsc_‘apes as
those with g domindnce 6f patches ‘whose
boundaries. are of {ow contrast, such as

undisturbed forest next to lightly thinmed
forest: Landscapes with high permeebility

help the movement of individuals among

patches, and help maintain gené flow

Dbetween popilations,” Wilson explains,

“In landscapes where perméability is

‘inhibited or distupted by podi-quality

habitat or nonhabitat, genetic dispérsal of a
species like the ﬂymg squirrel can be
essentially ahrmnated ”

The concept of landscape- permeability, for
key wildlife species has yer to be applied:
Qlobally to-the demsmnmahmg process i
both stand- and landscape-scale forest
management, he adds, emphasizing that the
potential benefits of permeability are great.

quéntly been disturbed by management

—5~¥ he purpese of Wilson’s prelimi-
g Rary study  was 10 (evelop

hypuathesés for future testing. In’

this study, squitrel populations were evalu-
ated at both the patch. (small, stand-scale
effects) and forest scale. Three forests
‘were selected in western Washington; 17

popuiatmns of sguirrels on:32-acre patches-_

were the. focus of genetic.studies,

Each-of the three forests developed after

widespread clearcutting in the early 20th

century. This management eliminated
significant porticns of habitat for flying
sqiirrel populations for several desades,
and required recolonization subject to

e U5 Army and are suirounded-. by the
heavily urbanized south Puget Sound. But
apart from some recent clearcuttings and
land couversion, according 1o Wilson, the
surrounding. area has since rérmained refa-
tively free-of any major disturbande:

“This, a relatively. confinuous canopy

connected much of the area between and.
.around these two forests, broken occasion-

ally. by a-mosaic of sinall prairies and an

extengive nétwork. of small, unpaved roa $

which we know do. not. undulv 1nh1b1t

Alying __squ_zr_rel movement.”

OF these two. forests, one (Legacy) was

activity, Forest cover was 99 '-pfcr:cent;
Douglas-fir, with sparse understory of
mosses and shribs, and widely scattered.
old-growth legacies. The other forest
{Timber) ‘was-clearcut 70 vears: 2go and
. “subsequently disturbed by twe Jight
commércidl thinnings. Doug]as Frﬁ:over.
was 93 percent; understory was heavy with
salal and ferns. No old-growth legacies
rerained.

In addition 14 these manageme‘nt ‘histeries,
variable-density thmnmgs were imple-
mented on half thé patches (four of eight)
in each forest to evaluate the short-term

lacal.conditipns

clearcut 6¢ years ago 4and .has not subse-

PO \)1 “‘J’“‘b :\1\.{.111:.‘15 I.L:l' uucum:u1—

ate-seale disturbance,
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“It appears from our findings that squirrel
popuiations in ¢ontipuous forest demon-
strated-resiliency 1o management activitiss
that produce noneatagirophic disturhances

and mainfain connectivity over large

forested landscapes,” Wilson savs. Key to
this was the availability of nondisturbed
adjacent forest for recelonization to oceur.

NEW GENES OR LOST GENES?

nalysis.of the genetic conposition i
the heavily managed Isolated. Forest
- suggested that the present flying
sqmrrel populalion was mating randomly,
but.evidence of high inbreeding and lowered
‘geriélic variety indicated ‘4 recent penetic
bottiengck had oceurred.
“Breeding suctess, predation, and environ-
‘mental factors are al} critical in. shaping
sinall- populatichs—=&ven & singlé bottleneck
Gan: resuli. i a seriois. 16ss of génetic varia-
tion, especially-if resolonization opportuni-
ties. aré restricted, as by donitinuois clearcut
Larvests.”” The highly fragmentéd landscape
may-have restricted opportunities' for inter-
breeding .outside the pateh; thus reducing
genie flow, keeping pateh population small,.
and iricreasing inbreeding,

“There’s always the possibility that small_
isolated populations niay give rise fo. & new

gene Yanathn. that enhances survival in.

fragménied. forests;” Wilson niotes. “But the
mére important point it this whole story is
that mutations are ‘extrémely rare Conly
show up about once every 10,008 genéra-
tions' for microsatellite DNA), whc'_;.egs-_'we
can. lose genes many many times Faster than.
that,”

Life<history adaptations contribute to
__.re51l1ency of the flying ‘;qmrrel popuianons

Notorily do both sexes seek multiple mates;.
“but males will travel great lengihs to find
w1111ng females, and fhus genetie contribu-
-tions.io each littér are ofien piade from’ more

thari rwo paients. Thege matmg behiaviors:

can promote high gene flow even for low-
density populations, Wilson says. “This
suggests o us that epvironment may have a

greater influence on gene flow and genetic

structure of populations than behavior or
physiglogy.”

1t-appears 1o.researchers that had the Legacy
and Timber Forest squirre] populations been

cut off from other forested areas, such a§ by

clegreuts, the 1ass of .genetic.diversity would
havé been a3 high as one third. Thus, they
donctuded that S40-acre patches of forestéd
habitat. appear too small for Io_wéde_n_sit_y-'”

pbgula‘dons to-prevent genetic. loss if the.area

is hot. connected:to undisturbed surrounding

forest for:several years after thinning takes
place.

So what are the preliminary management

implications?-

“First of 4ll, we suggest caution in propos-

ing any single approach to resolve issues:

surrounding the conservatmn of genetic
diversity in Torest ecosystes, g Wllson 84Ys,
“We know that commectivity is-important,

but extrémely narfow sirips mayhot provide.

suitable ‘Cotinectivity for species like flying
squirrels, and could lead to restrluted gene
flow, or even predator traps.”

A workable alternative might be manage-

niént of landscapé-unit turnover--ihai is,

mor¢ consideration of perméability through
pat¢h age, rotation age, harvest patiern, and
rate of patch development—to ensure

adequate gene. .ﬂqw for flying squirrels’ a__nd

organisms with similarly restricted mobility.
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An ex.-:ampk of rhe genenc ariation presént
in flving squirrel populations that resided in
forests with different management histories.
Edcit bar Feprisénis the proporiion of the
total population within each Jorest that.car-
vies alleles {alrefnative forms of a gene} for
a. speuf ic segment of DNA evaluatéd during
the study. For this segment, the Isolared
Forest had only one allele present in the
‘population; eviderice of a genétic boitlencck
in the. recent past: the Legdey and Tiwber
Forests had more diversity, with up 16 six
tlleles present within thelr populations.

Longes rotations with retention of biologzcal
Iegames and b;ocomplextty alsc appear to;

t_:dgcs‘

Research’into the complexities of genetic
slrucmre w:ll contifige 1o help clar{fy !he
.a,_un_servatw_n @fforts_. Key qu_:E‘.SE!OI’_}S. sl
require intensive field iestifg:: What:are the
differenices in geretic diversify between
extensive-and isolated old-growth foresis?
Do’ h1g11ly fragmented, repeatedly harvested
forests provide the same genetic leErSIty as
extenisive contighous second-growih

53~ 1688
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Firther development of microsateliite DNA
libraries, while extremiely timé- consummo_
appear to offer strong promise for addressing
stuch guestions; .and alse may allow
researchirs to pirsue inforrhation. on Kinship
relationiships among populations:
“We-suggest cantion in
proposing any single appmadu
o resolver issues yurvotund
the: conservation of g@ne:(:po
diversity ivv fovest ecoyy g™
Todd Wilson
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