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lnfluence of DouglasJir Seedling Height on Browsing
by Black-Tailed Deer

Damage by black-tailed deet (Oclocoileus hemiantu columbiarzar) to Douglas_fir
(Prcuclottaga nzenziesii) varies chiefly in response ro rhe ffee,s acceptability a.nd
availability as a browse plant. Reducing palatability of seedlings and saplings by
any reasonable means, therefore- may effectively moderate damage. Treating seedlings
with chemicals, ooe roure to this end, remains ineffective for controlling damage by
deer in forest plantations. Other avemres. such as exploiting inherent qualities of
Douglas-fir seedlings themselves, merit detailed snrdy. Naturally occuring variations
within rhe species may include palatabiliq, differences that aifect use by deer or
other animals in the field.

To discover if Douglas-fir seedlings ftom widely separated proverances mlghr
evoke varying feeding responses in deer under controlled conditions, an exploratory
trial was made during rhe winter of 1965-66 wjth planting stock from fiue ,".d
sources rn western li7ashington. Preliminary results revealed rhat feediog preference
differed markedly among the races rested. Further testing and analysis showecl tlut
preferences were strorgly linked to small variations in seedling height_independent
of seed origin.

Pen Trials
Testing followed general procedures described by others (Hildreth and Brown, 1!55;
Cardinell and Hayrc. 1)47 1 for assessing repellency of candidate chemical compounds
to various lagomorphs chiefly Lepus (.harcs) ard Syloilagas (rabbits). Design, Iay-
out, and analysis closely followed methods ourlired by Dodge et al. (19ij) fot
testing repellelrs againsr black-tailed deer and snowshoe herc (.L. americanus). The
U.S. Bureau of Sport Fisheries and rVildtife cooperated in making facilities maintained
at Olympia, \(/ashington, available for preference tesrs with nntreated seedlings.

Untreated 2,0 Douglas-fir seedlings were exposed to voluntary fe€ding by black_
tailed deer in two separate trials. The first tesr comlmred stock from five geographical
races grown ar \Tashingron's L. T. ',Mike,' 

N(ebster State Forest Nursery near Olympia.
The second tesr compared stock segregated into height groups from one of the above
races. Seedlings were hoe-planted to root-collar depth in a grassy, central part of a
2.5-acre enclosure.

Deer moved freely within rhe enclosure, and at all times had access ro cove!, a
maintenance diet, aad some natural forage. Five animals (one buck, three does, and
one fawn), randomly chosen from a herd of 22. were used to resr raciar effects: seven
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animals (two bucks, three does. and rwo fawns ) were later used to test height effects-

The race trial began in late November 1965 and was concluded in 23 days The

height trial ran for 20 days begimring in mid-February 1p66

The same randomized block design wes common to both tests, and included five

ueatmerts replicated in 10 blocks. Treatments wirhin blocks consisted of 10 seedlings

each-5O seedlings per block, or )00 seedlings per complete test Seedlings were

raldomized within blocks to avoid bias from "row feeding." Spaciog was 3 by 3

feet vrithin blocks-each block arranged in {ive l0-seedling rows'

\7hile exposed to deer, seedlings were checked daily, and the day of earliest

L,rowsing was noted for each seedling. RePeated brovrsing on the same seedlings was

neither recorded oor evaluated. Examinations continued trntil 95 Percent or more

of all seedlings had been brorvsed
Analysis of variance, supplemeoted by the Q method ( Snedecor aod Cochran,

1967 ) for comparing individual tre,rtment rleansJ was the basic statistical tool em'

ployed. Two measures of relative preference wele used: (1) prceot browsiog

( cumulative) as determined for each day of exPosure, and (2) mean exPosllle jn

days required for all (95* percent) seedlings to be bro$rsed Percentages were

analyzed both in the raw foln and as ransformed to angles by arc sine Sioce

transformed and untraruformed percentages gave similar results, only raw Pelcentages
aie given.

Race Tett

Seedlings selected for trial represented seed sources from a ctoss s€ction of locatioos

and elevations io western S7ashington Racial designations were "Kelso," "Belfair,"

"Eldon." "Lewis," and "Glerwood" (Table 1). Nursery beds from which represen-

TABLE 1. Race Tesl. Statistrcai desctiption of Douglas fir seedlings before exposure to browsiog

by black+ailed deer (100 seedlings per race)

Soulce Mean height

at plaflting

Significant height
Sampling error differences

( p  :  0 . 0 5 )  1 n  1  0 0 5 ) 1

Kelso
Bel{air
Eldon
Lewis
Glenwood

22.6
21..4
18.6
16.1
11 .1

= , 1

800
400

1,000
1,000
2,500

B
c
D

l Means not iollowed bv a common Ietter differ significantlv based on 10 replicates of 10

seedlings each.

tative stock was laken were similar and had received rhe same regime ot nulsely

culture. All stock was sorted and culled in accord with commercial Practice

Seedling size, as observed before testing, generally decreased with increasing ele

vation of seed origin. Since size mighr influence feeding preference, planted heights

of all seedlings were fecorded to the leafest ceotimetel. Minimal size variation

within races, evidenced by relatively low sampling errors for planted heighr, suggested

that mean heights benveen some laces might differ sigoificantly. Analysis showed
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thar only Kelso and Belfair stock, io fact, failed ro differ significantly ftonl one
another (Table 1), However. the effect of height variation on prefetence was not
cleady aplmrent unril bfowsing was complete and data were analyzed.

Heigbt Ten

Effects of seedling height were also rested independently with Eldon stock. Seedlings
'were sorted into five height groups (100 seedlings each ) with mean plaotirig heights
ranging from 1O.5 to 22.5 c€ntimeters ( Table 2).

TABLE 2. Height Tert. Statistical description oI Douglas-Iir seedlings before exposure to

brcwsing by black-tailed deer (E1don race, 1oo-seedlings per height group).

Heisht
gfoup

Mean height
at planting

Sampling error
( p : 0 . 0 5 )

Sisoiiicant height

differences
(p  <  0 .0 t )  1

I
II

TI
IV

22.5

19.9

16.1

10 .  t r t

B

c
D
E

l Means not followcd by a common letter differ signi{icantly based on 10 replicates of 10 seed-

Resulis

Deer discriminated between seedlings from the very start. Preferential browsing

was significant by the first day in the race test; by the second day in the height test

(Figs. 1 xrd 2). The preference orders established early were generally maintained

vrith minor variatioos throughout each trial.

Rdce Tert

Seedlings from lower elevation races (Kelso and Belfair) srele clearly prelerred over

the highest elevation race tested (Glenwood), and the difference was accenruated within

the first week (Fig. 1). Maxirnum separation of meaos occurred by the 12th day
-90 and 8! percent vs. 39 percent, respectively. Thereafter, differences decreased

as the less preferred seedlings were eventually brovrsed. Conclusion of the race test

permitted a more concise uealmeflt comparison thiorgh analysis of mean exposuie

time tequired for all seedliogs within a race to be browsed:

Race

Mean seedling
heisht

Mean exposure
befote btowsing

KeIso

Belfair

Eldon

I€wis

Glenwood

( Centimeters )

22.6

21.4

18.6

16.1

13 .1

( Davs )

7 .4  (A)

7.1 (.4)

9 .3  (4 ,  B)
10.8 (B)
14.1  (C)
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Fiaure 1.  Broivs ine preference by bla(k-ra i led deer lor  DouSlas_t i r  seedl ing '  f rom f ive wesrern
---  -  

V". f t i " i t " r  racei .  (Di f ierences exceeding bar length '  are r igni f i 'anr  at  p < 005 )

Glenwood seedlings required neady twice as much time m be browsed as Kelso and

Belfair seedlings ( days not followed by a common letter signi{icantly diffet at P < 0 05 ) '

The obviorx correlation between seedling height and preference by deer, as

measured by msan exposule before browsing, is highly significant (r - -0792 with

4s df) and suggests that most of the appareot preference for certain races might

be caused by the greater attlactiveness of tallet seedliogs. Adjustment by cwariance

aoalysis of meao exPosure times to an average seedling height for all laces (184 cm)

shows that height, indeed, had a powerful impact:

lo 12 t4  16 18 20 22 24

Mean exposure before browsing
adjusted to mean heiSht

Iewis

EIdotr

Belfair

Kelso

Glenwood

( Days)

9.0
9.6

r0.0
10.3
10.4

None of the differences between adjusted rneats was significant'
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Figure 2. Browsirg preference by black-niled deer for Douglas-tir seedlings from one westero'Washingron 
rdce rEldon) segregared- inro five heig]tt groups. r Dilierences exceeding

bar len$hs are s jgni f icanr ar  p < 0.05.)

Heisb Tea
The height test with Eldon stock (Fig. 2) corrobomted the independent effect of
height variation oo deer preference within the l2-centimeter range between group
means:

Height
group

Mean seedling
height

Mean exposure
before browsing

I

II

III

IV

( Crntimeters )

22 .5
19.9
16.1
1.3.3
10.5

(Days)

5.2 (A)
5.2 (A)
6.6 (A)

9 .1  (B)
10.8 (C)

. . . ' '
' 

/ ll6.t cmj
..-1- _i
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Again, seedlings in the two tallest grouPs vrere browsed rwice as readily as those in

,h"" ,tror,"* g"ro.rp (days not followed by a common letrer significantly differ at

p  <  0 .05 ) .

Discussion and Conclusions

Despite failure of the race uial to show clear feeding preferences by deer for seedlings

fro- diffar"nt proveruncesJ the testing methods used appear suitable for further snrdy

of animal preference among ffee seedlings of the same sPecies Sjnce test animals

musr discr;ir're seedling by seedling in selecdng or rejecting different genotyPes'

the tikelihood of tesults having applicability under field conditions is enlnnced' Also'

simultaneous use of several deer in testing sefves to smooth out varying feeding

responses berween individual animals to provide a more repre<entxti\e result Further'

the prece.ling demonstmtion of significant preferences between seedlings differing

by less than 3 cm in height attests to the adequacy of the design

In pen tests of short duration, tie measute of pteference through meal time of

""1-rot'. bafot" browsing seems at leist equally suited to aoalysis and interpretation

*-bro*ri.rg intensity in percent. It better reflects mean pteferences shown throughout

the entire 
"exposure' 

period. Sitt." every seedling provides a measured value (time)'

rather than a binomial occutfeoce ( browsed or unL,rowsed), data transformation is

rulnecessary. Also, the point of peak sensitivity for analysis canqot be accidenally

bypassed." 
Ascdbing demonstra ed preferences solely to height is probably an oversimplifi-

cation. ThJ close correlation berween so.rce-telated seedling heights and preferences

shown does not preclude the possibility that qualitative variations also affected deer

trowsing. Similady, even the independent height test with Eldon stock may have

masked 
"qualitative, 

height-correlated differences-ie, the raller, faster-grown seedlings

-uy hurre been more palatable as well as more conveniently available The case is

convincing, however, that height at plantiog functions independently as a determinaot

of feeding preference by deer among seedlings less than 25 cm tall

Precatrcions to minimize eff.<rs of heighr variation scem mendarory in pen rcsting

seedlings for susceptibility to deer browsing Though height variation may be ac-

.ooor"J fo, statistically, the use of similar-sized seedlings would seen.r simpler and

surer. Io short-term Pen tests this may be accomplished by deeper plaoting of tall

seedlings to approximate the heighrs of shortest seedliogs being tested'

The same Pre€autions would a1ryly to assessing field comparisons of ptantiog stock

classes that diJfered in sizc. Recent field work by the author ( Dimock, 1970) has

shovrn that 12-ye.u-old Douglas-fit saplings growiog in dense western brtrckerL (Pteri'

d,ium aquilinum 'tar. pabescins) were browsed less frequently as their heights decreased

below 4 feet. Field tests of qualitative preference by deer for seedlings of different

origin or pretreatmen! should probably be short rerm Otherwise, differences in

gro,wth rates might well make tesults uninterpretable'
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