'{REGIONAL VARiATION IN THE NUTRITIONAL
. ECOLOGY OF RUFFED GROUSE

by

Frederick‘A._Servello

- Dissertation submitted to the Faculty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of

DOCTOR OF'PHILOSOPHY
in

Fisheries and Wildlife Sciences

APPRCVED:
R. %.'kirkpafﬁiCRJTChairﬁan’
) /
P. F. Scanlon M.‘R.,VaUghan Y
C/ " J. D. Fraser / K. E. Webb, Jh.—
. [ /

August, 19385
Blacksburg, Virginia



'RECIONAL~VARIATION.1N THE_NUTRITIONAL‘
ECOLOGY OF RUFFED GROUSE ! '
. by
Frederick A. Servéllo

Committee Chairman: Roy L. Kirkpatrick
Department of Fisheries and Wildlife Sciences

(ABSTRACT)

Three?éxperiments with captive ruffed grouse (Eogagg.'

vumbellus)'démonstrated that'dietary»metabolizable energy

(ME) can be prédicted from neutral detergenﬁ solubles,,tdtél

phenols, and»perceht acorns. of grouse diets. The weight of

the fat attached to the gizzard was highly correlated with

percent cartasswfat in 82 grouse and was,judged a useful

| index of body condition.

Crop contents of 1005 grouse”¢bllected during fall and

winter 1981-84 in Maihe, New York, Wisgonsin,’Washingtqn,~'

Virginia, West Virginia,blndiana,vohio, North.Carolina, and

Georgia were used to make regional comparisons of food:

“habits‘ahd‘diet'quality.v’The ME of crop contents was

predicted from chemicaleOmpoSition.' Evergreen leaves of

woody plants were the most common late winter forages of
grouse in southeastern states, whereas buds,ftwigs, and

catkins were the most common late fall andfwinter forages in



‘diets of grouse in northern stétes. Winter diets in thé
Southeast tended to have higher ieVels of predicted ME than
diets in the North; hdwéver, SOutheastern_diets tended to
héve higher levels of total phenols and lowérvlevels'Qf |
protein than typical northerh diets. Evergreen leaf forages
had higher levéls of tannin phenqls than buds, twigs, and
catkins. _Dietafy ME’appeared adequate in both the North and
the Southeaét, but low‘levelsvof protein and high levels of
tannins may result in poorer quality winter'dietS'along the
southeastern edge ofvthé range of the ruffed‘grouse.

Acprﬁs comprised 63% of the crop contents of 22 grouse
. collected in Virginia in March and April 1982, fhe spring 
fqllowing a yvear of high écorn producti¢n. Leaves.and |
" £flowers of herbaceous forbs were the primary forages of 41
grouse collected in spring 1983 and 1934. Body fat levels
were greater‘foflfém@leé‘thaﬁ méieé and declined from March
>to April. Fat declines appearedﬂtd be related'tb breeding
activities.
- ‘Evergreen léaVés were the mdst’ébdndahtvforages
availabie tp-gfousé in late winter on a study site in
southwestern Virginia.; Biémass of_high quality herbéceous v
leaves was insufficient to ﬁeet estimated enefgy _
requirements of grouse in late wihter,‘indicating a need for

a dietary shift to low quality evergreen leaves.
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INTRODUCTION

The,southeastern‘edge of the'range“ofuthe"ruffed grouse
eXtendsralono.the7Appalaohian Mountains‘into Georgia, Northi
nCarolina,‘Virginia)'and'Tennessee" Grouse are not as N
. abundant in thls reglon as in the northern U.sS. and'Canada
(Bump et al 1947) ' Ruffed grouse ecology 1n the southern3v'
Appalachlan Mountalns has not been exten51vely studled “
_Other than‘food habits studles, he few studies done in the*
:.Southeast have'been‘on\spring‘and;summer habitat use (Harris
’1981,5Hale et al.*lsszl; fall and_winterhhabitatﬁuse and_’
vbsurvivalvof érouse.transblanted'from‘Wisoonsin to.Tennessee
F(Whlte and D1mm1ck l978 Gudlln and Dlmmlck 1984), and :
seasonal cnanges in body condltlon and dlet quallty (Norman
and Klrkpatrlck 1984) Also, Weber and Barick (1963)
reported on- eleven years of census data in North Carollna

Factors that nay be respon51ble for the lower
populatlon den51t1es of grouse in the Southeast have not ,'
gbeenbldentlfled although low recrultment in southern states
has been notedkaav1s et al. 1973; Harr1s11981:109) and may
be a contributing fattor; Fall and winter food habitszofvh
Jruffednérouse'in;‘he Southeast haVe reCGived considerable‘
‘studv (see rev1ew 1n Chapter 3) and are known to dlffer .Vd
Lnarkedly from the food hablts of grouse from northern

reglons. Grouse,ln_northern‘areas feed pr;mar;ly on buds,



»twigs, and catkins‘of trees in winter, whereas grouse ln‘the
'Southeast feed primarily on leaves of shrubs;‘vines, and
“herbaceous plants, ;lhe nutritional signiflcance of this
' regional‘difference‘in‘food hahits is unkn0wn because little
is known about the nutrltlonal quallty of these forages
Reglonal dlfferences in food hablts llkely occur during

-the sprlng season also. 'Gulllon (1970) stated that the
avallablllty of stamlnate flower buds of quaklng aspen
'(Populus tremu101des) and blgtooth aspen. (Populus
'grandldentata).largely determ;nes the‘dlstrlbutlon*ofr
” breeding grouse.in Minnesota The food hablts of‘ruffed
grouse ‘in the Southeast during the breedlng season are not
| well documented but aspen is relatlvely uncommon in the
southern Appalachlans. Food hablts data for nine grouse
collected in April in'Virginia (Norman and Kirkpatrick 1984)
are the only‘published‘information for”the‘Southeast."These
grouse primarily fed on'leaves of woody and herbaceous
plants. More,detailed study of the food habits of grouse in
the spring‘seaSOn is needed. T |

| Lower population levels of grouse in the Southeast may
‘be related to reglonal dlfferences in food hablts, diet
quality and/or food abundance. The present study was
undertaken to gain a‘better understanding of the nutritional

ecology of ruffed grouse in the Southeast‘during.the fall,



winter, and spring seasons and to compare the nutritional

quality of diets of the'ruffed grouse from southeastern and

northern parts of its range. The development of techniques
for measuring body condition and dietary metabolizable
energy of ruffed grouse was a major part of the study.

Specific objectives of the study were |

1. to develop an equation for predicting the metabolizable
energy in forages of ruffed grouse from forage chemical
composition,

2. to evaluate wing fat and gizzard fat as indices of
carcass fat in ruffed grouse,

- 3. to determine the relationships between food habits and
-the metabolizable energy, crude protein, and total
phenols in the diet of ruffed grouse,

4. to determine the regional variation in the metabolizabie
energy, crude protein, and total phenol levels‘of the
fall and winter diets of ruffed grouse,

5. to determine levels of tannin phenols in selected winter

forages of ruffed grouse,

()}

to determine the interrelationships»among food habits,
diet quality, and carcass fat levels of ruffed grouSe
during the early part of the breeding season in

southwestern Virginia, and



7. to measure forage and cover avallablllty and habltat usef\
in fall and w1nter for a ruffed grouse populatlon 1n

.‘southwestern Vlrglnla
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CHAPTER 1

PREDICTING THE METABOLIZABLE ENERGY IN THE DIET OF QUFFED
GROUSE FROM VAN SOEST AND TOTAL PHENOL ANALYSES

Ruffed grouse food'habits are well documented {Brown.
© 1946, Buﬁp.et,al. 1947, Korschgen 1966, Phillips 1967,
Svoboda and Guliion‘1972,fwoehr and-Chambers 1975, Smith
'1977,>S£afford and Dimmick.L979, Seehorn et al. 1981), but
‘the re;ationships betweenvfood habits and diet quality are
still largely unknown. Progress has been slow because of
the lackvof‘accurate, efficient, and tested methods'for
measurlng the metabolizable energy (ME) in the natural diet
bof ruffed grouse. Studying all forages 1nd1v1dually in
conventional metabolism trials is impraetical because of the
,varled diet of grouse. Infaddition,'one-time measurements"
of forage quality from metabollsm trlals would not account.
for variation 1n quallty among seasons, years, or locatlons.
o Predlctlng the metabolﬂrable energy of forages of
ruffed grouse from forage chemlcal eomp051tlon is a o
prom;51ng alternatlve. Large numbers of forages could be
‘studied much more effioientlyiusino_this_methodﬁ» Also, Crop,
dontents could be chemicaily‘analyzed to study the ME ofnthe
~diet of grouse, whioh eliminates the bias befween

hand-picked forages and forages selected by wild birds.



Thevven Soest method of forage chemiqai analysis
(Goering and Van Soest'i9705 has proven to be.reiiable‘fore
predicting'forage digestion in ruminant and monogastric
species (Van Soest 1967, Mouid and Robbins 1982, Servello‘et
al. l983,_MacPherson‘et al. 1985). The’objectiﬁe Qf the
*pfesent study was to determine the relationship between
forage chemical‘com?osition as measufed by the Van‘Soest
method and forage ME for ruffedigrouse and to develop a
predictive‘equetion for estimeting ME based upon this
relationship.

-High le&els of phenolic compounds in forages may
complicate ﬁrediction‘of forage digestion when using the Van
Soest analysis (Mouid and,Robbiﬁs;lQSla, 1982). ‘Depending
on their size and structure,'phenels, which’include the more
commonly knownltannins,imay interfere with digestive enzymes
and nutrient abserptien proceseee andireduce'protein
: digestibility by forming strong complexes with plant
proteins (McLeod 1974, Mould and Robbins 1981b). Simple
phenols and portions.of hydrolyéable tannins may be absorbed
throﬁgh.the gut wall. However, the absorbed phenols require
detoxification and can cause liver and kidney disorders |
(McLeod 1974). In general, phenols have a negative effect
on‘ferage’quality and digestion. 'Howeter,»in the Van Soest‘

analysis, phenols are extracted as part of the theoretically



highly digestible.neutrél'detergent soluble.fraction.’
Thérefore;,the influence of phenolic compounds onvprediction
of forage ME ih ruffed grouse also was defermined.

Sﬁbrage and drying‘treatments can infiuence measured
chemical constituents of forages; especially highly reéctive
phenols (Mould and Robbins‘IQBiaj.v The effects of‘a»number
.of commonly used stbrage and drying treatments on prediction

- of forage ME also were examined in the present stﬁdy.

METHODS
Experiment 1. Initial Metabolism Trials

The ME (%) in 14 diets fed to captive ruffed grouse was
determined in metabolism trials by the total collection
method. Six male and fwo-female ruffed grouse, 2-4 years
old, were used in these trials. . All birds were raised from<‘
eggs collected from wild grouse in Virginia or West
Virginia. Grouse were kept in'outdoor enclosures and
maintained on a high fiber diet (31¥% neutral detergent
fiber) consisting of a 50:50 mix of Purina Gamebird Chow and
‘Purina Horse Chow-100 for at least 3 months prior to the
trials.

Mixed diets composed of commercial feeds and~natural
fqrages were used in metabolism trials beéause of
difficuities encountered in feeding‘singie forage diets.

Six diets fed in fall trials (20 Sep-20 Nov 1982) consisted



of mixtures of 587»of either gamebird cnow or horse chow:and‘
‘40/ of one of six dried- ‘and ground (2mm) natural forages of
ruffed grouse: cinquefoil (Potentllla spp ) leaves, d
- strawberry (Fragarla spp ) leaves, autumn ollve (Elaeagnuse
ellata) fruit, quaklng aspen (Eopulu tremulo;des) | |
leaves, grape (y;§;§ Spp. ) frult or black chokeberry (Bx_g_
‘umelanocarpa) frult.. Gameblrd_chow.and horse chow_also were
fed as two additional‘diets ”fAll diets’Contalned;Z% cornfbi-
0il to 1mprove palatablllty : | | |
Six dlets fed durlng w1nter trlals (10 Jan-lz Mar 1982) |
,con31sted of 48y of elther gameblrd chow or horse chow and. '
FSO/ of 1 of 6 dried and ground (2mm) winter forages:
‘_quaklng aspen flower buds, yellow blrch (ge;ula
alle ghanlen51 ) buds, mountaln laurel (Kalmla la;;fgl;a)
.leaves, apple (Malus spp ) buds, Chrlstmas fern (zglxgzgghgg

i1ac ostlch01c1es) fronds, and black oak (Quercus~yelut1na)
:frult Gameblrd and horse chow agaln were fed as addltlonal
dlets, and all. dlets contalned 2/ corn 011 Strawberry
:‘leaves, aspen buds, chokeberry frult ,and blrch buds all -
‘were col‘ected in New York ‘ Allgobher forages were
,collected in Vlrglnla ALl forages were ovenedried (50 cy-
prior to. grlndlng excebt for leaves or lronds of c1nquef01l ,
,strawberry, laurel Chrlstmas fern, and aspen, wnlcn were

~air-dried for S‘days.



The metabolism triels for the eight diets fed during
each of the fall and winter experiments were COnductedsin
l two 4x4 Latin square des1gns with each Latln square. hav1ng
four diets, four grouse, and four time perlods Each
metabolism trial eonsisted of a G-day acclimation peried'and
a 4-day collection period. The test dlet'was-fed aslsd% of
the diet for the fifst 3.days_of the acclimation period and
as 100% of ﬁhe dietsfof'the.second 3 days. Uneaten food and
feces were‘collected daily during‘the 4-day collecfion
: perlod drled at 55 C for 48 hours, ‘and weighed. There were
- 7 days between trlals
’ Percentages of neuﬁral deﬁergent solubles (NDS), acid
~detergent solubles (ADS), lignin, cellulose, and cutin
. levels in the diets’were measured by the methods of‘Coering
and Van Soest (1970) as. described by Servello‘et al. (1983)
Cellulose was determlned by the 72% sulfurlc ac1d method
‘after llgnln determination w1th potass1um permanganate.
Cutln was then determlned by ashlng the residue at 500 C forb
-3 hours. Sodium sulfite was not used in the determlnatlon
of neutral detergent solubles as‘recommended by Mould and
vﬁobbins (1981a). Acid‘detergent solubles is defined asmthe
- dry matter of_ﬁhe‘sample'soluble'ln sequentlal treatments
»with-neut;al detergent and ac1d detergent solutlons

]Pefcent'total'phenols in the dlets was measured_
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‘ycqlorimetricelly {Singleton end Rossi 1965) ‘after a 3-dey

~ extraction ih'acetone/water (70:30), using a gallie'acid'
‘:standardf‘ Gross energy in diets and feces Was determined
_with'a Parr adiabatie bomb calorimeter. |

Slmple, multlple, and stepw1se regression procedures of :
"SAS {Ray et al. 1982) were used to determine the’
relationships_between the,chemlcal comp051tlon of,therdieﬁs

and diet ME.'

Experlment 2. Valldatlon Metabollsm Trlals
Elght dlets were fed to ruffed grouse in metabolism

trials conducted in fall 1983 to test predlctlon equatloﬁs-
vde&eloped ih Experiment 1. Each diet was composed of 2-3
forages of ruffed greuse. Based on preliminary chemical
'vana;yses of forages, diets were‘fofmulated to -cover a wide
fange,of NDS and total phenol levels and still have an
acceptable palatabiliﬁy (specific eompositioﬁ of diets is
_fpresented in Teble 1.3). Forages used included leeves of
,elover (Trifolium spp.), dandelion: (Taraxacum officinale);
mountain leurel;'greenbfier kSmilax spp.), Japanese
_heneysuckleb(Lon;cera“egoniee), strawberry, and cinquefoil,
..fruite:of hawthorne (Qraﬁaecus spp.), autumn olive, sweet |
‘chefry (Erundg gz;gm), grape,;staghorn sumac (Bhgg typhina),
and corn, and fronds of\Christmas‘fern. Seeds were removed

from sweet cherry end only'the fleshy pertipn was used.

R
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- Forages were either air-dried, oven-dried, or freeze-dried
and ground to pass a 2mm screen. All diets were
-supplemented with a poultry vitamin-mineral mix (Diamond
Shamrock, Nopcosol R-3) at the manufacturer's recommended
‘rate, and 2% corn oil was added to improve palatability.

Six adult male grouse used ianXperiment 1l and 12
juvenile ruffed grouse (7 males, 5 females) raised from eggs
" collected from nests,in Virginia were used in these
metabolism trials. Juveniles were maintained for 6 weeks
prior to the trials on the high fiber maintenance diét fed
routinely to adults. Metabolism trials were cohdﬁcted as in
' Experiment 1 exéept there was only a 3-day collectidn
‘period. Triéls were conducted in a randomized block design.
Diets were chemically analyzed as in Experiment l.b Observéd
ME wvalues (frém metabolism trials) and predicted ME values
(from equations) of the eight diets were compared. Data
from Experiments 1 and 2 were tested for differences in
‘, regression coefficients using dummy variable regréssionv

techniques (Neter and Wasserman 1974).

'Experiment 3. Acorn Metabolism Trials

Prediction of the ME of diets containing acorns was
studied inAthis experiment which was conducted in late fall,
1983,--Nine diets were formuléted, each composed of a basal

~diet mixed with acorn meat from one of three species of
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'oaks:'_red oak (Quercus rubra), white oak (Quercus albg),'
“and chestnut oak (Quercus‘prinu s). ‘Acorn meat of each
‘spec1es was substituted for the basal dlet at levels of 70,
50, and 304 1n the dlets. The basal d;et was the
maintenance diet described'in Expefimentnl and'also was fed»
as one diet. All dietsicontained 2% added cornvoil Acorn,
meat was oven-dried (50‘C),~groundv(2mm); and supplementedv
w1th the v1tam1n-m1neral mix used in Experlment 2 prlor to
m1x1ng into dlets. The;ME of the diets for grouse was
determined.in metabolism trials as'in EXperiment 2. Diets.
were chemiCally analyzed:as described in Experiment 1. 1In
diaddition, the percent ether-extractr(estimate'of,fat_
content) of each diet was measured with a Soxhlet apparatus.
Observed ME values of the dlets for grouse (based on
imetabollsm trlals) and predlcted ME values using equatlons

developed in Experlment l and 2 were compared

]Effect of Forage‘Treatment on ME Prediction
| The effects of various methods of storage and drying on
measured chenmical composition of forages and prediCtion of
- ME fon grouse‘we;e»studied. Fresh-collected mountain laurel
leaves, Christmas.fetn fronds,"JapanesedhoneysuCkle leaves;
.ac1nquef01l leaves, and strawberry leaves collected in
5»February and/or May were spllt 1nto uniform lots and elther

'oven-drled (30 C for 48 hours), freezefdrled (3 days), air=
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dried (20-24 C for 5 daYS), of'frozen (2 days);' Frozen
samples were removed from the freezer and kept at room
temperature'for's hours. Samples thawéd within 30 minutes.
After 8 hours, one-hal£ of each»previously,frozenfsample waé
freeze-dried (3 days) of'oveh?dried (SOIC,'48‘h6urs). |
- Forages in eéch treatmenfvwere anaiyzed for leveis of NDS:

and total phenols.

RESULTS AND DISCUSSION
Expefiment 1. _Initiéi Metabolism Trials

The ME of the 14 diets varied from 32.2 to 69.4% (Téble
1.1). Diet ME and chemical COmpOSition varied éufficiently
to examinebtheit relationships using linear regression.
rocédurés. . Fall énd winter ME.values for each of the two
;commercial'feeds were simiiar; ﬁherefore, fall and winter
‘data for these diets weré combined; ‘Also, ;ignin and cutin
values éf the diets %reareported as a lignin+cutin fraction
(Table l;l), Values fbr‘the'one'diet‘containing acbrns were
eliminated‘from the regression analyses because the actual 
ME of the acorn diet was substantially ﬁnderpredi;ftédl (11-12
percentage units) by.all fegression equations. ‘Predictioh
‘of‘the ME of diets conﬁaihing acorns was studied in greater
detail in Experiment 3. ,

Both NDS and ADS»had’strongilinear relatiénships '

(¥=0.0001) with ME in ruffed grouse (Table 1.2). However,
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Table 1.1. Metabolizable enargy and éhemiwl composition of 1¢ diets fed to ruffed
grouse in Experiment 1. ‘

H-fern 1.

0.2

52.8

67.3

20.0

Metabolizable

- enargy (£) i Lignin+  Total

: NDsS 2 aps3  celluloss  cutin phenols
Diet! X SE N (%) $3) ) %) %)
Gamebird chow (6) 69.4 0.6 7 8l.9 92.7 4.5 2.7 0.7
Horse chow (H) - 36.5 1.6 7 45.1 61.5 26.8 14.7 1.2
G-strawbery 1. 57.3 2.0 4 80.0 89.1 5.5 5.3 5.9
G-cinquefoil 1. 56.9 1.9 & 73.3 " 83.5 7.0 9.3 2.8
G-autumn olive f.  65.3 0.9 & 75.7 84.6 5.3 9.6 0.7
H-grape f. 43.6 1.2 4 53.2 66.7- 16.0 17.2. 3.0
H-chokeberry f.  38.3 1.6 & 50.4 63.0- 19.2 17.8 1.4
H-aspen 35.0 1.8 4 53.4 65.9  17.8 - 15.9 5.5
-birch b. 42.9 1.6 3 62.8 74.2 8.6 17.5 . 4.7
G-aspen b 38.4 1.1 4 65.4 76.7 8.5 4.8 4.0
G-laurel 1. 45.6 5.0 3 = .73.8 .82.2 6.6 11.2 9.5
" H-apple b. 32.2 0.6 3 52.9 65.4 16.5 17.8 6.1
H-acorn 52.2 1.2 3 56.9  69.9 17.2 13.0 . 3.3
36.9 3 12.3 6.8

lplant pai'{ abbreviations: vf.=fruit, 1.=leaves, b.=buds..

2NDS=neutral detergent solubles.

) 3ADS=acid datergent }solub]‘.es.
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Table 1.2. Relationships between percent metabolizable
energy (ME) and percent neutral detergent solubles (NDS),
acid detergent solubles’(ADS), and total phenol levels in 13
diets fed to ruffed grouse in Experlment 1.

Independeht variables

X1 _ Xs R2 - Equation!?
NDS 0.75 ME = 0.85X; - 7.73
NDS - Phenols -~ 0.88 ME = 0.90X; - 7.14
 NDS | Phenols 0.93 ME = 0.85X; - 1.92X, - 0.18
ADS 0.79 ME = 1.03X, - 30.98
ADS - Phenols ~ 0.91 ME = 1.06X] - 29.10
ADS Phenols 0.93 ME = 1 - 1.73X, - 22.69

.01X,

1All relationships significant at P=0.0001. Single
diet containing acorns was excluded from regre551on
analyses. See text for explanatlon
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‘subtractlng phenol values from NDS and ADS values greatly
1mproved the R2 values : Theoretlcally, NDS 1s the hlghly
-.dlgestlble fractlon of feeds and forages (Van Soest 1967).
: However, phenols, whlch are extracted as NDS have little or |
‘no nutrltlonal value and can decrease the dlgestlblllty of

other NDS constltuents (McLeod 1974 Mould and Robblns

: 1981a,b, 1982). Because phenols constltuted a maJor portlon

- of the NDS of some dlets, correctlng NDS and ADS values for
levels of total phenols 1mproved the accuracy of ME |
dpredlctlon. Inclus1on of phenols as a separate varlable 1n
'a multlple regress1on equatlon sllghtly 1mproved R2 values -
over phenol -corrected NDS (NDS - P) and phenol corrected ADS
VT(ADS - P) varlables (Table 1.2). Stepw1se regression -
analy51s us1ng all varlables produced a model whlch only

1ncluded ADS - P.

'Experlment 2. Val1datlon Metabollsm Trlals ‘ |
The ME of these dlets varled from 38 4 to 75 2/ (Table

,1.3).‘ The ME, NDS, ADS “and phenol levels of the dlets’

’ varled suff1c1ent1y to test ME predlctlon equatlons from

,Experlment 1 Slope ‘and 1ntercept valueo of: equatlons (of
.the form shown in Table l 2) derlved from nxperlment 2 data
‘were not dlflerent (P>0.05) than those fromvExperlment.l.
The NDS - ?'equationjdevelopedrin;E#perinent-l had the

lowest sum of squared errors ofdprediction‘(error.of



Table 1.3. -bercent metabolizable energy, neutral detergent
solubles (NDS), acid detergent solubles (ADS), and total
‘phenols of eight diets fed to ruffed grouse in Experiment 2.

Metabolizable

, ‘ energy.
Diet : . — . _ Total
- composition!? ’ ' X SE N NDS ADS phenols

1. Cherry f. (58), 63.0 1.8 4  84.7 88.4 3.3
Clover 1. (40) ' : .

2. Corn (73), 75.2 1.6 & 86.6 94.1 1.0
Dandelion 1.  (25) : ' .

3. Hawthorn f£. (38),  38.4 1.2 3 67.5 76.2 10.0
Strawberry 1. (40), . S
Cinquefoil 1. (20) |

4. A. olive £. (28), 50.0 0.6 3 ~ 74.9 8l.4 1.8
Clover 1. (40), ' : s '
Dandelion 1. (30)

5. A. olive £. (73),  58.4 0.8 4 ~ 75.7 78.8 3.0
Honeysuckle 1. (25) - .

6. Grape f. (58),  40.8 2.9 3 - 61.6 67.9 8.1
Laurel 1. (25), ‘ o ‘
Christmas fern (15)

7. Grape 1. (58), 42.7 1.1 3 66.3 71.4 6.4
Greenbrier 1. (40) . s ' :

8. Sumac £. (50), 48.2 1.5 3  56.4 69.1 6.0

~A. olive f. (24),
Grape f. (24)

lPercent composition is in parentheses. All diets also
contain 2J corn oil by weight. Plant part abbreviations:
f.=fruits, l.=leaves. ' :
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prediction equals ohserved ME minus predicted ME)hforpthe
‘diets in Experimentqz; suggeStingtthat it was a slightly"
more'accurate‘equation. Values for sum of’sduared.errors‘of'
‘ prediction for equations based on NDS - P; NDS‘and'P,vADS ;
P, and ADS andfP‘were 270, 281, 283 ’and'342‘ respectivelY'
AThe actual and predlcted ME values were hlghly correlated |
for the NDS -'P equatlon (r—O 88, P 0 004 Flgure 1.1).
tTherefore, based on the data from these trlals, which
included 8 new . forages and 12 new grouse,vlt was concluded"
that the equatlons developed in Experlment 1 prov1ded good
prediction of ME ‘and that the NDS - P equatlon was just v
'sllghtly more accurate than the other equatlons tested The
equatlons based on NDSralso have an addltlonal practlcal
advantage in that the measurement of NDS is con31derably
vfaster and easier than ADS determlnatlon | The data from theh
,gtwo experlments were comblned and the follow1ng equatlon
produced | : | ‘
| ME = 0.87 (NDS - P) - 5.76  R2=0.85

.The‘type of phenolic compoundsSin3forages,ma?_explainr
mﬁch of the remainder of,the_variation ln,the‘relationshiph
between’NDSV— P»and ME; ‘Forfenample;_tannin‘phenols, a
constituent of total phenols, can haveba,two;fold'effect of
‘belng an 1nd1gest1ble component of" NDS aad reduc1ng the

dlgestlblllty of other NDS constltuents Addltlonal study
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is needed 1n thls area and on the effects of other non- -
fnutrltlve plant constltuents (e g ‘essentlal 01ls,-re51ns)

on forage ME '

v-Experlment 3 | Acorn.Metabollsm Tr1a1s5r7

E The acorn meat dlets varled in levels of phenols and

-l; ether extract but had relatlvely s1m11ar NDS levels (Table .
,th 4) As was found 1n the flrst two experlments,va 8
' knowledge of total phenol levels 1n the dlets clarlfles the’

'nobserved relatlonshlp between NDS levels of the dlet and

: dlet,ME. For example, both the 70/ whlte oak acorn dlet and’ ';

~’707'cheStnut oak‘acorn dlet’had~NDS'va1uesvof~784, but the
"wlower ME of the chestnut oak acorn dlet was the result of
'Elts hlgher phenol content

The observed ME values of the acorn meat dlets were'

‘5;;greater than. predlcted from the NDS - P values of the dlets

(Table l 4), whlch was con51stent w1th the observatlon for f vf

~,the d1et contalnlng black oak acorns: fed 1n Experlment 1.
The predlcted ME of the basal dlet was underestlmated by 4 3
ll percentage unlts, whlch was, cons1stent w1th data for | ‘

Vkvprev1ously fed dlets of gameblrd and horse chow The amount“

f_gof underestlmatlon of ME 1n the acorn dlets was related

lf(P“O 007 r—O 82) to the percent acorn meat of the dlets,.»
but was not related (P"O 43) ‘to the percent ether extract of'

- the dlets
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Table 1.4. Percent ether extract (EE], neutral detergent Solubles (NDS), total
phenols, predicted metabolizable energy (ME), observed ME, and difference between
observed and predicted ME values of ten diets fed to ruffed grouse in Experiment 3.

Observed
‘ ME Difference
Total Predicted ‘ {predicted

Diet (Z acorn meat) EE NDS phencls ME(ZX) x . SE n - cobserved)
Red 6ak (7¢) 18.3 84.4% 8.8 60.0 72.2 1.6 2 -12.2
Red oak (50) 14.6 79.6 6.6 57.7 68.¢4 0.7 3 -10.7
Red ocak (30) 11.3 75.9 3.9 56.9 64.0 1.v1v 3 -7.1
whita oak (70) 7.9 78.2 2.8 E9.9 76.7 0.6 3 -16.8
White cak (50) 7.5 75.6 2.0 B8.2 72.8 0.7 3 ~14.6
¥hite oék (30) 6.8 73.2 1.4 B6.7 66.0 0.4 3 - 9.3
Chestrut ocak (70) 7.7 78.3 6.0 57.1 70.2 2.0 3 -13.1
Chestrnut oak (50) 7.5 76.7 G.% 57.1 67.9 1.4 3 -10.8

Chestnut cak (30) 7.3 73.9 2.8 56.1 61.9 0.4 3 - 5.8

Basal dist (0) 6.2 68.7 0.7 53.4 57.7 0.7 3 - 4.3
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Multiple regressien analysis:wes used to develop an
equation‘fer predicting the ME of diets containing’acorns
from values of NDS - P and percent acorn meat in: the dlets;
Data for the 30 dlets in the 3 experlments (21 dlets from
Experiments 1 and 2, which did not contain acorns, plus the
9 acorn diets from Experiment'B) werefgsedein this analysis.
A small part of the underestimation of the ME of each aCofn
diet was due to the slight underprediction of the ME of the
basal diet. To remove the influence of the'basal'diet used
in Experiment 3 on the regres51on analy51s, the percentage
units of underpredlctlon contrlbuted by the basal dlet
‘(proportlon basal dlet X 4.3) in each acorn dlet was
subtracted from thevrespectlve observed'ME values of the
~acorn diets. |

Multiple regfession'analysis'produced the following
equation (P=0.0001, R2=0{92) for the predictien ofbthe ME

(%) of the diets of ruffed grouse:
- ME = 0¢87(NDS‘- P) + 0.18(% acorn meat) - 5.76
where: %'acornvmeat = percent acorn meat in the diet.
Stepwise regression analysis indicated that percent acorn

meat added significantly (P<0.0S) to the,predietibh provided

by the NDS - P equation. Predicted'ME values for 100% acorn
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meat samples reported in Chapter 3 appear to fall 1nto a
‘reasonable range, suggesting that the relationship between
ME and percent acorn meat is linear to 100y acorn meat.
When percent acorn meat equals zero, the above egquation is
identical to the prediction equation developed for diets
without acorns in Experiments 1 and 2 However, the high R?2
value of 0.92 for the multiple regreSSion equation is not
representative of the variation for both diets with acorns
and diets without acorns. The prediction equation for diets
without acorns (Experiments 1 and 2)‘had_'an»R2 value of only
©0.85. DMetabolizable eneréy oan be expressed as kcal/g of
dry matter by measuring thebgross energy-(GE)‘of the sample
and making the apbropriate calculations,
Effect of Forage Treatment on ME PrediCtion

Ireatment‘of forages prior to drying and choice of d
drying methods had a substantial effect on‘measored NDS and
total phenol levels (Tables 1.5 and 1.6). Immediate |
freeze-drying of fresh forades produced the highest NDS and
phenol values, which are.probably the’most’repreSentativeuof
the true wvalues. Values for air-dried fresh forages Were a
closer to values for fresh freeze-dryind than any of the |
‘other,treatments} however, 10wer‘NDs and/or phenol levels'
: were observed for air-dried?honeysuokle~aﬁd Christmas fern.

Oven-drying fresh forages consistently resulted in lower
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Table 1.5. Percent neutral detergent solubles (NDS), total phenols (P),
NDS - P, and metabolizable energy (ME) of mountain laurel leaves and
Christmas fern fronds collected in Virginia in February and subjected to
various storage and drying treatments. : o

Mountain laurel . '~ Christmas fern

Treatment _UNDS. P NDS - P ME NDS P  NDS'-P ME
Eresh

Freeze-dry 69.6 17.0 v52.6 - 40.0 - .63.9 13.3 50.6 38.3

(3 days) ' : ' ' :

Oven-dry 66.1 11.9 54.2 41.6  60.9 10.8 50.1 37.8

(24h 3@ 50 C) ‘ ' '

Air-dry 69.4 16.2 53.2 40.5 62.3 11.9 50.4 38.1

(5 days) : :

Frozen and thawed!

Freeze-dry 70.8 16.7 54.1 41.3 62.0 12.2 649.8 37.6

(3 days ) ' ’

Oven-dry - 65.0 11.5 53.5 40.3 55.9 8.5 67 .4 35.5°

(24h @ 50 C)

lForages were frozen for 2 days and thawed at room temperature for 8
hours prior to drying. ‘ : ’



Table 1.6. Percent neutral detergent solubles (NDS), total phenols (P), NDS - P, and metabolizable energy (ME) of selected
- forages (leaves or fronds) collected in Virginia in May and subjected to various storage and drying treatments.

Mountain ’ Japanese
laurel Strawberry : Cinquefoil _ honeysuckle - : Christmas fern
Treatment ~ NDS P NDS-P ME NDS~ P NDS-P ME NDS P NDS-P ME  NDS P NDS-P ME NDS P NDS-P ME v

Fresh

Freeze-dry 71.0 13.8 57.2 44.3 81.7 17.0 64.7 50.5 70.8 11.9 58.9 45.5 81.5 6.7 74.8 59.3 64.5 13.4 b1.1 38.7
(3 days) : ' R

Oven-dry . 61.7 10.6‘5141 38.7 79.5 17.4 62.1 48.3  70.6 12.5 58.1 44.8  78.5 4.3 74.2 58.8 53.9 9.6 44.3 32.8

¢24h 9 50 C) , = . i ,

Air—dry‘ 70.8 13.9 56.9 43.7 80.6 18.3 62.3 48.4 71.3 12.1 59.2 45.7 78.3 5.8 72.5 57.3 60.0 14.0 46.0 34.3 o
(5 days) : : o . >

Frozen and thawed!

Freeze-dry 65.1 11.3 53.8 41.0  79.0 13.6 65.4 51.1 65.5 8.5 57.0 43.8 73.3 1.1 72.2 57.1 48.0 5.5 42.5 31.2

(3 days)
Oven-dry E8.5 6.3 B2.2 39.7 77.2 10.6 66.6 52.2 59.4. 6.4753.0 40.4 68.4 1.1 67.3 52.8 38.8 2.2 36.6 26.1
(24h @ 50 C) . . : ) o : : .

lForages were frozen for 2 days and thawed at room températura for 8 hours prior to drying.
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values for both NDS aﬁd total phenols comfared to fresh
freeze-dried samples. NDS and’phénol values of‘forages aléo
Qere lower after‘freezing and thawing for all respective
dryingvtreatments.  Some frozen samples turhed’brown or
black in color within a few héurs after thawing. This was
probably‘caused’by the oxidation of some phenolic
constituents (Mould and Robbins 1981ia, Ribereau-Géyon
1872:37). Most forages tested also developed a brown or
black coloration during over-drying. Freezing andvthawing
and/cr heating probably disrupts intracellular vacuoles |
“allowing the okidation of some phenols and/or the complexing
of tannins and protein (McLeod'l974; Mould and qubins

19813). Phenols complexed with substrates are probably
.iﬁsoluble in neutral detergent solution and would explain in
part the lower NDS values. Phenol levels‘of both'Chrisgmas
fern and laurel appeared to be affected by freezing and
thawing and heating t§ a lesser extent in the winter than in
the spring. More protein and/or tannin may be present in
new growth or more phénols may be susceptible to oxidation
at that time. '

With the exception 6f the Christmas fern collected in

the spring, the percentage unit decreases (from fresh
freeze-dried Values) in NDS and phenols as a result of the

various treatments were similar. Therefore, NDS - P values
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and predicted ME values of fdrages prepared by each
treatment were much less affected by forage treatment than

were NDS and phenol values separately (Tables 1.5 and 1.6).

APPLICATION

The strong relationship between phenol-eorrected‘NDS’
and ME provides a reliable and efficient method‘for studying
diet quality in ruffed grouse populations. Unlike
conventional metabolism trials, only a small amount of
forage is needed for ME determination. - In these studies; a
0.40g éample was routinely used for NDS- and phenolvanalyses‘
and as little as one half that ameunt cen be used when the
amount of forage material'isvlimited. The smail‘amount of
forage required allows for the analysis of crop contents
‘and, therefore, the estimation of the ME of forages actually
selected by wild grouse.

To use the prediction equation, the percent acorn meat
in the crop contents must be measured on a dry matter basis-
prior to chemical analysis in order that the‘appropriate CF
can be computed. However; this requires little additional
effort if food habits data are collected for comparison with
ME values. Like acorns, the‘ME of beechnuts (Fagus
grandifolia) also may be underestimated by the prediction
equation. Until more information is available on the

metabolizability of beechnuts, percent beechnut meat could
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be substituted for percent acorn meatbinvthe pred;ction
equation. | - |

There may bevadditibnal probleﬁs in predicting the ME
of soft fruits that contain hard seeds,v Beer andiTidyman
(1942) reported that they coula find no_evidenéé that seeds :
of Smilax spp., Rhus spp., and nggvspp; wéfé'being Qround
. by the gizzard of grouse. Howevef, K§rschgén‘(l966)'s£ates"
that hard seeds are ground by thevgizzard'of ruffed grouse
and based this conclusion oh his'observation’thatvfew entire
seeds were found during fecal analyéis, However, only grape.
(Yitis spp.)bénd rﬁse (gggg spp.5 'fruitsiwefé'foﬁnd in
substantial}quantities in that study. The'giézéré.éontén£s 
of 120 ruffed grousé col;gqﬁednin fall andfwintéi in Nbrth
Carolina were examined fof‘eGidence Cf‘éeéd digésfion in the’
present study. - There was evidence (numérbus seed_fragments)
that Seeds‘of grape and»fose were being ground in the |
gizzard, but very few broken seeds of greénbriervand sumac -
were found evén though these seeds were'ﬁumerous, I also
~have observed wholé seeds of'fruitS‘of‘fldwering ddgwood‘v‘
(Cornus floridanus), black §um (Nyssa szlyatica),,and
‘greenbfiér (Smilax) épp. in the feces or iarge‘intestines of
wild.ruffed grouse. Mechanical grinding and ¢hemical
analysés of hard seeds not‘normally ground by the gizzard

may overestimate the actual ME of those particular fruits.
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Also, finely grinding seeds that normally are:onlytbroken
‘into large pieces by gizsard action may result in
overestimated ME Values. This problem is,difficult_to

‘ resolvevbecause grinding of hard seeds by the gizzard
probably depends on the fruit species and on‘thevamount of
fruit consumption. High fruit consumption'maY’increase‘
rates of seed passage.. When analyzing crop contents, ME
estimates would be most effected in the fall when»fruits
often form a larée'part of the diet of grouse;.

-An alternative to grlndlng and analyz1ng seeds of soft
fruits is to remove them from the crop contents and analyze
the seed and nonseed portlons of the crop contents :
separately. A range of ME estlmates could then be |
calculated using the‘ME'estlmates for‘the seed and the
nonseed portions of the‘cropccontents and:the known
'proportion_of hardwseeds in the'crop'contents,‘ Minimum
- values are for the case when seeds are undigested (ME of
zero used for seeds in calculations of the ME of the-crop
_contents) and maxlmum values are for the case when seeds are
completely ground (predlcted ME Values of ground analyzed;
seeds used in calculations of the ME of the crop contents).

’Proper.care of foraQes prior to chemical'analyses is
important for obtaining accurate NDS and phenol values.

Fortunately, changes in NDS and total phenol levels that may
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occur during storage and drying are offsetting to a large
extent in the ME pfedidtion equéﬁion and réduce the error in
predicted ME values.‘ Immediate freeze—drying is‘:ecommended
whenever poééible{ Some amount of NDS ah@lphenOl’complexing
‘probably takes piace in the crops of grouse because of warm,
‘moist coﬁditions. However, care in drying crop éontents can
minimize chemical changes; Freeze-dfied crop contents
retain their naturai color to a much greater extent than
oven~-dried crop material, suggesting a lesser degree of
chemical change.

In summary, chemical anaiyses and predictidnvequations
have numerous advantagés»over other methods of measuring
metabolizable energy in the diet of ruffed grouse.‘ By
analyzing crop contents, direct comparisons of food habits
and diet‘quality of grouse can now be made; This
information will be a major sfep towards a better
understanding of the relationships:among food habits, diet

guality, and population levels of ruffed grouse.
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CHAPTER 2

WING FAT, GIZZARD FAT, AND BODY WEIGHT AS INDICES OF CARCASS
FAT IN RUFFED GROUSE

‘In the only two studies on seasonal body fat dynamics
in wild ruffed grouse, whole carcasses were ahalyied'for fat
content (Thomas et al. 1975, Norman:and Kirkpatrick 1984).

Carcass analysis is the most accurate method of fat

determination; however, whole grouse are usually difficult = =~

to obtain} and the analysis is time=-consuming. Norman'and
Kirkpatrick (1981) recently'reported that Qing fat was
iccrrelated with carcass fat in ruffed'groﬁse'ccllected in
Virginia. However, the ccrrelations between Qing fat and
 carcass fat were weaker in the spring. and summer than in the
fall‘and>w1nter, 1ndicating some potential problems w1th the
technique. The advantagevof wing_fat as an index is that

wings can be easily collected from hunters for analysis

,"The weight of fat attached to the gizzard of ruffed grouse

may have a s1milar advantage as a carcass fat 1ndex because
gizzards also can easily be collected from hunters. Various.
measﬁres of abdominal orlvisceral-fat'deposits have_beeﬁ
shown to be stronély correlated with body fatvin Waterfowl
{Woodall 1978,‘Bailey 1879, Chappell and Titmantl983; Thomas
et_al. 1983). The objective of the present study was to. |

determine the reliability of wing fat and’gizzard fat as

33
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indexes of carcass fat in ruffed grouse. The relationship
’ betweeh fresh body weight and carcass fat content also was
examined because body weight is frequently used as a measure

of body conditioh.

METHODS

Sixty-two ruffed grouse were collected in the months of
March and April frbm’1982 to 1984. A total of 20 grouse was
collected between 1 November and 1 January from 1981 té 1584
in Virginia (N=8) and New York (N=12). Whole bOdy weights
were measured after.removing cfop contents. Grouse were
plucked, and lower legs were removed at the
tibio-tarsus~-tarsometatarsus junétion; Reﬁroductive and
digestive tracts were removed, but mesentary fat was
stripped from thé organs and replaced in the body cavity.
The weight of the fat adherihg to thé gizzard (GEW) wés
vweighed after lightly blotting surface moisture, and the fat
was returned to the body cavity. The empty gizzard was
weighed’and a gizzard fat index (GFI) was calculated by
dividing the weight of the fat attached to the gizzard by
the gizzard weight.

Norman and Kifkpatrick (1980) analyzed the fat content
of the entire wing (femoved at the humerus-scapular
junction). I tested three different sections of the wing

that would be more representative of the amount of wing
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material that could be consistently collected frOm hunters.
For the 42 grouse collected in sprlng 1982 and 1983 and the
20 fall collected grouse, 1 wlng from each bird was removed
at the humerus-radius-ulna junction‘(complete radius-ulna
[CRU]) and the other wing was removed at a p01nt midway on |
the radius-ulna (half radius-ulna [HRU]) x For the 20 grouse
collected in spring 1984 the skin and muscle along the
radius-ulna (RUM) bones of 1 wing were removed for analysis.
The other wing‘was‘cut‘at both the:humerus-radius-ulna |
junction and midwey on the radius-ulna. Both sections of
this wing were analyzed resulting indacdirectly'measured fat
value for HRU and a computed value for CRﬁ calculated from
the fat content and weight of each section.

Carcasses and wlngs were freeze dried and ground with a
Waring blender. Wing samples and carcass subsamples were
oven-dried (30 C) for 24h prior to fat extraction. Fat
levels were measured in a Soxhlet apparatus using ethyl
ether. Wing dry weight and fat were mathematically added to
carcass values. Fat levels were calculated both as a
percentage of carcass dry matter and as a lipid index‘([gv
‘fat/g fat-free carcass dry matter] x 100).

Carcass and wing fat heans were tested for differences
with paired t-tests. Pearson's product-moment correletion

and least-squared regression analyses were used to examine
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relationships among condition indices. Slqpefand'intercept
values of regression lines were tested for differences
between sexes and seasons using dummy variable regression

techniques (Neter and Wasserman 1974).

RESULTS

Carcasslﬁat aﬁd 1ipid index valﬁes ranged from
1.9-30.0%.andt1,9-43.6, respectively, in:thejspring-
collected grouse and from 4.9é35.1%‘and 5,2;54.0 iﬁ the
fall-collected greuse In'males, paired»t-teSts showed that
" 'CRU wing fat and HRU w1ng fat were greater (P<0 01) than
carcass fat in both the spring and fall (Table 2.1). There
were no dlfferences (P>0 10). between carcass fat and CRU or
HRU w1ng_fat in females in elthervseason The fatacontent
of the RUM winngas‘nct different. (P>0. 10) from carcass fat
in males or feﬁales in the érouse collected in sprlng 1984
even though both CRU»and HRU Wing fat: 1n~the same grouse was
greater than carcass fat in males (P<0.01),cbut not’females,
~ (P>0.20). | o |

Values for carcass fat and 11p1d 1ndex were hlghly
correlated (r=0.99, Pf0.000r).) As a result relatlonshlps
"between fat indices-and'carcass fat and llpld index were
similar Both CRU and HRU wing fat was correlated (P<0 01)
with carcass fat and llpld 1ndex in the sprlng (Table 2.2).

The correlatlon coefficients were higher for males
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Table 2.1. Carcass fat, CRU wing fat, HRU wing fat, and RUM nmg fat of ruffed
grouse collected in Virginia (N=62) in spring 1982-84 and in V:rgxma (N=8) and New

York (N=12) in fall 1981-1984.

Spring Fall
Female Male Female ‘ ﬁala
Z SE N X SE N X SE N. X  SE N
Carcass fat (%) 17.7 1.1 39 7.5 1.0 23 17.1 3.6 & 16.6 1.7 12
CRU wing fat (¥)  17.9 0.6 39 lis.1 1.7 23 22,5 0.8 8 lz0.2 1.2 11
HRU wing fat (%)  19.1 0.6 39 <14.8 1.7 23 22.2 0.6 8 l20.7 1.2 12
RUM wing fat 2 12 10 7.5 1.7 10

1.2

1

Different from carcass fat mean at P<0.05.

2 Mean +.SE) carcass fat, CRU wing fat, and HRU wing fat, respectively, for
females (15.7 %
1.5, 12.4 £ 2.8, 12.8 ¢ + 3.0).

corresponding 20 grouse:

2.8, 16.9 *

1.2, 18.6 #

1.2), males (6.2 &
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Table 2.2. Ranges of fat indexes and correlations with carééss fat
and lipid index of ruffed grouse collected in Virginia (N= 62) in
. spring 1982-84 and in Vlrgznla (N=3) and New York (N=12) in fall

1981-84.
Correlation coefficients

Fat index! N Range Carcass fat Lipid index
Spring
CRU wing fat (%)

males 23 1.7-24.7 0.380 %

females . 39 10.3-25.2 0.62 %
HRU wing fat (%) ‘

males 23 1.6-25.1 0.81 %

females 39 11.3-26.0 0.59 %
RUM wing fat (%) 20 1.4-18.6 0.78 *
Body weight (g)

males 23 535-773 0.7 *

females 39 561-711 6.43 %
Log (GFW+1) 62 0-1.52 0.86 %
Log (GFI+1) 62 0-0.21 0.85 *
Fall
CRU wing fat (%) 20 11.2-26.0 0.58 * 0.55 *
HRU wing fat (%) 20 9.9-25.0 0.66 * 0.62 *
Body weight (g) 20 529-7384 0.20 NS 0.17 NS
Log (GFW+1) 20 0.22-1.31 0.91 * 0.88 *
Log (GFI+1) 20 0.01-0.17 0.87 % 0.85 *

1 pata for males and females are pooled in this table when

slope and intercept values for relationships did not differ (P>0.05)
between sexes and correlation coefficients for sexes were similar.

See text for specific results.
* Correlated with dependent variable (P<0.01)

NS Nonsignificant correlation with dependent variable (P>0 053
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(r=0,80-0.83) than females (r=0.59-0.63), and the slope'
values of the least-squaré regression‘lines for these
’ reiationships wére éreater (P#0.0S) for femalesvthah males..
| Intercept values did not differ (P>0.05). Percenﬁ fat in
the RUM wing was correlated (P<0.01) witﬁvéaféaSS'fat and
lipid index, but:régressioh coefficients (Slope'and |
. intércept valuesj‘did no£ differ (P>0.05) between sexes.
‘Body weight was-c§rrelatéd (P<0.05) with carcass fat énd
lipid index in the spring for both sexes. The'relatidnshipé
were stronger for}méles (r=Q.74)_than females (r=0.43), but
the regression doefficients did’not differ (P50.05)‘by sex.
 Both CRU and HRU win§ fat.ﬁere£weak1y correlated

(P<0.05) with carcass fat (f=0.46¥0;58)'aﬁd lipid»index'
b(r=0.42-0.55)‘in,theéfall (Table 2.2). Regresaion,
coeffiéients did;nét'differ (P>0,0S)‘betwéénwééxéé; ;Bbd&f
weight was not cqrrelated (P>O;OS) with carcass fat’or_lipid»
index in the fall for males«9r~femélesl§f for,pQOled.data of
both sexes. - N

For all data pooled (N=82),»theré‘were cufvilinear
 relationships (P=0.0001) between gizzard fat wv@ai'g'ht and
carcass fat (Figuré 2;1) éna iipia index;"A logrithmic
model was‘used‘to deScribe the relatidnships (P=0.0001),
‘which tended té'have.lgss vafiability-atJIOWer fat levels

(e.g. catcaSs"fat<15%); ‘Correlation coefficients between
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immnnss CF219,2 Log (GFW+1)+2.2

CF=17.2 Log,(GFW+1)+3.3

CARCASS FAT (%)

0 1 2 3 4

GIZZARD FAT (g)

Fig. 2.1. Relationship between carcass fat (CF) and gizzard
fat in ruffed grouse collected in the spring in Virginia
(N=62) and in the fall in New York (N=12) and Virginia
(N=8). Lines represent weighted (sssess) and unweighted (sw=).
least-squared regression equations. See text for
explanation. o
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1oge(GFW+1) an&vcarcass fét-and lipid index variéd‘from 0.86
to 91 (Table 2.1). Regression coefficieﬁts did ﬁ6£ differ
(P>0.05) by sex of betweén spring samples frOm.Virginia and
fall samples from New York aﬁd Virginia. Weighted
regression was used to obtain a better fit of the least-
squared regression line at lower levels of‘éarcaséhfat and
lipid indek where variability was lower. The weight valﬁes
were proportibnai to the reciprocal of the.variances of
carcass fat or lipid indéx at each observation of GFW, which
provided the best linear unbiased estimates of regressién
coefficients. The following equations were prdduced and are
considered the most accurate for prediction of carcass fat.

(Fig. 2.1) and lipid index from GEW:

Carcass fat = 19.2[log (GEW + 1)] + 2.2

Lipid index = 25.7[logg(GEW + 1)] + 1.1
The GFI was highly correlated with GEW (r=0.98, P=0.0001);
therefore, relating GFW to. gizzard weight did hot improve
the accuracy of GEW as éipredictdr of carcass fat and 1ipid
index. Correlation coefficeﬁts of carcass fat and lipid

index with log (GFI+1) were similar to correlation

coefficients with loge(GFw+1) (Table 2.2).

DISCUSSION
The weight of the fat attached to the gizzafd'appeared

to be the most useful index of carcass fat for ruffed
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grouse. There was no evidence that the relationship was
affected by sex, season, or loéation. However, because of
the curvilinear nature of this relationship, gizzard fat
weight must'bé transformed to carcass fat estimates for
~comparative purposes.

Positive correlations between body fat and fat deposits
alsq have been reported for waterfowl (Woodall 1978, Bailey
1979, Chappell and'Titmén'1983, Thomas et al. 1983); |
however, nonlinear relationships were not found in these
previous studies. At higher body fat levels in}grbuse, fat
may accumulate éround the gizzard.at a faéter rate than in
other parts of the body, resulting in a nonlinear
relationship. Most grouse with high levels cf body fat and
gizzard fat were females collected in the spring. These |
females could have been rapidly storing or utilizing fat
prior to or duriﬁg egg-laying, which may have contributed to
the high variability in the‘gizzard fat-carcass fat
}relationship at high body‘fat levels.

Typical body‘fat levels of ruffed groﬁse.in'the fall
and winter probabiy would be in the range (0-20%) where
prediction of carcass fat‘is the most accﬁrate. For
example, 114 of 118 gizzards collected from ruffed grouse in
fall and winter in North Carolina had gizzard fat weights éf

less than 1.6g and predicted carcass fat levels of less than
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zi% (see Chapter 3). Th_ofnés: etal (19'75)1' found that mean
carcass fat levels of grouSé in Ontafio, Canada in.January
and Febfuary'weré only 7 and 8%, respécti?ély,‘also in the
range where prediéﬁibn from'gizzard fat weight>is the most
accuratef | |

'Fat leveis-of the CRU-énd HRU wings do'not appear to be
satisfactory as indekes,of‘body fat. Co;relations were weék
‘and‘relationshibé differed for sexésvin the‘Spriﬁg, Carcass
fat levels in fémales'wére greafer‘fhan in maiés in tﬁe 63
spring-collected‘gfouse’(seé Chapter 4). Therefore,
differences inbregressibn.lines befween sexesvmayﬁhavé béen‘
the result of différent‘body fat leVels-énd hOt ééx gg:‘gg.

The.loweét'mean CRU and .HRU wing fét levels'weref
observed for males in the spring. 7ﬁowever, these levels
were still fwice,mean carcass fat iévels. Wing‘faf (CRU andv
HRU) levels of €lO% were observed in only-seven grouse'(all
- males) in the pfesent study;tand thesé grouse had mean (tSE)
carcass fat of 2.810337; Fat leQels in>wings may remain
high until carcass fat levels have decreased tova-iow level.

Hutchinsonland Owen (1984) recently reported ‘that wing
- bones of many speciéé‘of waférfowl contéin fat 1aden marroﬁ,
‘and that marrow fat was one of the last fat reSerVes"Eo bé,‘
~used as body fat declined.‘ The presence of marrow in wing

bones of ruffed grouse was observed in some specimens of
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ruffed grouse obtained efter the present study:. If ruffed
grouse have a similar pattern of merrow>fat deplefion in
Wing bones as described for dﬁeks that would explain the
high mean win§ fe£ relative'to carcess fat found in the
present study and the observation that the mean fat contept
of the muscle and skin (bone exc;uded)‘aloﬁg the radius-ulna
(RUM wing fat) did"not'differ from mean carcess_fat.

Body weight was notban accurate predietor‘of body'fat
- levels even when>acdeun£ing for sex aifferences. Thomas et
al. (1975) also foundethat:there»was not a‘eimple‘
relatlonshlp between welght and fat content for ruffed

grouse. The lower correlatlon coeff1c1ent for females than
males in the spring was probably due to large changes in-
welghts of reproductive organs and the presence of partlally‘
' developed eggs in the ov1ducts of females (see Chapter 4).
Age 1nformat10n»may improve predlctlon in the fall to‘somev
- degree. -

In summafy, gizzard fat Qeight has good potential es a
predictor of carcass fat in ruffed grouse, while’winé fat
and body weight were only weakly related to body fat. Large
numbers of samples of gizzards and attached fat ¢ou1d easily
be eellected”froﬁ'hunters,tevmohitor fee levels in ruffed

grouse populations.
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CHAPTER 3

- REGIONAL VARIATION "IN THE NUTRITIONAL ECOLOGY OF RUFFED
- GRCUSE IN FALL AND WINTER

The southeast edge of the range of the ruffed grouse
extends along the Appalachian mountains into the states of
Georgia, North Carolina, Virginia, and Tennessee. (Aldrich

1963). Ruffed grouse are not as abundant in'this9region as

~in the northern U.S. and Canada (Bump et al. 1547:55). The

causes of this regional difference in grouse abundance have

not been identified.
E¢w population deﬁsities of ruffed grouse in the
Southeast may be related to regional differences in diet

quality or food abundance. Fall and winter food habits of

ruffqg grouse differ distinctly between southeastern and

northern regions. Buds, twigs, and catkins of treesvare the

mest common winter foods of grouse in the northern U.S. and

Canada (Brdwn 1946, Bump et al. 1947, McGowan 1973,

Vanderschaegan 1970, Svoboda and Gullion 1872), whereas the

“winter diet of grouse in the southern Appalachians is

composed bf fruits, ferns, and leaves of herbaceous and
woody p1ants (Stafford and Dimmick 1979 Seehorn et al.
1881, Norman and Klrkpatrlck 1984).

‘The nutrltlonal significance of thisvdifference in food

~habits is unknown because there have been few studies on the
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nutrltlonal quallty of forages and dlets of ruffed grouse.
Prev1ous research only cons1sted of prox1mate analyses of
grouse forages (Bump et al. 1947, Korschgen 1966). While
providing some useful 1nformat10n (e g. proteln content),
the prox1mate system of feed analyses has llmlted value for
describing forage quality (Robbins 1983:244). Baslc to an
understanding of the nutritional ecolog§ of any'species is
information on the metabolizable energy (ME) content of
forages. However, with one‘exception (ﬁill et al. 1968),
there is no- publlshed 1nformat10n on the ME of forages or
diets of ruffed grouse

Informatlon on levels of phenolic compounds also may be
1mportant when evaluatlng the nutritional quality: of forages
of grouse (Byrant and Kuropat 1980, Sinclair et al. 1982,
Lindroth and Batzli 1984,,Sinclair‘and Smith 1984). Byrant
and Kuropat (1980) proposed that food selection by ruffed
grouse was related more to the av01dance of protective plant
chemicals than to the selection for nutrlent-rlch foods.
Phenolic compounds, which include simple phenols,‘nontannin
flavans,,hydrolyzable tannins, and condensed tannins (Peri
and Pompei 1971), have a variety of,adverse'physioloqical
and nutritional effects on herbivores. Tannins may reduce
protein digestibility and digestive enzyme activity because

of their ability to bind stroengly with protein (McLeod 1974,
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Mouid and Robbins 198ﬁa). Large amounts of absorbed tahnins
can cause liver and kidney disorders in rabbits and rats
(Arheleger ét al. 1965, Bolér et al. 1966, Camp et al.
1967). Dietary tannin also has been shown to reduce,growth
rates in chickens (Vohra et al. 1965, Fuller et al. 1967,
Conner et al. 1969, Armstrong et al.»1974,:Kubena et al.
1983). Quercetin (é flavonoid) and tannic acid‘(é
hydrolyzable tannin) reduce growth rates‘of prairie voles,
and quebracho, a condensed,tannin, causes mortality in
prairie volesvby reducing foOd:ihtake (Lindroth and Batzli
- 1984). ‘Con¢entrations of total phenols are knowh to be
‘substantial (17% of dry matter) in some forages of ruffed
grouse {see Chapter 1), but data on tannin levels in grouse
> forages are not available.

To gain a better understanding of ruffed grouse
nutritional ecology, more information on the nutritional
quality of forages is needed as well a better understanding
of the relétionships between food>habits ahd diet'quality.v
In addition, there is a need for direct comparisons of the
vquélity of the diets of ruffed grouse from northern and
southeastern populations in order to determine the
significance of regional differences in food habits. The
objectives of the preéent study were (1) to determine the

relationships between foocd habits and ME, protein, and total
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phenols in the diet of ruffed,groﬁée; (2):to determiﬁe
 levels of taﬁnin;phenols‘in selected wintef forages of
ruffed»grouse; and (3) to determine thevregional variatioﬁ-
‘in the ME, protein, and total phenél leveis of the fall and
: Winter diets of ruffed groﬁse.“ Also, cardass‘fét levels of
ruffed‘grouse collected in North Carolina during the fall
and winter wére measured to examine the relationship between

dietrquality and body condition.

METHODS

Crop contents of”hﬁnteerilled-ruffed gnouée‘Wgre
collected by cooperatbrs in Virginia, North Carolina,‘and
=7Gé6rgia during the 1981-82, 1982-83, and_1983f84 huntiﬁq
. seasons and in Maihe, New York, Wisconsin, énd,Washington‘
dﬁring the 1982-83 and 1983-84 hunting seasons. ‘Cr6ps were
coliécted in Weéf Virginia during the 1981-82 ﬁunting season
and in Indiana and_Ohio during the 1983-84 season only, |
Hunters were instructed to freeze crop éoﬁtents as soon;as
possiblé in plastic bags and collection envelopes‘and to
i:record the date and county of kill.‘ Most samples were
Shipped.to VPI&SU by an express mail se:vice.'.Generally
this involved one shipment from each state at’thé end of the
huntinghséason because one individual usually coordinated
collectiqns for each state. Crops were frozen Qhen mailed,_b

but thawed during shipment. All samples‘arrived in <24h
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(usually 16h) except one container of crops from New York in
1982 that arrived in approximately 30h. Most shipments»were—
still cool on érrival and crop contents were generally in
excellent condition. Collections'from New York in 1983 and
from Maine in 1982 were kept on ice and transported directly
to VPI&SU by automobile. Crop collections in Virginia were
made in the vicinity of VPI&SU and did not require shipment.

Upon afrival at VPI&SU, crop contents were frozen and later

freeze-dried (without thawing) for approximately 48h.

Food Habits
After.fréezé-drying, crop contents were separated into

thé following forage classes: leaves of décidﬁoué wéody
plants,:leaves of evergreen woody plants, ieaves of nonwoody
herbaceocus plants other than ferns, ferns, hard fruits, soft"
fruits, buds and twigs, catkins, animal matter,-énd grit.
Grit was excluded from all food habits calculations and
analyses. The deciduous leaf class inclﬁded such species as
apple, as?ens,;and greenbrier (all.écientific names of
plants appear in Appendix Table 3.1). Honeysuckle leaves
were ihcluded in this forage class because they often
paitially change in color in late winter. .Thé evergreen
leaf class only included broad-leaf woody species’thaf

typically remained green throﬁghout the entire year. Common

forages in this class were mountain laurel, wintergreen, and
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‘trailing‘arbutusll Hard fruits included.those forages»froml
whiCh the principal source of nutrients for,grouse was |
deriued from‘thefseed. This forage class‘included acorns;
maple,samaras, and small'seeds of,numerous specles, Soft'
fruits were defined as forages from“which‘nutrlents are
prinCipally deriued from‘the pericarp‘surroundingfthe‘seed@.
Besides such typical softVfruits as apple, grape, and
.greenbrier, frults of sumac were 1nc1uded here.

Estimates of the maJor forage spec1eS’1n‘the collected'

crops were made by 1dent1fy1ng at least the four most common'f'”

spec1es for each month of each state-wzde collectlon (except'.-»‘

for Washlngton) Then, for each crop, the percentage by
volume of each 1dent1f1ed spec1es 1n its. respectlve forage:
| class was ocularly estlmated Crop contents were then
freeze-dried forf24h and welghed by forage class.‘,Ihen,‘for
'eachfcrOp, the estimated percentageeof‘each identifiedhand
measured spec1es 1n 1ts respectlve forage class was

smultlplled by the welght of the forage class to obtaln an

estlmate of theﬂdry weight of that spec1es in the crop The.f

v welght to volume ratlos of - forages 1n a forage class were
assumed to be similar. For 77/ of the ocular measurements
made, one species made up 100% of the forage class;
"therefore, most weight estimations,Were exact;r Monthly'

percentages of forage classes and forage species in crop
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~contents were caiculated by the aggregate volume method
(Martin et ai, 1946), except that dry weight was used.
Seeds of eoft fruits, and the meat of acorns and
beechnuts were removed from crop contents and weighed
separately. A knowledge of the percentage of acorn and
beechnut meat in the crop contents is‘necessary for
predicting the_ME of the crop contents by the prediction'
equation to be describea;iefef;_hseeas of seft fruits»were
removed from-the crop contents because the extent to which
grouse grind ha:d.seedsaof sdftlfrﬁits is not-known.
Although some.herd seede are epperehfiy'grOund'iﬁethe
gizzard (Korschgen 1966), information for many fruit species
is lacking (see Chapteruf)}v_Finely grinding-and chemicaLlY' .
analyzing hard seeds that are not grouhd or ohly’breken into
large fragmentS'iﬁ the gizzard may overestimate.the |
nutfitional value of those seeds for grouee. .Seedeeight
date were used to ealculate minimum and maximum estimates of
ME and other nutritionalvvariabiesvin crop contents, which

will be desdribed leter.

Nutritional Analyses
of Crop Contents

Separated crop contents were recombined (except seedé
of soft fruits) and ground in a Wiley mill to pass a 30-mesh

' screen. Crop contents were analyzed for percent neutral
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.'detergént solubles (NDS) byithe'method of Goering and.Van.
Soest (1970), except sodium sulfite was not used (Mould and‘
Robbins 1981b). Amylase treatment was»used_as déséribed by
Robertson and‘Vah Soest (1977). ’?ercent'total phenols were
measured colorimetrically using éallic acid as a standard
(Singleﬁon_and Roési 1965) after a 3-day'éxtraction in an.
acetone/ﬁater solution (70:30).; Grésé ehéfgy was heaéﬁfed
with a Parr adiabatic bomb'caloriméter. The percent ME of
the ground crop material (equudes Seeds of soft_ffuits) w§s
‘calculatéd from the NDS, totaiAphenQLS}_éndtthe percentage
of acbrn and/or beechnut.meat:ih the crop contents using the

- following equationg(see‘Chapter 1)y«
ME = 0.87(NDS - total phenols) + 0.18(% acorn meat) - 5.76

The kcal of ME per gtaﬁv¢f apy'mat£ér wa$ECQIQulatéd from
%ME and GE(kcal/g). ?Perceﬁt nitrogen of crop Contents'was
measured by the VPI&SU'Agronomy ﬁéboratory with a TechniCOn
autocanalyzer after‘digestion in qqnéentratedvsulfuric'acid
: ét 450 C. Crude protein was calcﬁiéﬁed as‘peréehtvnitrogen‘
times 6.25. When thefe wés insufficieﬁt crop matgrial for’ 
_all'analyses, priofity was'assigded in:the félib&ing order:
‘NDS, total‘phenols, GE, and nitrogen. | |
‘The_laék»of informaﬁion on sééa digestion_by'grouse was

_circumvented in the present study by calculating minimum and
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maximum estimatés of predicted Mﬁ, ﬁotal.ﬁhenols, and
protein for crop contents ﬁhat contained seeds of soft
fruits. EStimétes,weré caléulated using>value$ of the éboVé
nutritional variables for the seed and nqﬁSeed portions of
the crop contents and the known proportionbof seeds in the
crop contents. Minimum vaiues‘for prediéted'ME, fotal
phenols, and protein were calculated from respective values
for the»nonseéd-porfion of‘the crop cohtents, the proporfion
of seeds of soft fruits in the crop contents, andvaééumingiﬂl'
that the contributién of ME, total phehols, and protein by
seeds was zero (seeds undiéested). To calculate ﬁaximum
values, measurements of predicted ME, toﬁal phehols, and‘
protein for ground seeds were made by species} Maximum
values forvthe predicted ME, total phenols, andvprotein in
crop contents (séeds included) then were calculated from fhe
respective values of ME, totai phenols, and protein Qf thé
nonseed portion of the_cfop contents,.the’respective values
of ME, total phenols, protein of seeds in the crop cbntents,
and the pfoportién of seeds of soft fruits in the crop
contents. Average vélués of nutritiénal variables forv
species of seeds wére used because most crops contained
insufficient émountsbof seeds for analyses. Calculaﬁing
minimum and maximum Vaiues not only gave a range of

estimates for nutritional variables for crop contents that
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contained soft fruits, butuaiéowpfﬁvided'ﬁsefui informatioﬁ‘
for evéluating the nuﬁritional contribuﬁion of soft fruité
to the diet of'grouée. | | |
The predicted Mﬁ;‘téfal phenélé[ énderoﬁei§:in groﬁnd
seeds of soft fruits were determined by‘giinding,the seeds
through a 30-hesh screeﬁfand‘ﬁeaéuring‘NDS, tbtal>phenols;
.GE,’and nitrogen. All seeds were from the crops of wild
grouse. ME waS’pfedicted from NDS'énd total»phénois with
‘the eqﬁation described earlier. These dafa were used to
calculate maximum valués of ME, total phenols, and pfotein
in crop contents as described above. Gfeenbrief seeds and
parts of the outer seed coats of dogwood and:blackgum were
difficult to grind in a Wiley mill and were only ground'fine
enough to pass a 20-mesh screen. ©Seeds of some frﬁits
occurred in.crops in quantities too small to chemiéally
analyze. For those crops, seeds of unanalyzed species were
assigned the valﬁes of predicted ME, total phenols, and
pfotein of the nénseed portidn'ofvthe crop‘contents when
calculating maximum values. However, unanalyééd seeds
constituted -only a small percentagé of the seedsjof soft
fruits found in crops and an even lower percentage of the
.total crop contehts. Therefore, these seéds had little
effect on estimates of nutritional variableé. However, any

effect of unanalyzed seeds would tend to be conservative



56

(calculated maximum values wquld include the true maximum
predicted velue) because the predicted ME, pretein; and
total phenol content of the nonseed crop contents tYpically
were greater than &alues for moet hard seeds;

'Food habits data for eaeh mbnﬁh were expressed as
percentages of forage classes ;n the aggregate weight of all
crop contents for each month. Therefere, monthly Values‘of
‘ME (% and kcal/g), totai'phenols, and protein were
calculated as percentages or kcal/g of fhevaggregate total“
crop content weighﬁs oY gross energy (equivelent ﬁo-a
‘weighted mean with heavief crops having a greater influence
on results) for each month in order that food habiﬁs‘and
nutritional variables woﬁld be directly comperable.

‘Stendard errors (SE)iof‘these weightedl@eaﬁs were
‘calculated’as follows (Hal Wilson, StatisticaGConsﬁlting
Center, Virginia‘Polytechnic Institute and State‘ﬁhiversity,

pers. comm.):

SE = |-=ceeec=
(IW;)2
where: SE = standard‘error of the weighted mean.
W = the proportien of the dry‘weight of

crop content i in the aggregate weight
of crop contents in a monthly sample.
Note: (W, )2=1 for these calculations

. because weights were proportions.



57
S%2 = sample variance for the unweighted mean.

The SE of the welghted mean is greater than the SE of ‘the
unweighted mean when all W values are- not equal

Dietary proteln levels were evaluated w1th respect to
the ME content of the dlet‘because dletarywenergy levels
largely determine dry mattervintakev(Maynard et al. 1979,
Scott et al. 1982) and, therefore, influence protein.intake;
- A protein-energy (P/E) ratio (g protein per lOO‘koal'ME) of
“the diet was calculated fordeach month uSing‘theaaggregate
monthly protein and ME (kcal/g) values. The P/E ratio
provides a basis for comparing the ornde protein,intakevof
grouse on diets or forageslof differing ME content. Ratlos_
were similar within a nonth regardless if they were |
calculated using correspondlng mlnlmum or nax1mum values of
ME and proteln because’ME and proteln estlmates of soft
fruit dlets were both dependent on the degree of dlgestlon
of hard seeds o | | | |
Nutritional Analyses
~of Individual Forages
Estimates of the predioted ME, totaltnhenol, and
: protein content of individual forages selected‘by'grodse
were made by analyzing forage samples obtained from crons.

Except for'clover, individual species of herbaceous plants
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were not found in crops in sufficient amounts for chemical
analyses. Crops‘that contained 100% herbaceous leaves
(typically containing many species) were analyzed as samples
of mixed herbaceous leaves. No attempt was made to
determine the species composition of these samples.

Levels of tannin aﬁd nonﬁanﬁin‘phenois in selected
hand-collected winter forages of grousé also were measured.
- -Because phenblsfafe‘affected by forége étbragévand drying
treatments (sée Chaptér 1), 6ﬁiy fresh, band-éollected
forages were used for tannin analyses in_prder to obtain the
most accurate measufements ﬁoésible. Taﬁhin phenols were
measured by determining total phenols (Singleton and Rossi
1965) before and after precipitation of tannins wifh
cinchonine sulfate at pH 7.048.0 (Brugirard and Travernier
1952, Peri and Pompei 1971). The agueous-acetone solution
used to extract'phenols from fofage samples blocked the
precipitation of tannins by cinchonine sulfate. This
'problem was circumvented by evaporating thé acetone from
25ml aliquots of the forage extract using a steady stream of
filtered air just prior to phenol analyses and tannin
vprecipitation.‘ The extract was restored to original volume
with distilled water. Removal of acetone during a 4-hour
; pefiod just prior to analyses did not affect totéL‘pheﬁol

values.
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Forages»of grouSe from southeastern states were
collected for tannin ahalysis in November and December in
'SOuthwestern Virginia. Samples weré immediately-freeze—
dried and stored dessicéted at 5 C. vForages of grouse from
northern states were collected in Decembef in cehtfal New ‘
‘York and frozen. Frozen»samples were_trgnqurted fo VPI&SU
‘(without thawing) within 48h\6f.colie¢ticn»and immediately
freeze-dried. Forages also were analyzed for NDS to compare:
predicted ME valgeswéf:hand-collected fdrages with’foragesa

from crops.

Carcass Fat Analysis

'Gizzards, wings,_ana qénﬁral tail feathers of ruffed
. grousé were collected with crop conteﬁts from North
Carolina. Percent carcass fat for thése grouse wasb
predicted from the weight of the fat attéched,to gizﬁard
(GEW) using the equation"descfibed invChapter'Z:

Carcass fat = 19.2[log (GEW+1)j + 2.2
Groﬁse‘were aged by the‘shape of the contour of thé 9th and
10th primariés. Sex was determinéd'by thé length of the
~central tail feather using classification criteria published
) for Ohio (Davis et al. 1969). To improve the éccuracy of
- sex classifiéation, data for gfouse wifhvtail lengths that
fell between classification division pbints (3% of

observations) were not used. Sex, age, and month
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differences in predicted carcass fat were tested by ANOVA

using SAS (Ray;et al. 1982).

* RESULTS

”A total of 1005 crops was collected,. including 395
crops from the southeastern states of'Virginia; prthv
Carblina, and Georgia, 490 from the northern~sta£es of
Wisconsin, New York, Malne, and Washington, an&,lzo frémh
West Virginia, Indiana, and Ohio. Thirteeh crops collected
in seutheastern West Virginiaewere”included ae'part of the
Virglnia Sample;jbecausefthese cfops,Were\collected in
counties adjacent to the Virginia collectionisitee; One
-hundred and'sikty (16%) collected crops did net contain food
'material. The distribution of collections by ceﬁnhy is

- summarized in Appendix Table.3.2;

'Eorage Quality

Analvses of.Forages from Crops--Soft fruit flesh had

*elatl rely low total phenol levels and hlgh but varlable ME
' content (Table 3 1) Wlth the exceptlon of rose and
viburnum, soft frult flesh had ME levels greater than or
'equal to SOA and 2.50.kcal/g‘ Mean proteln levels of frult |
ranged from 4.4-10. 2%,zand protein levels and P/E ratlos cf o

fruit were generally lower than other forages



Table 3.1. Neutral deter’gent solubles (NDS), total phenols ’, metabolizable enet;gy, crude protein, and protein-energy (P/E)
ratio (g protein/100 kcal ME) of selected forages obtained from crop contents of ruffed grouse. The masber (N) of crop
samples analyzed precedes values foﬁ"hutritional variables. ‘ _ .

‘Total Metabolizabla Gross. Matabolizable Crude . ' o

NDS phenols enargy energy energy . protein
%) : () (2) ‘(kcal/g) . (kcalsg) () A L
} - _ . - prEd ;
Foraga N ® SE . . ¥ SE X SE N X SE X SE N X SE - ratio i
-E-?:uii:s‘1 - e . : : : - w -
Apple 4 81.1 1.9 2.6 0.9 63 1.7 4 4.06 0.01 2.56 0.06 4 4.8 1.0 1.89 |
Grape 8 .78.8 1.8 2.7 0.% 60 1.6 5 4,11 0.06 2.49 0.05 6 8.7 0.6 3.49 !
_Greenbrier 4 76.1 2.9 1.2 6.2 59 . 2.5 4 4.53 0.06 2.68 0.08 [ 7.7 1.0 2.87 :
‘Dogwood 4 65.9 1.1 2.0 0.3 50 1.2 4 5.27 0.23 2,63 0.16 4 10.0 1.7 3.80 :
Viburnum - 3 60.4 5.0 0.7 0.1 46 4.2 -3 4.63 0.11 2.1% 0.15 3 4.6 0.6 2.15 i
Blackgum 1 82.7 2.5 64 1 4.93 " 3,16 1 8.1 . 2.56 :
Hawthorn 1 80.7 3.7 - 61 .1 4.09 2.50 1 %.% 1.76 !
Rose 3 €6.2 1.8 2.3 0.4 50 1.9 3 4,32 0.04% 2.15 0.06 3 10.2 0.3 4.74 .
Mountain ash’ 2 82.3 2.1 3.0 0.0 63 1.8 2 4.3%9 0.10 2.77 0.02 2 6.6 0.3 2.38 i g} :
HMaple 5  65.4 2.2 14.9 2.3 38 I.8 5 b5.27 0.04 2.01 0.09 5 19.7 3.3 9.80 ;
Acorn ; . ' : ' P
' (w/o shells) 2 89.4 3.4 11.1 2.5 78 0.2 2 4.5 0.31 3.55 0.18 2 8.0 1.1 2.25 ;
“Acorn . - : .
" (w/shells) 2 66.6 1.3 7.9 0.6 57 1.9 2 6.95 0.18 2.80 0.10 2 7.0 0.2 2.50 :
Beechnut v : : L . :
(w/shells) 3 56.7 5.0 ‘1.4 0.2 53 4.3 1 5.50 2.70 4 15.3 1.0 5.67 ‘
Leaves, woody plants ; ‘ f
Apple 6 75.5 1.2 5.5 0.6 55 1.2 5 4.74 0.03 2.64 0.06 6 13.9 0.8 . 5,27
Quaking aspen 2 72.6 0.4 5.5 1.1 53 1.3 1 5.00 ) 2.70. 1 12.7 4.70
Greenbrier 8 72.4 1.0 6.7 0.5 51 - 0.6 7 4.7¢ 0.03 2.44 0.02 7 13.1 0.5 5.37
Laurel 4 70.7 1.9 15.5 0.6 42 1.3 3 4.99 6.1 2.11 0.05 3 9.2 0.4 4.36
LeaVeé, berﬁacedqs plants : B
Clover 4 74.6 1.5 2.1 0.3 57 1.3v' % 46.28 0.07 ‘ 2.57 0.08 &  29.1 0.6 11.32
Mixed-N. Carolina 3 82.1 ‘1.1 3.7 1.6 63 1.0 2 -4.32 0.06 2.74 . 0.02 4 21.2 3.6 7.74
Mixed-Virginia & 81.8 2.4 2.9 0.3 63 2.3 4 4.28 0.02 2.78 0.11 3 24,5 3.9 -8.81°
Mixed-Maine 8 77.9 1.¢ 2.6 0.6 59 1.0 5 4%.49 0.05 2.69 - 0.09 6 27.1 1.7 10.07
- Mixed-New York 3 79.8 2.3 6.2 5.0 58 5.9 1 4.16 2.77 -2 23.1 2.1 8.34
-Hixed-Hisconsin . 2 1.3 3.4 1.6 5% 0.3 1 1

72.2 T26.1 11.01




Table 3.1. Continued.
Total Matabolizable Gross Metabolizable Crude
NDS phenols energy : enargy enargy protein
(Z) (%) (z) tkcalsg) (kcalszg) (Z)
p/E 2
Forage N X SE X SE X SE N ® - SE ® SE N x SE ratio
Ferns
Christmas fern 2 47,7 1.0 2.2 0.6 36 0.4 1 4.26 1.45
Buds and twias
Cherry 3 50.2 0.6 3.6 0.5 . 35 0.5 4 4.73 0.38 1.65 - 0.03" 4 16.4 2.0 9.93
Birch 3 48.9 7.7 6.2 1.5 31 5.9 3 5.03 0.28 1.59 0.33 3 11.0 0.9 6.91
Aspen 1 42.8 - G.4% 28 1 4.98 1.38 1 15.4 11.16
Hazelnut 1 47.2 9.4 27 1 4.87 1.32 1 9.9 7.50
Catkins
Birch 6 57.8 1.5 7.6 0.7 38 0.8 6 5.47 0.48 2.06 0.05 6 11.9 0.4 5.78
Hazelnut [ 60.9 1.3 6.9 0.6 41 0.8 6 4.58 0.39 1.89 0.04 6 14.7 0.6 7.78
Hophornbeam 1 56.0 . 6.4 37 1 4.86 1.82 1 14.0 7.69

lvalues for soft fruits are fér the fruit flesh only (i.e. seeds excluded).

2Calculated from mean ME (kcal/g) and crude protein values.

(4



63

Seeds ffom.the nine'Speeies of soft fruits in Table 3.2
constituted 887 by welght of the seeds of soft frults found
in all eiops in the study and 92 99/ of the seeds of soft
fruits in crops from southeastern'states where fruit use was
most eommon. The predlcted ME of ground seeds of soft
fruits was low, ranging from 12/ and 0.53 kcal/g for dogwood.
to 48) and 2.44 kcal/g for honeysuckle (Table 3. 2) Levels
.gf total phencls';n seeds were generally low (<44), except
‘for viburnum (8.9%) and honeysuckle (5.1%) . Protein levels
in seeds‘were variable and ranged from 3,1%,fo: haWtho:n to 1
12.7% for greenbrier. ?he-loy_ME of<eeeds‘substantially |
lowers the overall ME content ofbsoft fruits. xForvexample,
seeds of greenbrier, dogwood} gfape, and rose compese
approximately 50y of the fruit dry matter; The raﬁge dn ME
values for these fruits is 31-43% when the centribdtiohvof.

. seeds is 1ncluded cempaned te a range. of 50-60%”fer the‘
fruit flesh. | |

Acorn meat had the highest ME (78% and 3.55 kcal/g) of
» all forages analyzed (Table 3.1). Wlth shells 1ncluded, the
ME of acorn and beechnut samples were within the range of ME
values of soft fruits flesh. Acorns were neflidentified to
species, but are known to be Variable‘in phenocl centent
(Ofca;cik and Burns 1971) and may be‘variable in ME;

Beechnut had the highest GE (5.50 kcal/g) of all forages



Table 3.2. Neutral detergent solubles (NDS), total phenols, metabolizable energy, gross energy, and crude
protein content of seeds of selected soft fruits collected from crops of ruffed grouse.
crop samplaes analyzed precedes values for nutriticnal variables.

The number of

Total Matabolizable Gross Metabolizable Crude
NDS phenols energy energy energy protein
) (%) lZl tkealsg) tkcal/g) ('/.})’
Seed N X SE % SE X  SE N , X  SE X SE N X  SE
Greenbrier 5 31.3 2.9 0.2 0..1 21 2.5 5 5.00 0.0% 1.06 0.12 5 12.7 0.7
Dogwood 5 20.8 1.6 0.7 0.1 12 1.4 5 4.58 0.05 0.53 0.06 5 5.7 0.5
Grape 5 39.1 0.7 3.7 0.3 25 ‘0.7'8 5 - E.56- 0.06 1.39 0.05 5 10.0 0.6
Hawthorn 5 25.8 4.7 0.6 0.1 16 4.1 3 4.70 D.>06 0.55 0.25 2 3.1 0.5
Sumac 5 25.4 1.9 1.9 0.2 15 1.8 4' 4.87 0.07 0.75 0.12 5 8.2 0.9
Rose 5 6.9 1.4 2.5 0.2 33 1.3 4 4.36 0.05 1.46 '0.0.7 5 8.5 0.8
Viburnum 5 46.4 1.3 8.9 0.9 27  0.5 4 5.42 0.07 1.48 0.03 3 8.8 0.3
Japanese : :
hongysuckle 2 66.9 0.3 5.1 1.8 48 1.% 1 %.9% 2.44
Black gum 1 29.4% 1.1 19 3 5041 0.9‘5

¥9
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tested'and‘a relatively high protein content (15.3%). Mapleb
fruit had the second highes: total phensl content (14.9%),
of all fqrages tested’and the highest protein‘¢ontént
| (19.7%)»of>all7fruits. -However, the MEvof‘maple fruit was
‘low (38% and 2.01 kcal/g)bdﬁe to a combinatioﬁ of low NDS
and high totél‘phenéls“

| The deciduocus ieaves of apple,'aspen;'aﬁd greenbrier
had ME values‘that ranged_from 51-55%;'Which‘was less than
most soft fruit flesh (Table 3.1). Howevef,bthe :élativeiy‘
high GE content of-deciduoﬁs leavés resultedﬂinvME (kKcal/qg)
values Similar to most soft fruit fleSh. 'MOuntéin laurel; a
woody. evergreen fofage, Had a lower ME‘(42%, 2.11 kcal/g)
than the leafy deciduocus forages and the highest:total
phenolvlevelb(ls.sz) of all forages analyzed. ﬁééﬁes of
Qoody plants tended to have higher P/E fatios than most |
fruits. -

Clover was relatively high in ME‘(57%, 2;57'k¢a1/g) and
had the.highést protein ¢ontent (29.1%)'ahd P/E fatio of.ali
forages analyzed (Table 3.1). Sampleé of mixed herbaceéus
leaves were similér'tO'clovér in both ME and protéin. The
P/E ratios for herbaceous lea&es were higher tﬁan most
fruits, woody leaves, ferns, some buds and twigs, and‘some
catkins. Christmas fern had the lowest ME of ;llnigafy
 forages. Christmas‘ferh‘contaihed a little more than one-

~half the ME (kcal/g) of the mixed herbaceous leaf samples.
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Ehe,MEvof-buds,andatwige (27-35%, 1-32-1,65»kcal/g) was
lower than all other forage clasees, wifh tﬁe exception of
Christmas fernvandrsome soft fruits-with_seedsu The‘protein
content and P/E ratios of buds and twigs Wefefvariable,ibut
moderately high. Totai phenol levels in bud and twig
samples were Variabie, ranging from 3.6Y% for cherry to 9.6%
for hazelnut- The ME of catkins (37-41%,‘1'82-2e06 kcal/g)
tended to be sllghtly hlgher than buds and twigs, but lower
than’ dec1duous leaves and some fruits. Blrch catkins (5.47
kcal/g) had the hlghest GE of all forages analyzed Phenol
levels in catkins were moderate. Mean protein levele ranged
from 11.S9% foribirchvcatkins‘to"14.7% for hazeinut oatkins.
Ratios of protein to energy in catkins were greater thahv:
fruits and 1eave5‘ofvwoody plants, but less than most
_ herbaceous leaves and‘somejbuds*ahd‘twigs. |

Analyses of and—Collecteg-Forages—wﬁvergreen‘Teaf
forag=—w had h&gher Tevels of total phenolsm(lz 5 16 3%) and
tannin phenols (6 5-7.8%) than all other forages w1th the,
exception ofvmaple fruit (Table 3.3). Mapleofrult contalned
an exceptionally high 16;4% tannin. all sOft'fruiﬁ flesh
contaihed <2% tannins. ‘Tannin levele in.greenbrier>aﬁd-
honeYsuckle leaves were less than in apple and bigtooth
aspenbleaves. Tannins in buds and twigs were variakle

ranging from 0.6% for aspen twigs to 4.3% for gquaking aspen
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Table 3.3. Percent neutral detergent solubles (NDS), total
phenols, tannin phenols, nontannin phenols, and
metabolizable energy (ME) of hand-collected winter forages
of ruffed grouse in New York or Virginia. )

Non-

: Total Tannin tannin
Forage?!, 2 NDS phenols pheénols phenols ME
Fruits _ ‘

' Apple '90.9 1.5 0.2 1.3 72
Grape 86.2 4.3 1.8 2.5 66
Greenbrier 77.6 6.6 0.1 6.5 - 56
Flowering dogwood 72.3 4.5 1.9 2.6 53
Multiflora rose 75.1 2.9 -1.6 1.3 57
Striped maple 60.8 18.3 16.4 1.9 31

Deciduous leaves :
Apple 77.2 9.8 1.3 8.5 53
Bigtooth aspen 70.5 10.2 4.3 5.9 47
Greenbrier 75.2 9.9 0.4 9.5 51
J. honeysuckle . 79.7 5.3 0.0 5.3 59
Evergreen leaves
Mountain laurel . 67.9  16.3 5.7 9.6 39
Trailing arbutus 62.7 13.0 7.8 5.2 37
Wintergreen 69.1 12.5 7.4 5.1 43
Christmas fern 64.6  13.1 6.5 6.6 39
Buds and twigs o
Yellow birch b. 44.7 8.3 2.9 5.4 26
Black cherry b. . 76.4 6.4 2.4 4.0 55
Quaking aspen lb. 44.6 7.7 3.1 4.6 26
Quaking aspen fb. 57.3 10.1 4.3 5.8 35
Yellow birch t. 52.5 8.1 1.8 6.3 33
Black cherry t. 52.3 - 8.3 3.7 4.6 33
Quaking aspen t. 65.9 6.3 0.6 . 5.7 46
Catkins .
Yellow birch 64.3 9.0 1.8 7.2 42
Gray birch 65.6 8.9 3.4 5.5 44
Speckled alder 65.4 11.4 1.5 9.9 41

'Values for soft fruits are for the fruit flesh only
(i.e. seeds excluded). : '

2Plant part abbreviations: b.=buds, lb.=leaf buds,
fb.=flower buds, t.=3-5 cm of twigs proximal to buds,
l.=leaves.
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flbwef buds. Tannin levels in catkins were low and within
the range of values for buds and‘twigs. | i

Total‘phenols)'NbS,‘ahd pfedicted ME values of selected <
forages from crbps and hand-collected samples were compared =
with paired-t tests to determine if nutritidnal |
characteristics of crop and hand-collected-forage sambles"
were different. Comparisons were made withbfruits of aﬁplé,
‘grape, greenbrief, flowering dogwood, rose, and_ma?le;
leaves of apple,‘greenbrier, and mountain laurel; Christmés
fern fronds; and yellow birch catkiné.' Buds and tWiQs were
not used in these comparisons because of unknown ratios of
buds to twigs ih crops. Total phenols and}NDé levels weré;
3.0 and 5.0 percentage units, reépecti#ely, greater (P€0,02),
in hand-collected sampiés than crop samples‘(Tablés 3.1‘and' 
3.3). Howevér,‘ME wasinét different (P=0.28) because -
differénces in Nbs and total phenols were nearly oﬁfsetting
(i.e. total phenols are subtractéd,from'NDS) in tﬁé‘ME
predictiqn equation.
Regional Foodbﬁabits
and Diet Quality

Georgia, North Caroling;,Yirginig?~Tﬁé,monthly changeé
in the foods found in thé'crops of grouse'from these three
states were similar (Table 3.4), with only a few notable

‘exceptions. Soft fruits made up 40~90%:of the crop coﬁtents
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Table 3.4. Continued.

Laavas
Deciduous Evergraen : ) o .
woody woody Harbaceous Hard - Soft Buds and Animal
No. of . plants plants plants ‘Ferns © fruits fruits twigs Catkins matter
crops with )
Honth food Freq. 7% Freq. Z Freq. 7% Freq. Z _Freq. Z Freq.. % Freq. Z  Freq. Z Freq. Z
Sep 4 . 1 12.7 0o o 1 0.7 0o o 4 21.9 2 64.6 o o0 o o 1 0.2
Oct 31 8 20.3 1 e.2 13 7.9 3 0.5 8 4.0 17 32.7 11 26.0 2 3.1 6 2.6
Nov - 20 [ ] 6 O 14 8.1 8 0.6 3 9.1 5 12.8 11  21.3 5 47.5 6 0.3
Dec ‘17 2 1.2 0 -0 12 7.2 3 o.8 i1 32.9 & '18.6 15 29.7 1 6.2. 5 3.0
Jan 14 1t 0o o 4 1.7 2 0.9 1 11.8 T4 42.4 9 37.1 2 5.2 o000
Feb 9 o o o 0 3 2.6 1 0.6 0o o 3 6.3 8 é62.2 4 28.2 3t
Hisconsin
Sep 27 2 0.3 0 [+] 2 0.3 1 t 10 72.7 11 19.7 1] [}] 1 0.8 1 -t ]
Oct 42 6 3.4 1t 22 6.3 5 1.3 6 16.2 13- 38.3 19 4.2 20 28.2 0o 0 . o
Nov 11 1 1.2 LU ] 10 22.1 4 2.2 ‘1 2.6 4 17.4 6 5.8 43.8. 1 % .
Scp 19 5 4.0 [1] 0 13 15.9 (1] 0 1 0.2 16 76.1 2 1] '] 3 0.9
Oct 2 0 o0 o o 1 1.5 0o o 1 .18.2 2 52.6 1 11.4 0 0 o 0
Nov 4 . 1] '] (1] /] 2 5.8 1] ] (1] 0 4 .54.9 0 [1] 0 [}] 1 0.1
Maing )
© Oct 178 80 25.5 . 1 t 9 10.3 9 t 59 - 15.8 69 25.6 65 8.1 50 11.7 19 t
Nov 19 4 1.9 1 0.2 12 6.4 1 t 7 29.4 16 55.5 14 5.0 1 t 5 t .
Dec 14 1 2.1 0o o 9 10.6 3 1.8 6 15.0 ‘5 4.0 12 27.3 5 39.0 2 t

1piffarence betwesn the sum of percentags;_ ins month:and 100% equale ‘iha parcentage of unidentifiad foods from crops.
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from November to January in all three states, except for
ggggg;zvin Georgia. In that month hard fruits were used
heavily in Geprgia (33.4%), Fruits of grape, greenbrier,
flowéring dogwood, and oak Wére the most commonly used
frﬁits {see Appendix Table 3.3 for data on species
composition of fOrages identified‘in,crops). In Ceorgia ahd
North Carolina, the leaves of evérgreen-wqoqy blants, ferns,
and leaves of herbaceous species tended to increase in crops'
as fruits decreaéed. Evergreeh‘ieaQes (93% and 56% mountain
laurel in Georgié and North Carolina, respectivelY) and
ferns (96% and 53% Christmas fern in Georgia and North
Carolina, respectively) made up 43.4% of the crop contents
in‘Georgia and 60.2% in North Carolina in February.  Buds
and twigs were more common in crop'contents from Virgihia_
‘than in those from Georgia and North Carolina.

ghe ME of crop contehts from Georgia increased as soft
fruits declined in importance and reached a high of 54-55%
and 2.4%9-2.56 kcal/g ih January when aéorns and herbaceous'
leaves weré the most common food items (Figures 3.1 and
3.2). In months when soft fruits composed >50% of,the crop
contents in Virginia and North Carolina,‘ranges-of monthly‘
ME egtimates varied from lows of 33-40% and 1.59-1.89 kcal/g
to highs of 3%9-45% and 1.77-2.08 kcal/g. In February, when

evergreen leaves and ferns were commonly eaten, the ME of
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diets in Georgia (48%, 2.26 kcal/qg) and'Nbrfh Carglina'
(44-457%, 2.03-2.10 kcal/g) were similar. The‘décline in
estimated ME ih Nbrth Carolina from November to Jénuary can
be attributed in part to the greater use of‘dogwdod‘fruit in
-December énd JanuaryQ' The seeds of dogwocod have a low ME
(12%). The low dietary‘ME during the fall in ali three
states is largely the result‘of the 1¢w ME of seeds of soft
fruits. However, the monthly ME values of the nonseed
portion of the crop contents were relatively high (49-57%;
2.26-2.65 kcal/g) énd‘ténded to remain fairly»ﬁonStant or
- decline slightly'from November to January’in Georgia, North
Carolina, and Virginia (Appendix Tables 3.4 and 3',.‘_5'),

Total phenol levels iﬁ crop contents increasédbfrom
November to January as a result of the‘dietary,shift from
sofp fruits which ére,low in phenols to evergreen.;eaves,
which>are high in phenols (Figure 3.3);‘ The 8.1% total
phenol levels found in Georgia and the 9.1-9.6%'leVel for
North Carolina in Eébruary were thé highest monthly
estimates for all states. Totai phenols‘were“<5% in
Virginia because scftvfruits‘predominated in fhe diet in all
‘months. | |

Protein (%) levels»;Figure 3.4) in crop contehts and
ratios of proteih to ME (Téblev3.5) were relatively similar 

-among months from December to February in all 3 states.



TOTAL PHENOLS (%)

75

107 i 10~ a
o] GEORGIA v o MAINE
6- v : &

4 4- o
2 ] 2
o @ 13 (25 (1'3) o (188) (18) (13)
S O N D J F : S O ND J F

101 101
g|NORTH CAROLINA o NEW YORK
6 o 6- |
& : e
24 2.: .
o {37) (35) (24) (22) a (4) (28) (18) (18) (12) (9)

S O ND J F S ON D JF

101 107
g VIRGINIA el WISCONSIN
61 6-

2.. . 2-
o {28) (44) (40) : o (18) (33) (10)
S O N D J F. S OND J F

101 101
o] WEST VIRGINIA o] - OHIO
6 6
4- 4 |
. | N
o — '*f’ ‘7’ @) ° e {3)_130)_(20) (30)

S OND J F » $ 6 N D J F

107 ’ 107 A

INDIANA : ' WASHINGTON
81 . 8+ :
6 6
4- 4
2 . 24
ol QM B (3 ol i @ @

T

S O N D J F

w
O
.z-
o
=
n

MONTH

Fig. 3.3. Minimum and maximum estimates of total phenols
(%) in foods from crops of ruffed grouse collected in ten
states from 1981 to 1984. Values are weighted means and
standard errors of weighted means. Number of crops analyzed
is in parentheses.



CRUDE PROTEIN (%)

76

24- 24, v
. GEORGIA
20- G 201 | MAINE
164 164

124 12
8 8-
4 us te (1 " (131) (17) (13)’

S O N D J4 F

244 24+
201 NQRTH CAROLINA 204 NEW YORK
167 161
124 124
8 ;::i::ijj% 8
a r .’ (28) (ze) (zz) (20) 4 ' E) (2|:) (1[5) “,6) (1‘1) (_?)
N D J F S O N D J F
24 24+ .
20 VIRGINIA 20 : WISCONSIN
16 i 164
12 v /‘\’ 127
s /1\1 o
4 L (3’5) (a,s) — 4 "1.” (zj& (?) B
S O N D J F : § O N D J F
24 24
20 WEST VIRGINIA 201 OHIO
164 ' 161
12 12+
8 8-
4 — "f’ u.s) ‘(s) 4 : @ (14) (10)
S O N D J F S O N D J F
201 WASHINGTON
16
124
8..

(16) (2) (2)
1 (- g T

S O N D J F

H

MONTH

Fig. 3.4. Minimum and maximum estimates of crude protein
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Table 3.5. Ranges of ratios of crude protein to metabolizable
energy (g protein/100 kcal ME) in foods from crops of ruffed
grouse collected in nine states between November 1981 and
February 1984. ’ E

State ~ Sep Oct Nov Dec Jan Feb
Georgia , 3.1-4.9 4.9-5.1 3.8-4.0 5.1
North Carolina 5.1-5.5 5.5-6.0 4‘9;5'5, 5.3-5.5
Virginia  3.3-6.6 5.7-6.0 5.5-5.9
West Virginia 7.2-7.64 7.3-8.0 3.8-5.5
Ohio |  3.7-64.7 4.0-4.9 5.0-5.1 6.8-6.9
New York 3.5‘ 7.2-7.3 8.5 10.6-11.2 5.2-5.4 . 8.4-8.5
Wisconsin 35.0-3.1 5.6-5.83 7.5-7.6 |

Washington 5.5-5.7

Maine 5.1-5.2 2.5 8.0
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February values for protein were 11.6% and 10.8-11.5% in
Georgia and North Carolina, respectively, when evergreen

leaves were the most common foods eaten.

New York, Wisconsin, Maine, and Washington-- In New
York, buds, twigs, and cafkins made up the major portion of
-the winter diet (Table 3.4). Birch, aspen, hazelnut, and
chefry buds occurred in relatively similar amounts except
for February when cherry made up 89% of the buds and twigs.
Yellow birch made up 79) of the catkins found in November,
whereas hazelnut made up 100% of the catkin forage class in
February. Apple and/or viburnum were the most common soft
fruits found in September and December. The 42.49% value for
soft fruit in January was largely the result of two crops
- that contained large amounts of viburnum fruit. Evergreen
leaves and ferns were found invonly trace ahounts (Table
3.4).

The ME in crop contents from New York declined from 58%
and 2.49 kcal/g in‘September to approximately 36Y% and 1.67
kcal/g in February (Figures 3.1 and 3.2). Phenol levels
were highest in November (6.39%) when maple seeds (14.9%
pheﬁols) were common énd in February (6.3-6.49%) when buds,
twigs, and catkins made up 90.4% of the diet (Figure 3.3).
Protein increased from 8.7% in September to >19% in December

and was low in January (Figure 3.4). The high protein level
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of December was largely the result of maplé fruit
(protein=19.7%), and the low level in January was the result
'] of the low protein content of soft fruit. The protein
content of the buds, tw;gs, and catkin diet of February was
relatively high (13.8-14.3%).

In Wisconsin; hard fruits (90% acorns) made up‘72.7% of
the crop contents in September (Table 3.4). Catkins and
'herbaceous leaves became more important in the diet as
fruité decreased. Hazelnut made up 76% of the catkin forage
class in October andv87% in November. Diétary'ME (53-54Y%
.and 2.70 kcal/g) was highest in September when acorns were
common in crops (Figures 3.1 and 3.2). Total phenol levels
decfeased sligﬁtly from September to’Novémber. Protein
levels in November (14.9-15.4) were nearly double those of
September (Figure 3.4). | |

‘ Soft fruits (687 apple) and deciduous leaves (857
"apple) were of equal importance (>25%) in the diet of grouse
in October in Maine (Téble 3.4). BHard ffuits (77%vacorn)
and soft fruiti(99% apple fruit) made up a total of 85% of
the crop contents collected in November,'whereas_buds,
twigs, and catkins were most important‘iﬁ December. The
catkin forage class in December was composed of 417 birch.

and 59% hophornbeam.
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The ME levels in crop contents from Maine increased
from 53% and 2.40-2.43 kcal/g in October to 67% and 3.00
kcal/g in November and then decreased to 38% and 1.86-1.88
kcal/g in December (Figures 3.1 and 3.2). The ME estimates
forvMaine in Novémber were the highest monthly estimates for
all states and the result of the presence of large
quantities of highly digestible apple fruit and acorns.
Both total phenol and protein levels decreased from October
to November as a result of the low levels of phenols and
- protein in apple fruit (Figures 3.3 and 3.4), but increased
again in December when buds and twigs were common in crops.
The greatest P/E ratiéé for all étates were found for months
When buds, twigs, and/or catkins were the primary forages
(Table 3.5).

A regional comparison of diet quality wasvmade for
crops collected within the stafe of Maine. The food habits
and diet quality of grouse that were known to have been
collected in northern forested areas of Maine were compared
with data for grouse known to héve been collected from more
disturbed habitats or agricultural areas of southern Maine.
Crops from the southern region came from the coastal
counties of Cumberland, Kennebec, Sagahahoc, and Waldo.
Crops from the northern region were from forested areas of

Aroostock and Somerset counties. Crops from the southern
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region contained mostly fruits in October aﬁd November;
whereas crops from the northern region had less fruit and
more buds, twigs, and catkins in October (Table 3;6). The
ME of‘the diet of grouse from northern fqrestedbhabitats in-
October (47%)’was>21 peréentage units less than the ME in
the southern region. Protein levels were high in October in
the northern region (17.4%) and in December in the southern
region (19.3%) whén leaves,.buds; twigs, ahd catkins made up
the majority‘of'the crop conterits. Protein leVels were
lowest in.crOps'collectéd in October (9.5%) and November
(8.3%) in the southern region when fruits1predominated.
Most of the cropsAfrom unknown’habitats'probably CAmé-from»
areas similar to the southern region bécause of ﬁhe
similarity of food habits data for the southerh region and
the overall state-wide collection. |
Soft fruits cohposed most fhevsmall number of crop
contents collected in Washington (Table 3.4). As a result,
total phenol levels were relatively low (2.5-6.4%, Figure
3.3), and ME values (39-55%, 1.70~-2.32 kcai/g) for the crOp
contents were similar to ranges of values for other crop

collections composed of soft fruits (Figures 3.1 and 3.3).

Ohio, West Virginia, Indiana-- In contrast to Georgia,
North Carolina, and:Virginia,'evergreen leaves were found in

few crdps from these east-central states. Ferns were still



Table 3.6.

Percent composition of foods in crops by forage class and the métabollzable energy and crude protein content

of foods from crops of grouse collected in northarn forested and southorn agricultural areas of Maine during the 1982-83

and 1983-84 hunting seasons.

. 1 . 2 2 Crudez
No. of Food habits ME ME protein
crops (2} (Kcal/g) (Z)
with : _ )
Month food DHL ENL HL - FN HF SF BT CA AM "X SE N X SE N X SE N
October 63 - 12.3 1] 23.5 0.1 20.7 4.4 13.6 19.4 ¢ 46 2.0 53 2.20 0.08 43 17.4¢ 1.3 44
Southern
Gctober 18 %4.5 .0 2.0 t 4.5 17.6 0.5 0.2 0.3 ‘67 3.3 17 3,17 0.05 12 9.5 1.5 13
November 12 0.9 0 10.6  © 12.4 70.1 3.7 0.1 0.1 63 2.6 12 2.66 0.16 12 8.3 3.3 12
Decembear 7 i‘r.ft 0 43.4 10.6 0.6 18.4 12.6 0 0.3 53 3.7 6 ‘ '2.30 0.14 5 19.3 0.8 6
1DNL =z]leaves of deciducus woody planis. EHL=leaves of evergreen woody plants, HL=leaves of herbaceous plants,

FN-Eerns, HF=hard fru1t, SF=soft fruit, BT=buds and twigs, CA=catkins, AM=animal matter.

Minimum and maximm estimates differed by less than 173 therefore,; only maximum estimates are reported.

Z8
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found in substantial quantities (>107%) in some mohths. Buds. .
and twigs were’utilized heavily in West Virginia, but were
found only in smail quantities in Ohio. |

In Ohio, soft fruits declined in imporfance during the
‘fall and winter, but still were the forage élass'taken in
- the greatest émognt in all months.(Tablé 3.4). Grape,
dogwood, and‘greenbriér were the most common fruits in
November and December, while rose fruit and to a.lesser
extent honeysﬁckle and suﬁéc fruit predominatéd invcrops in
January and February. Herbaceous leaveé-wére‘more common in
crops as fruits declined in January and February; Ferns |
- made up 12.6% of the crop contents in Ohio in February, but
evergreen leaves of woody plants were not found in crops.
Most crops were collected in southeast Ohio, and the high
use of fruits and leaves was conéistent with’a previous
report on food habits of q%ouse in that region of the state
(Stoll et al. 1980).

Dietary ME increased from Novembér to‘February in Ohio
as the influence of low digeSfible seeds of SOft'fruité
decreased (Figures 3.1 and 3.2). However, monthly'ME values
for the nonseed crop bontents remained‘stable (56-8607%,
2.51-2.66 kcal/g) from No&ember to February (Appendix Tablés
3.4 and 3.5). Total phenol levels were low (<4%) as a |

result of the high use of soft'fruits {Figure 3.3). Protein
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levels increased substantially from November to February
(Figure 3.4) as levels of high protein herbaceous leaves
increased in the diet and to a lesser degree the late winter
use of rose fruit, which has a higher protein content than
grape and greenbrier fruit. The P/E ratio in Ohio in
February also was greater than ratioé in Georgia and North
Carolina because of the low use of low protein evergreen
leaves and the high use of high protein herbaceous leaves in
Ohio (Table 3.5).

In West Virginia, buds and twigs occurred in the
majority of crops and made up over 50% of the crop contents
in December and January (Table 3.4). Cherry spp. hade up
90% of the buds and twigs in December, while birch spp. were
the most common buds (85%) in January.  Greenbrier, Qrape,
viburnum, and dogwood made up a total of 86% of the fruits
in crops in February. The shift in the cfop contents from
buds and twigs of birch and cherry‘in December and January
to soft fruits in February was likely due to differences in
monthly collection locations. Most crops collected in
December and January were from grouse taken in Preston and
Randolph counties, which are located in a high elevation,
northern hardwood forest type (Shrauder 1984). All crops
from February were collected in Monongalia county,

characterized by the more common mixed oak/hickory forest
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- type. Dietary ME in West Virginia was relatively low in
Deeember and January (34-39%, 1.56-1.91 kcal/g) as a result
of the low MEvof buds and twigs (Figures 3.1 and 3.2). The
ME levels for February were similar to estimates for high
fruit diets from more southern states. Protein estimates
ranged from 11.2-14.1% in December and January and were
lower in Februarye(Figure 3.4).

Soft fruits (66-100% dogwood) made up nearly all of the
cropbcontents collected from October to December in Indiana
(Table 3.4). As in southeastern states, ME (27-39Y%,
1.40-1.86 kcal/g) and total phenols (0.6-3.0%) were low when
soft fruit use was high (Figures 3.1, 3.2, 3.3), but the |
monfhly ME wvalues for the nonseed fraction of the crop
contents was high and declined gradually from 567 and 3.13
" kcal/g in October te 46%'and 2.38 kcal/g in January

(Appendix Tables 3.4 and 3.5). |
Carcass Fet of Grouse
“from Norttharolina

There was not a difference (P=0.40) nor a consistent
trend in predicted eafcaee fat between adult and jﬁvenile
ruffed grouse (N=118) collected in North Carolina and no
significant interactions (P>0.10) among age, sex, and month;
therefore, carcass fat data of adults and juveniles were

pooled within sex in Table 3.7 because of small sample sizes
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Table 3.7. Predicted carcass fat (%) levels of 118 ruffed
grouse collected in North Carolina from November 1981 to
February 1984.

Females , - Males
Month p:3 SE N R SE N
November - 9.3 1.0 25 8.5 - 0.7 18
" December 13.2 1.7 22 3.8 1.2 20
January 9.7 2.2 8 9.1 1.5 12

February 9.8 1.7 9 5.0 1.3 4
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"in some months. However, conclusions concerning age effects
must be'made with caution because of the potential for
errors in age determiﬁation.' Female grouse.had higher
(P=0.04) predicted carcaés fat levels than males. There wés
-a_marginally significant difference (P=0.058) among months.
Mean values for both males and females tended t§ increase

,from NoVember to December and decrease after December.

DISCUSSION
Forage Quality

Analyses of forages from crops was a satisfactory
method of collecting information on forage quality. Total
phenols and NDS in forages from crops were slightly less
than those of hand-collected forages; however, because both
NDS and total phenol levels in forages decrease in crops,
i.e. phenols are components of NDS, the effects on ME
estimates were minimal (see Chapter 1). Lower levels of NDS
and total phenols in crop contents may have been the result .
of grouse sélecting forages lower_in phenols, the oxidation
(loss) of phenols in the crops of the live grouse, or the.
oxidation c¢f phenols as a result of freezing and thawing of
crop samples during shipment (see Chapter 1). Some amount:
of phenol loss may be inevitable when crop samples are used.

Even though total phenol levels in samples from crops

tended to ke less than in hand=collected forages, relative
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differences between forage types were consistent. For
example, soft fruits had the lowest total phenols and laurel
leaves and mapie fruit had the highest total phenol levels
in both crop and hand-collected samples. The only
significant exception was Christmas fern. Two crop samples
of Christmas fern had substantially lower NDS and total
phenol levels than hand-collected samples. However, based
on the overall consistency in total phenol levels of crop
and hand-collected samples, the monthly trends in total
phenols in crop contents are representative of trends in
grouse diets except that absolute levels may be
underestimated.

Only the ME of apple fruit was substantially lower (9
percentage units) in crop samples than in hand-collected
samples; however, the apple_fruit in crops typically
contained large amounts of the fruit epidermis, which may
.have been the cause of the lower NDS levels in those
samples;

Protein levels in hand-collected forage samples were
not measured for comparison with crop samples; however, the
-protein levels of forages from crops agreed closely with
previously reported data for the same or similar species.
The medium protein levels for catkins (11.9-14.7%) found in

the present study are similar to reported values for
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hazelnut (15.0%, Triechler et al. 1946; 15.2%, Huff 1970),
alder (16.6Y%, Triechler et al. 1946), and yellow birch
(14.4y%, Bump et al. 1947:846). The variability in the

‘ protein content of tree buds also is consistent with
literature reports. Reported protein values range from lows
of 7.8%, 8.0%, and 9.3% for serviceberry buds (Triechler et
al. 1946), apple buds (Huff 1970), and yellow birch buds |
(Triechler et al. 1946); respectively, to highs of 10.1% for
yellow birch buds (Bump et al. 1947:846), 11.4-12.9) for
quaking aspen floWer buds (Hill et al. 1968, Huff 1970,
Doerr et al. 1974), 14.0% for willow buds (Doerr et al.
1974) and 18.4% for black cherry buds (Bump et al.
1947:846). -Specific comparisons of these data with
estimates for buds and twig samples from the present study
were not possible because of the unknown ratios of buds to
twigs in crops; however, protein levels in crop samples were
generally in the above range.

Mountain laurel leaves, the only evergreen forage for
which protein was measured in fhe present study, contained
QfZ%,protein. This low value is similar to the 9.9 and 8.2%
mean values reported for mountain laurel leaves collected on
burned and unburned forest stands, respectively, in Géorgia
{Thackston et al. 1982). Triechler et al. (1946) similarly

found low protein levels in leaves or fronds of mountain
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laﬁrel (8.1%), wintefgreen (6;1%), trailihg arbutus (9.2%),
Christmes fern (10.3%), partridgeberry (8.47%), and galax
(9;2%), all evergreen epecies. ‘

High protein levels have been reported for some
herbaceous fofages used by grouse. Bump et al.
(1947:846-847) reported that protein levels of clover and

v/dandelion leaves were 17-24% and 25%, respectively. Protein
\ levels of mixed herbaceous leaf samples analyzed in the
present study were within this range.

Concern about amylase contamination in crop contents
and the potential effects on measured protein levels
prompted some researchers in the past to correct crude
protein values of forages from crops for nitrogen
contamination (Moss 1972, Doerr et al. 1974). However, the
close agreement between protein levels in crop samples in
the present study and protein values found_by other |
researchers for hand-collected forages indicates that
nitrogen contamination generally was not a serious problem.
Also, the wide range of protein levels found in foraQes from
crops indicates'that contamination was not sufficient to
mask differences between forages. Doerf et al. (1974)
corrected protein data a small amount by substracting a
constant 0.1 percentaee unit from crop content nitrogen

values prior to calculating protein. A constant correction
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does not seem justified because contamination in crops is
likely influended'by the type of forage, the amount of
forage in the cfop, and fhe length of time the material is
in'theFCrop. |

In conclusion, leaves of evergreen wqody plants appeaf
to be the pooreSt qﬁality forages for ruffed grouse because
of low ME and prdtein'levels and high total and tannin
phenol levels. Buds and catkins also have a low ME content,
but in comparison to evergreen‘lgaves they are higher in
protein and lower in tannin phenols. Only herbaceous leaves
contained high ME and prbtein'and'low levels of phenols.
Soft fruit flesh was high in ME and low in protein and
phenols. HoweVef, the ME of seeds‘of soft fruits was low.
| This information is useful for defining forage claéses
in future grouse food habits and nutrition studies.
Optimally, all'spedies in a forage class should be similar
in chemical compésition and, therefore, in nutritionai
quality. In the past,vresearchers‘in the Southeast have
'classified fdrages’in grouse crops as lééves of woody
plants, herbaceous leaves, spft fruits, or hard fruits.
Leaves of evergreen:woody‘plants clearly should ke
 partitiQned into a éepargté forage class because of their‘
high tetal and tannin phenol levels. Christmas fern, a

common winter forage of grouse in the Southeast (Stafford
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and Dimmick 1979, Seehorn et al. 1981) is usually classified
és an herbaceous plant; hqwever, Christmas fern is similar.
in quality:to evergreen leaves cf woody plants. Data on
igéividual herbaceous spécies were not ¢ollected in the
present study; however, separating the herbaceous leaf
fofage class into eQergfeen and nonevergreen forbs may be
justified._-For example, galax, by definitionba herbaceous
forage, is low in protein (Tfeither’et al. 1946) and high
in tannin phendlé (see Chapter 5). .Galéx was not identified
in crops in the present étudy, but has been reported |
previously (Nelson et al. 1938).

Of the many forages used by fuffed‘grouse in winter,
only aspen-buds have received extensive study in the pést'
(Hill et al. 1968, Huff 1970, Svoboda and Gullion 1972,
Doerr et al. 1974). Quaking aspen flower buds are believed
~to be highly nutritious for ruffed grouée énd greater iﬁ
nutritional quaLity than other buds and catkihs (Gullion
1866, Gullion 1970, Svoboda‘and Gullion_i972). Only one
crop containing sufficient éspen flower buds (épecies
unidentified) for separaﬁe analyses was obtained in the
| present Study. Bésed on the dafa for this crop sample, thé
data on the hand-collected quaking'aspen flower buds, and
the reports in the literature; the nutritional guality of

aspen buds does not appesar to be substantially greater than
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other buds and twigs or catkins. The ME and protein levels
of aspen floWer‘budsvwere within the range of values for
other buds and catkins, and tannin levels in aspen buds were
higher than in cétkins and most other buds.

>“Other‘data corrbbbrafe the obsérvatidn that aspen
flower buds are low in ME. Huff (1970)-found that aspen
.flower buds ¢ollected from trees that were known to be fed
~on by ruffed grouse had an acid detergent fiber (ADF)
content of 51Y%, which‘is equivalent to 499 acid detergent
solubles (100 - ADF). A forage with a NDS,content‘of 49%
and total phenols of_O% would have a predicted ME of 40%.
However, NDS is always less than ADS in forages, and the
total phenols in the buds collected by Huff (1970) were
likely greater than 09%. Therefore, the predicted ME of the
aspen flower buds‘collected by Huff (1970) would bé less
than 40% and in the range of ME values of other buds and
twigs and catkins. Also, Svoboda”and‘Gullion (1972) noted
that ruffed grouse consume large amounts of aépen buds dailyi
during the winter. A‘high intake alsoc is indicative of a
low energy foodt -Any nutritional advantage for érouse
feeding on aspen flower buds may simply be.the‘result of the
large size and relatively high accessibility of this forage.

(Svoboda and Gullion 1972).
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Regional Food Habits
and Diet Quality

Food Habits--In general, food habits data were
consistent with previous'reporfs. Nearly all studies in the
Southeést have noted a high’ﬁse of fruifs; however, the
- measured use has been variabie (Stafford and Dimmick 1979, -
Seehorﬁ et al. 1981, Norman ahd Kirkpatrick 1984). The”low
use of buds and ﬁwigs and the high use of gyergfeen leaves
in winter>in the Southeast also has beén répofteav(stafford
and Dimmick 1979, Seehorn et al. 1981). However, these‘
earlier reports did not partition evergreen speéies’
separately in food habits analysés; Smithr(1977) found thaf
laurel leaves ﬁade up'3i}2% of tﬁe volumeﬁof foods'from 83 |
crops collected in Georgia from November tq Febrhary; and
leaveé or fronds of‘iau#el, Chrisfmas fern,‘trailihg'
arbutus, and rhododendron (all evergreen species) made-up a-
total of 487 ofvthe volume of alliérop contents.  This level
of evergreeﬁ”leéf'uée was‘greaéer than ievels‘of'usé found
in Georgia and North Carolina‘cfop coilections'in the
present study. »

| Use of budsqu bléck cherfy, yellow birch, and haielnut
and catkins of yellowvbirCh, hazelnut, and hophornbeam by
:grouse collected in the present sfudy,was genéraily,
consistent with previous reported usagé; (Brown 1946, Bﬁmp

- et .al. 1947, Vanderschaegan 1970, Woehr and Chambers 1975);
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however, the low use of aspen buds in northern states was
unexpected based on previous repbrts (Darrow 1939, Kittamv
1943, Brown 1946, Bump et al. 1947, Vanderschagean 1970,
Doerr et al. 1974). The highest recorded use for aspen buds"
in the present study was 14.2% for 19 crops collected in
December in New York. Crop contents collected‘later in the
winter in Maine and Wisconsin may have ¢ontainéd more aspéﬁ;
however, the time of collection was not the soIe reasonvfor
the absgnce of aspen buds in samples. High use oflaspen
buds in October has been pfeviously reported (Bro#n 1946,
Stollberg and Hine 1952). Svoboda and Gullion (1972) stated
that male ruffed grouse in_Minnesota were‘eating primarily
-male aspén f10weribud$ by the end56£10ctoﬁe;; Also, bﬁds
and catkins of other species were found in large quantities
in crops of grouse in the fall and early winter in the
present study-and presumably aspens could have been fed upon
as well if they were available.

Metabolizable Energy.--In the Southeast, gfouse were
consuming large amounts of poorly digestediéeeds of soft
fruits during the fall. As a result, there was a pattern of
increasing dietary ME during the fall as soft fruit use
ng;;ned. However, despite their low ME content, soft fruif
diets in the Southeast are apparently energetically.adequate

for ruffed grouse. Norman and Kirkpétrick (1984) found that



body fat levels of ruffed grouse in Virginia‘were high in
early fall when hard and sdfﬁ'fruits made up the majority of
’ fhe diet and fat levels increased further’in the:early H
winter when soft fruits compriséd a majority of their diet.
Predicted carcass fat levels éf the ruffed grouse used for
food habits analysis in North Carolina also tended to
increase from November to December when soft fruits made up
the majority of the crop contents and the ranges of w
estiméted dietary ME were low. Maintenance or accumulation
of body fat by grouse on dieté of soft fruits‘in Virginia
and North Carolina suggests that these diets are
energetically adequate. Monthly ME values for the nonseed
portion of the crop contents were relatively high and stable 
during November-January in Georgia (55-57%), North Carolina
‘(49-53%), Virginia (49-57%), and Ohio (56-60CY%) when soft
vfruit use was high (Appendix Table 3.4). The ease of
foraging on highly clustered fruits such as grape,
greenbrier, and rose, and the high digestibility of fruit
flesh probably offsets the concomitant ingestion of
sﬁbstantial guantities of poorly digested seeds.

Diets of buds, twigs, and catkins of grouse in northern
states tended to have a lower ME content than diefs of
predominately evergreen leaves and ferns in southeastern

States; For months in which buds, twigs, and catkins made
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up >50% of the crsp conténts in New York (November and
February) and Maine (December), ME estimates ranged from
35-38% and 1.62-1.95 kcal/g. . The lowest ME estimate
(35-36%, 1.62-1.67 kcal/g) for these samples was found in
February in New York Qhen the crop contents sontained 62.2%
buds and twigs and 28.2% catkins. Alss, ME estimates for
crop contents collected in West Virginia in December (66.4%
buds, twigs, and catkins) and January (55.1% buds, twigs,
and catkins) had a similar range (34—39%, 1.56-1.91 kcal/g).
The predicted ME values for November in Wisconsin (42-44Y%,
1,96-2.04%), when use of buds and twigs was low (5;6%),aﬁd
- catkins made up 43.8Y% of the crop contents, was slightly
greater than the above ranges.‘ In sontrast, dietary ME in
February in North Carslina (44—45%, 2.03-2f10 kCal/g) and
Georgia (489%, 2.26 kcal/g) tended to be highe: than the
estimates for diets 6f buds, twigs, and catkins in the North
with the exception of Wisconsin.

The nutritional significance of this regional
diffefence in dietary ME in wintér is difficult fo evaluate
because little is known about ruffed grouse enérgetics and
foraging ecology. Reports of ruffed grouse subsisting
primarily on a diet of buds, £Wigs, and cstkins in the
winter in the nofthern region are humerbus (Brown 1946, Bump

et al. 1947:215, Vanderschaegan 1970, Woehr and Chambers
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1975). The fact that gréﬁse populations reach their highest
densities in this part of their ranée suggests that gfbuse
.are well adapted'to low energy winter diets. |
Phenois.--Totalvphenols tended to be greater in
evergreen leaf diets of the Southeast (February) than in
bud, twig, and»caﬁkin‘diets“of the Ndrth. More impprtantly‘
it éppears likéiy that tannin phenols may be substantially
bhigher in diets of grouse in the‘Soﬁtheast because evergreen
leayes‘Were found td‘bé»¢onsistently:ﬂigheriin tannin
phendls than buds, twigs, andvcatkins.‘ Tannins.are toxic to‘f:
a variety of animal spediés (McLeod.1974, Lindroth and
Batzli 1984), and many effects of tannins occur at low
dietary levels. Tannin levels of 1) reduce growth rates in
chickens (Armstrong et al. 1974, Fuller et ai.:1967).
Lindroth and Batzli (1984) reported that quebracho, a
condensed tannin, fed at 1% of the diet inhibited feeding
and resulted in the death of prairie voles. These authors
also found that guercetin (a flavonoid) and tannic acid (a
hydfolyzable tannin) added to diets at 3% levels reduced
growth rates of voles on low protein diets. Tannin phenol
levels in évergreén leaf forages (6-8%), théfeque,'are high
enough to potentiaily haveian effect oﬁ grouse nutrition. |
Peaves of mouﬁtain‘lau:el and related speciéé ére known

to be toxic to many species, including man, when eaten in
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large quantities (Hardikar 1922, Waud 1940, Kingsbﬁry 1964).
The toxin, apparently present in thébresih of leavés and
twigs, is a diferpénoid grayénotoxin, alsolknown as
andromedptoxin and acetyandromedol (Sukata et‘al. 1877,
Mancini ahd Edwards 1979, Sakakibara et al, 1979). Symptoms
. of poisoning include vomiting, slow pulse, convuléions,
paralysié, and death‘in'some instances (Hardiker 1922, Waud
1§40), ”

The effects of this toxin on wild vertebrate herbivores
has received little study; Fdfbés and Bechdel (1831)
reported’that a single force—feeding of dried, ground
mountain laurel 1eaves to a white-tailed deer at a rate of
1.75% of body-weiéht resulted in death (unspecifiéd tiﬁe).
A second deer force-fed‘laurel at a rate of 1.29% of body
weight was in critical condition within a few hours, but
recovered a few hours later. Both deer exhibitéd symptoms
6f éndromedotoxin poisonihg. Deer provided with diets of
“either fresh laurel or rhododéndron leaVes for 45 days in
February and March after beiﬁg allowed to eat both species
free-choice for 49 days while on a grain diet reportedly
‘became thin and weak. The authors believed insufficient
intake was the cause;vhbwever, intake was not recorded. ‘
Bump et al. (1947) attempted to maintain two captive ruffed

grousé on a diet of mountain laurel leaves after allbwing'
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them to free;y supplement their normal daily ration with

. fresh laurel leaves for & weeks. Both birds died
(unspecified time), apparently'from malnutrition on the 100Y%
laurel diet; noweVer,:the authors presentedtinsufficent
information to fully evaluate the experiment.' During the
present study, four captive ruffed grouse were maintained
for 2 weeks‘on a mixed diet consisting of 30% dried, ground
mountain laurel leaves and 70y commercial feed (maintenance
diet described in Chapter 1) without ill—effects or -
significant body weight changes (unpublished data). Captive
grouse also were fed a diet containing 50% dried, ground
laurel leaves for 7 days in metabolism trials (see Chapter
1); however,lbirds'fedﬁced intake and did not maintain body
weight (Appendix Table A.1l). These toxins apparently can be.
‘tolerated at low to mecderate levels of intake. Although thev
experimental evidence is weak, the fact that high intake of
laurel can cause mortality in white-tailed deer poses
gquestions as to the adequacy of laurel as a long-term winter
food resource for grouse.

Protein.--Protein levels in bud, twig, and catkin diets
in New York, Maine, and Wisconsin (range: 13.8-16.7%) tended
to be greater than those in late winter diets of primarily
evergreen leaves in Georgia (11.6%) and North Carolina

(10.8-11.5%). This regional difference is consistent with
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the high proteiﬁ levels 6f buds and catkins and the low
levels in evergreen leaves déscribed eérlier. Also, ratios
.of protein to energy generally were lowest in soft fruit
diets and highest in bud, twig, and catkin diets. DMonthly
~ crop samples from northern states containing ?SO% buds,
twigs, and catkins had P/E ratios 40-69% greater than
February diets in Georgia and North Carolina, suggesting
that prdtein intake in winter is sﬁbsténtially higher in
norﬁhern areas. The higher P/E ratios in northern states
are due to a combination of greater dietary protein and less
dietary ME than found in diets in the Southeast.

gighrtannin levels in diets in the Southeast’may
vfurthér_wideh the differences in the protein availabie»in'
ftypicai winter diets in the North and Southeast. Protein -
digestibility is reduced by dietary tannin in the chicken
(Nelson et al. 1975}, prairie vole (Lindroth and Batzli‘
1984), and snowshOe}hare (Sinclair et al. 1982). High
tannin levels in late winter diets in the Southeast may
reduce protein digestibility, » |

Lindroth and Batzli (1984) reported that quercetin and.
ténnic acid reduced-growth rates of‘voies only whén théy
were fed in combination with low protein (8Y%) diets. If
there is‘an interaction between dietéry protein and tannins

in grouse nutrition, the combination of low protein and high
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tannin levels in evergreen leaves would have the most
detrimental effects on grouse; whereas the éffects of
tahnins‘in_buds and éatkins may be partially reduced by the
higher protein levels of those forages.

Beckertoh and Middleton (1983)vsuggested that a diet
containingVS.éS kcal/g and 11.5% protein was probably
adequate for maintenance of nonbreeding ruffed grouse. Such
a diet has a calculated P/E ratio of 3.33g/100 kcal ME.
Winte: diets in the Southeast had greater P/E ratios than
the above recommended maintenancse ievel. iowever, direct
co&?arisons of ?rotein estimates for natural winter diets
and the protein requirement estimates of Beckerton and
Middleton (1983) may not be possible because tannin levels
in natural diets likely reduce protein digestibiiity to an.
unknown degree.

While useful for comparing food habits and diet
quality, monthly estimates of diet qguality made from
analyses of crop contents may not be indicative of the
variability of diets of grouse populations.. Hunters
probably concentrate efforts in better grouse habitats
because of the greater nuﬁber of birds available.
Therefore,'mean nutritional values of crop contents may be
most representative of diets in adequate habitat. .Féods

from marginal habitat may be under-represented. In



103

addition, statewide 'average' diet quality values are
probably somewhat misleading. Even though many forage
classes or species were often represénted in late winter
crop collections, individual grouse probably have diets that
are less diverse. For exémple, evergreen leaves made up 449
of the crop contents in February in North Carolina, but it
is likely that some proportion of the groﬁse population was
utiiizing greater quantities of these leaves.

| To determine the potential regional variation in diet
quality in winter, it is necessary to examine the diets of
grouse shifting completely to late winter forages of buds
and catkiné or evergreen leaves. In general, the
nutritional quality of buds, twiés, and catkin forages
(Tablés 3.1 and 3.3) are similar to monthly estimates of the
quality of diets containing >507 buds, twigs, and catkins in
Maine, New York, and Wisconsin. Therefore, a complete
diétary shift to buds, twigs, and catkins would have little
effect on late winter diet quality estimatés in the North.
In contrast, grouse subsisting on evergreen leaves in the
Southeast would have diets lower in ME and protein content
and greater in total phenolsv(and 1ikely tannins) and
grayanotoxin lévels than 'average' Februéry“diets in Georgia
and North Carolina. Therefore, eVergreen leaf diets have ME

levels similar to.winter diets in the North, but exhibit
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greafer“differenceé ih‘ﬁhenols:ahd prbteiﬁ‘;eVels with
northern diets than did Fébruéry dietstinvGeorgia-and North
_Caroliné. |

In conéiusibn, gfouse in the Southeaét, éspecially
thqse utilizing evergreen leaves, appear té have poorer
guality winter diets than horthern‘grouseﬂpqpulations.
épecificaily, eVergreen leaf diets are low in protein, and-
‘protein a&ailability-is likely further depressed by high '
’iievels of tannins. In addition, high tannin levels may have
detriméntal physiologiéal‘effects, and mountain laurel, the
most commonly utilized~evergreen forage, cbntains’a
,potentiai toxin. Regional differehéés.in dieta?y
metaboliéable energy appeared insignificant. |

_Wh}le‘direct mortélity of grouse in the Southeast
because éf poor nutrition or pdisbniﬁg éeems'un;ikely, much
‘additional energy may be spent by grouse to bUffer'diets of
._eVergreen leaves with less abundant herba¢éousvleaVes and
fruits during winter. The resulting increase in foraging
activity also may"ihcrease susceptibility to p£édafion.
Alternatively,'grouse may eat at subméintepance levels for
shorffperipds_during ﬁhe late winter in anveﬁfort to avoid
cdﬁtinuous high intake‘cfvevergreén leaves,

Poor-nutritiohvin late wintef:may ﬁavé detriméntal

effects on reproduction the following spring as in ring-
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necked pheasants (Phasianus colehicus) (Gates and Woehler
1968) and eastern wild turkeys (Meleagris‘gallopayﬁ) (Porter
et al. 1983). Reproductive organ recrudescence begins in
the latter part of March (see Chapter 4) immediately after
the period when diet qualiéy is the poorest inrthe
Southeast. Dietary protein has been shown to have an
important influence on ruffed grouse reproduction (Beckerton
and Middleton 1982), but whether low proteinblévels in late

winter can affect reproduction in the spring is unknown.

Carcaés Fat

Predictéd fét levels of grouse collected}in January and
February in North Carolina were similar to the low levels of
eight grouse collected in the same months in Ontariq by
Thomas et al. (1975). However, fat levels from November to
February in North Carolina tended to be less than fall and
winter mean values of grouse collected in Virginia between
March 1979 and January 1980 (Norman and Kirkpatrick 1984).
Mean carcass fat levels in winter for male (N=5) and female
(N=5) grouse from Virginia were 13.6 and 19.0%,
respectively. The food habits of grouse collectéd by Norman
and Kirkpatrick (1984) contrasted sharply with the food
habits of grouse coilected in North Caroclina in the present
study and may explain the differences in fat levels. The

crops of grouse from Virginia contained 50-65) hard fruits
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(primarily acorns) in fall and 187 in early winter. Crops
of grouse from North Carolina contained less than 9% hard
fruits in all mohths. The a&ailability §f highly digestible
acorns in tﬁe early fall may have been responsible‘fgr the
higher fat levels found in Virginia.

Previous studies had>not found differences in the fat
content of male and female grouse at ény time of the year
(Thomas et al. 1975, Norman and Kirkpatrick 1984). Fat
levels of females were slightly greater than males in North
- Carolina in the present study. 1In a study'on fat.levels of
.ruffed grouse during the breeding season in Virginia (see
Chapter 4), it wés found that male grduse had substahtally
lower fat levels than females. It was suggested tﬁat males 
may forage less during the breeding season because of an
increase in time spent in territorial defense, or a strogg
attachment to a territory,may'limitAfood availability. Male.
grouse remain closely associated with.drumming logs and
activity centers most of the year, and drﬁmming does occur
.during the fall (Gullion 1967). Factors responsible for the~
low fat levels of males in the spfing breeding season in
Virginia also may have been the cause of lower fat levels of

males in North Carolina in the fall.
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Food Availability
in the Southeast

Regional differences in forest composition largely

account for the differences in food habits. Trees suitable
for budding are relatively rare in the predominatély oak
forests of the southern Appalachians. When fruit supplies
dwindle, grouse must switch to either evefgreen leaves,
herbaceous leaves, or persistent deciduous leaves.
Greenbrier is the most commonly utilized deciduous leaf
in the winter in the Southeast (Stafford and Dimmick 1979,
Seehorn et al. 1981). In the present study, greenbrier
leaves made up 30% of the crop contents collected in
February in Georgia. However, in Virginia, most greenbrier
leaves have typically turned brown by late January
indicating that greenbrier leéeaves are not an abundant and
reliable winter food resource. Honeysuckle leaves, like
greenbrier, are relatively high in ME and low in tannins and
may be a high quality winter forage for ruffed grouse.
Stafford and Dimmick (1979) reported high use of honeysuckle
leaves by grouse in thebcreat Valley region of‘Tennessee.
However, honeysuckle leaves apparentlyAare not common in
forested habitats occupied by grouse in the Southeast as
evidenced by their reported low use in other southeastern

states (Smith 1977, Seehorn et al. 1981) and in two regions
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0£>Tennessee (Stafford andvDimmick 1979). Therefore, it is
qgestiohable Whether theré are sufficient quantities of
greenbrier and héheysucklé leaves available to sustain large
grouSe populations during the winter period in the
Southeast.

The energetic cost of foraging for small, widely
dispersed herbaceous forbs in forest habitéts may limit the
éOntribution of‘this forége class to the diet of grouse.
"Harlow et al. (1975)>estimated that avéilablé herbaceous
forbs in the Broad Run Wildlife Reéearch Area in
southwestern Virginia in December ranged from 0.1 kg/hectare
in mature oak-pine stands to 0.5 kg/hectare in 7-year old
¢iearcuts. It éeems unlikely that grouse cpuld_forage
efiiciently on fbods that were so low in abuﬁdan;e,'widely
'1‘dispersed, and partially hidden by ieaf litter. Mean time
épent feeding on buds and twigs durihg a feeding périod’ini
northern habitats is low, ranging from 16-24 hinutes
.(Svoboda and Guilion 1972, Doerr et al. 1974);iand budding
© primarily occurs just pfior to.sunrise and just éfter sunset
.(Doerf et al. 1954). The_ébility to forage quickly may be
important for winter survival.

With declining supplies of deciduOus leaves and -
herbaceous forbﬁvin‘forested;habitéts in winter, grouse in

the Southeast probably have little alternative to utilizing
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~evergreen leaves. Evergreen leaves are appafently‘avoided
in the fall and early winter because they are little
‘utilizedvuntil'léte winter when supplies of other forages
havé diminished. The reason for the high use of mountain
laurel and ChriStmas‘fern and the low usé of abundant
wintergreen and tfailing arbutus leaves is unknown. All
have similar ME;_protein, and tannin levels. Galax, a
- common herbaceous evergreen species in the Southeast_(ﬁarlow
et al. 1975, see Chapter 5), also is simiiar in-the above
nutritional characteristics (see Chapfer 5), but is rarely
found in crops}- Tannins differ widely in their size,
structure, tdxic, and antinutritional qualitiés (McLeod
1974), and a variety of other types of plant toxins exist
(Rhoades and Cates 1976), which may account for the above‘
differences in forage_preferencés. ' |

Gullion (1966) suggested that information on fall fodds
of ruffed grouse was meahingless because these forages were
taken during a period of food abundance.' However, fall
foods, especially fruit supplies, may have'an'imﬁo:tant role
in the ecology of ruffed grouse in ﬁhe»Souﬁheastg ‘In the |
present study, fruits made up‘>45%.6f the diet of grouse
collected in Georgia, North Carolina) and Virginia from
November to January. Substantial new grdwthVOf herbadeous

plants begins in mid'td late Mar¢h in Virginia, which means
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that there is approximateiy a 6-week'period>(1 Feb to 15
Mar) when grouse a:e utiiizing low quality evergreen leaves.
waever, fruit production can be highly yariable»among
years. Poor fruit production that resultS‘in significant
declines in fruit availability by the end of December wouid
nearly double the length of time grouse would have to
subsisﬁ bn altefnative‘forages (evergreen leaveé) hiéh in
tannins and low in protéin. Smith (1977) found;high use of
evergreen ‘leaves in both late fall and eariy.wiﬁter (Dec~-
Feb) in Georgia (no seaédnal'differeﬁces).when fruit use waé'
low (1%'Qf crop“céntenfsj, which is consistent with.the

above hypothesis.

CONCLUSIONS

Whereas a lack ofvcontinuous sﬁow cover in:the
Southeast wouid~seem>févofable to ruffed grouée from the
standpoint of food availability, it is not neéessarily true
“that grouse ip the Southeast have ready éccess~to adegquate
fﬁod supplies as hés recently'been suggested by Gullion
(1984). Compared to the buds and catkins utilized by
northern grousekpopulations in léte winter, the evergreen
leaf forages utilized in the Scutheast are of queéticnable
) qgality because of low protein'levels, high tahnin levels,
and, in some instances, the presence of poténtially toxic

compounds. When catkins are abundant in winter, northern
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grouse populations have available a medium to high protein,
low tannin diet that is probably sufficient in metabolizable
snergy. In addition, buds and catkins remain available
(unless eaten) the entire winter, and grouse probably have
little competition from other wildlife for these forages.
The likelihood of high foqd abundance and quality throughout
the winter in southsasterh states is low bsssuseufruit and
‘herbaceous forb,production from the previocus summer and fall
is probabiy insufficient to support large grouse populatioﬁs
for the entire winter,_reqﬁiring a dietary shift to low
gquality evergreen leaves. In addition, grouse in the
Southeast-mus;_spgpgts with many frugivoresvfor winter fruit
supplies and with othefmherbivores (e;g.‘deer, turkeys) for
leafy forages found primarily at ground level. The |
possibility that diet quality and food availability may vary
among years in northern.areas is not being discounted, but
rather it is in northsrn habitats that there is the o
potential for an abundance of rélatively high quality food
in winter.‘

Therefore, the low populatisn_densities of grouse in

the Southeast may be directly or indirectly related tof&gﬁﬁk
, v

wintéf diet guality. The hypothesis described has many
testable components that require study. Further

investigation in this direction should elucidate the
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importance of winter nutrition in the ecology of ruffed

grouse in the Southeast.
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Appendix Table 3.1. List of common and scientific names of
plants mentioned 1n text of Chapter 3.

Common name » Scientific name

Alder Alnus spp.

American beech ' ’ Fagus grandlfolla
Apple Malus spp.

Aspen Populus spp.

Avens Geum spp.

Bigtooth aspen Populus grandidentata
Birch : Betula spp.

Black cherry ' Prunus serotina

Black gum Nyssa sylvatica
Blueberry _ Vaccinium spp.
Bunchberry Cornus canadensis
Cherry Prunus spp.

Christmas fern Polystichum acrostlch01des
Clover Trifolium spp.

- Dandelion : Taraxacum officinale
Dogwood Cornus florida
Dewberry ‘ Rubus spp.
Flowering dogwood Cornus florida:
Foamflower : Tiarella spp.

Galax - Galax aphylla
Grape ' Vitis spp.

Gray birch Betula populifolia
Greenbrier - Smilax spp.
Hawthorn Crateacus spp.
Hazelnut Corvlus spp.
Honeysuckle _ Loncera spp.
Hophornbeam . Ostrya virginiana
Japanese honeysuckle Lonicera japonica
Maple Acer spp.

Mountain ash Sorbus spp.
Mountain laurel Kalmia latifolia
Multiflora rose Rosa multiflora
Oak Quercus spp.
Oxalis oxalis
Partridgeberry Mitchella repens
Privet Licustrum spp.
Quaking aspen ’ Populus tremulcides
Rhododendron Rhododendron spp.
Rose : : Rosa spp.
Serviceberry Amelanchier canadensis
Sorrel ' Rumex spp.

Staghorn sumac Rhus typhina
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Continued.

Common name

Scientific name

Strawberry

Sumac

Speckled alder
Striped maple
Sweet birch
Trailing arbutus
Viburnum

Willow
Wintergreen
Yellow birch-

Fragaria spp.

Rhus spp.

Alnus incana

Acer pensyvanicum
Betula lenta

Epigaea repens
Viburnum spp.

Salix spp.
Gaultheria procumbens

- Betula alleghaniensis

'Scientific names follow Scott and Wasser (1980).
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Appendix Table 3.2. Locations of crop collections by state

and county.

- Number of crops is in parentheses.

Georgia:

North
Carolina:

Virginia:

West
Virginia:

Ohio:

New York:

Carter (2), Cohulta (3), Dawson (2),

Fannin (22), Gilmer (12), Lumpkin (5), Macon (4)
Murry (1), Rubun (1), Towns (6), Union (18)

Ashe (4), Avery (6), Buncombe (3), Clay (3),
Graham (15), Haywood (20), Henderson (1),
Jackson (2), Macon (35), Madison (76),
Transylvania (2)

Albermarle.(l), Bath (6), Botetourt (10),

Craig (4), Floyd (18), Giles (19),

Mercer, WV (10), Monroe, WV (3),

‘Montgomery (41), Grayson (2), Nelson (3),

Pulaski, (2), Roanoke (17), Rockbrldge (2),
Wythe (1), Unknown (4)

Monongalia (19), Randolph (5), Preston (3),
Unknown (6)
Athens (43), Jackson (17), Meigs (7)

Chautaugue (4), Clinton (6), Franklin (79),
Herkimer (1), Lewis (2), Madison (1),

' Oneida (8), Onondaga (4), Saint Lawerene (2),

Wisconsin:

Washington:

Maine:

Steuben (3)

Juneau (2), Lincoln (1), Marathon (46),

- Portage (6), Taylor (1), Wood (43), Unknown (3)

Lewis (1), Okanogan (34), Thurston (1)

Aroostock (24), Cumberland (6), .

Franklin (22), Hancock (2), Kennebec: (23),
Oxford (1), Piscataguis (30), Penobscot (3),
Sagadahoc (4), Somerset (60), Waldo (11),
Washington (45) :
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Appendix Table 3.3. Foods from crops of ruffed grouse
collected in ten states during fall and winter between
‘November 1981 and February 1984. Values are percent dry
weight and number of crops examined is in parentheses.

Month

Species?, ? Sep Oct Nov Dec Jan Feb
Georgia (N) (6) (16)  (36) (19)
Greenbrier f£. ‘ 76.8 2.4 5.2 0
Grape f£. 13.1 38.3 6.4 0
‘Acorn 0.3 - 7.2 32.9 8.1
Mountain laurel 1. 0 17.6 8.8 30.0
Greenbrier 1. 0.7 2.0 10.8 29.7
Christmas fern 0.1 3.5 9.7 10.8
Honeysuckle 1. 0 10.3 0 0
Foamflower 1. 3.1 2.7 4.7 1.1
Cinquefoil 1. 0 0.9 0.2 0.1
Trailing arbutus 1. 0 0 0.6 0.5
% Identified (Total) 94.1 84.9 79.3 80.3
North Carolina (N) (59) (50) (3©) (32)
Mountain laurel 1. 2.0 6.6 13.2 38.2
Grape f£. 28.8 13.5 22.0 1.0
Dogwood f£. 0 23.1 16.8 0
Mountain ash f£f. 11.0 0 O 0
Greenbrier £. 10.3 8.4 8.1 2.6
Oxalis 1. 0.3 0 0 0
Beechnut 1.1 0 -0 0
Foamflower 1. 0.6 t 0.3 0.3
Greenbrier 1. 2.5 4.1 4.1 6.9
Dogwood bt. 0 0 8.6 0
Acorn 0 0 7.0 3.8
Maple f. 2.6 0.1 1.6 1.2
Christmas fern 1.0 3.6 4.2 8.6
Hawthorn f. 4.8 0 2.0 G
Strawberry 1. 1.2 1.6 0.1 0.9
Rumex 1. 0.3 0 0 0
Cingquefoil 1. 0 0.1 0.4 0.3
Trailing arbutus 1. 0 0 0 6.1
Rose f. : 0 0 0.9 0
Prunus bt. 2.0 0 0 0
Blackgum f£f. 0 0 0 0.1
Sumac f. 6.0 0 0 0]
~ Heoneysuckle 1. 0 0.3 0.7 0.4
% Identified (Total) 74.5 61.4 90.0 70.4
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Appendix Table 3.3. Continued.

Month
Species Sep Oct Nov Dec Jan  Feb
Virginia (N) (59) (50) (30)
Rose £. 0 13.3 22.2
Grape f£. 17.5 14.7 14.3
Blackgum f£f. 15.3 c 0
- Acorn 14.9 0.5 0
Greenbrier f£f. 8.9 12.9 8.3
Dogwood f£. 12.5 0.4 0.3
Greenbrier 1. 1.6 5.2 10.2
Viburnum £. 8.9 1.3 2.0
Christmas fern 0.4 0.4 2.2
Cinguefoil 1. 0.7 1.3 1.1
Hawthorn f£f. 1.2 0.5 0
Cherry bt. 1.0 0.6 6.4
. Birch ca. 0 0 0.1
Rumex 1. 0] 0.1 0
Wintergreen 1. 0 0 0.6
Trailing arbutus 1. : 1.0 0.2 t
Sumac £. 5.8 3.5 2.3
Honeysuckle f. 0 0.5 1.3
Rose 1. 0 t t
Mountain laurel 1. 1.2 0.3 g.1
Strawberry 1. 0 0.3 0
Dewberry 1. 0 0 0.2
Maple £. 0 0 t
Clover 1. 0 t 0
% Identified (Total) 91.3 56.1 81l.4
West Virginia (N) (10) (8). (11)
Cherry bt. 59.5 0.8 0.5
Greenbrier £. 18.6 0 48.5
Birch bt. ' 6.3 47.1 0.7
Grape f£. 7.5 0 19.7
Greenbrier 1. 0 6.5 0.6
Christmas fern 0 7.8 0.1
Hophornbeam c. 1.3 0 0
Maple £. 0.3 0.2 0
‘"Viburnum f£f. 3.2 0 8.9
Mountain laurel 1. 0 3.8 0.1
Cinquefoil 1. ] 1.1 0
Honeysuckle 1. 0 0 t
Acorn o 0 3.2
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- Appendix Table 3.3. Continued.

Species Sep Oct Nov Dec Jan Feb
Dogwood f. 0 0 8.5
Sumac f. 0 6.4 0]
% Identified (Total) 96.7 73.7 90.8

Ohio (N) : ‘ (4)  (14) (28) (21)
Grape f. ‘ o 87.8 14.4 0 (O
Rose f£. 0 0 33.5 33.6
Dogwood £f. 11.3 24.4 (O 0
Japanese honeysuckle f£f. 0 7.4 21.9 0.1
Greenbrier f. 0 15.5 0.4 0
Sumac f. 0 1.7 11.0 0
Greenbrier 1. t 0.2 0.5 2.9
Cingquefoil 1. 0 0 0 2.7
Viburnum f£f. 0 0 0.2 4.3
Avens 1. 0.3 0 0.6 8.9
Christmas fern 0 0.9 0.7 1.4
Privet £f. 0 0 1.9 t
% Identified (Total) 99.4 64.5 69.9 . 54.0

Indiana (N) (5) (11) (3) (3)
Dogwood f. 99.6 91.8 56.8 0
Hophornbeam c. 0 0 0 30.3
Rose f£. 0 0 29.5 0
Greenbrier f. o) 0 0 15.1
Japanese honeysuckle f. 0 5.4 0 0.3
Honeysuckle 1. ' 0 t 0 3.0
Greenbrier 1. 0 t 0 0
Dogwood bt. O 0.5 0 0
% Identified (Total) 99.6 97.2 86.3 48.7

New York (N) (3) (35) (26) (19) (23) (9)

" Cherry bt. 0 16.2 0 0 17.8 55.3
Yellow birch c. 0 0.9 37.6 6.2 4.9 0
Viburnum f. 0 9.8 0.9 0 33.1 0
Maple £. 0 2.6 9.1 30.5 0 0
Hazelnut c. 0 2.5 10.9 2.4 0 28.2
Quaking aspen 1. 12.7 9.4 0 C 0 0
Aspen bt. - 0 2.5 2.5 14.2 0 1.1
Apple bt. 0 0 0 0 11.9. - O
Corn ' 0 0 0 0 11.8 0
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Appendix Table 3.3. Continued.

Month -

Oct: Nov
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. Hawthorn f£f.
" Cinquefoil 1.

- Grape f£.
Oxalis 1.
‘Beechnut
Hazelnut bt.
Hophornbeam bt.
Apple f.
Birch bt.
Hophornbeam c.
Apple 1.

- Bigtooth aspen 1.
Rumex 1.
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Appendix Table 3.3. Continued.

Month

Species Sep Oct Nov Dec Jan Feb

o
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" Maine (N) (199)
Apple £f. .
Hophornbeam c.
Acorn
Apple 1.
Birch c.

Maple f.
Hazelnut c.
‘Beech bt.
Hazelnut bt.
Rumex 1.

Aspen 1.
Blueberry f£f.
Dandelion 1.
Cherry bt.
‘Wintergreen 1.
Strawberry 1.
Cinquefoil 1.
Beechnut
Birch bt.
Oxalis 1.
Bunchberry 1.
Clover 1.

% Identified (Total)
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10nly the four most common forages in each month of each
‘state-wide collection (except Washington) can be rank
ordered as the most common forages in the monthly .
collections. Values for less common forages in each month
may be exceeded by unknown values for unidentified species.
Occurrence of species in the ‘forage list of one state does
not necessarily mean that those species were measured in
other states. o ' ‘

2Plant part abbreviations: 1l.=leaves, f.=fruits,
bt.=buds and twigs, c.=catkins.



Appendix Table 3.4. Maximum and minimum estimates of total phenols and metabolizable
enorgy of all foods from crops and values for crop contents with seeds removed (nonseed
crop contents) of ruffed grouse collected in ten states between November 1981 and
February 1984. 1

Total ) Metabolizable
phenolics ) energy
(2) )
Nonseed Max. Min. Nonseed Max. Min.

Month N X SE X SE X SE X SE X SE X SE

Georgia
Nov 3 1.9 0.8 1.6 1.0 1.0 0.6 57 1.2 43 5.8 31 2.9
Dec 13 6.3 1.5 5.8 1.5 5.2 1.6 56 4.0 49 4.0 45 4.7
Jan 25 7.5 1.4 7.2 1.4 7.1 1.4 57 3.1 55 2.8 - 54 3.0
Feb 13 8.1 1.6 8.1 1.6 8.1 1.6 48 4.9 48 4.9 48 4.9

.N.‘Caroligg _
Nov 37 4.8 0.7 4.2 0.7 3.6 0.7 53 2.3 45 2.5 39 3.1
Dec 35 5.8 0.9 4.8 0.9 4.3 0.9 50 1.9 42 2.0 37 2.7
Jan 24 5.9 1.0 4.6 0.9 4,0 1.0 49 2.3 40 3.0 33 3.9
Feb 22 9.6 1.6 9.1 1.0 9.1 1.6 47 3.1 45 2.4 %% 3.0

Virginia
Nov 28 4.3 0.5 3.6 0.5 2.6 0.6 57 2.8 43 3.6 35 4.4
Dec 4% 6.0 0.6 3.7 0.5 3.1 0.6 5¢ 2.3 47 2.4 41 3.3
Jan 40 5.0 0.7 4.5 0.7 3.8 0.8 49 2.0 44 2.2 38 3.2

W. Virginia
Dec 8 4.6 1.3 4.3 1.1 4.0 2.5 39 6.1 37 5.3 34 5.5
Jan 7 5.9 2.5 5.4 1.9 5.2 2.0 40 4.5 39 4.5 35 6.5
Feb 7 1.8 0.5 1.9 0.8 0.9 0.4 58 7.1 41 6.5 30 4.0

Ohio
Nov 3 2.3 0.8 2.8 0.9 1.2 0.6 60 4.5 42 6.6 31 5.4
Dec 10 1.7 0.2 1.7 0.3 1.0 0.3 56 3.9 40 6.1 33 6.3
Jan 20 2.9 0.6 2.9 0.4 2.2 0.4 56 3.7 51 4.2 - 43 5.0
Feb 10 2.8 0.6 2.9 0.6 2.4 0.6 'B7 3.9 b3 5.1 47 6.8

Indiana :

"~ Oct 2 1.2 0.3 1.0 0.1 0.6 0.1 56 2.1 33 2.4 27 2.8
Nov 7 1.8 0.3 1.3 0.4 0.9 0.4 55 8.0 35 8.5 29 8.3
Dec 3 1.6 0.1 1.5 0.4 0.9 0.3 55 2.2 39 8.2 30 10.1
Jan 3 3.0 1.2 3.0 1.2 3.0 1.2 46 3.9 46 3.9 46 3.8

L21



Appendix Table 3.6. Continued.

Total Metabolizable
phenolics energy
(£) (Z)
Nonseed ~ Max. Min. Nonssed Max. Min.

Honth N ®  SE X SE X SE X SE X SE X SE
New York

Sep 4 3.1 1.8 3.1 1.8 3.1 1.8 58 6.2 b8 6.2 58 6.2

Oct 28 5.3 1.0 5.4 0.9 4.6 0.9 45 3.5 46 3.3 39 3.7

Nov 18 6.6 1.4 6.3 1.3 . 6.3 1.4 G0 5.2 38 5.2 37 5.4

Dec 16 6.1 0.7 5.8 0.7 5.4 0.8 39 2.9 39 1.8 35 2.2

Jan 12 4.4 1.5 5.1 1.3 3.5 1.5 44 5.0 G0 4.2 35 5.3

Feb 9 6.5 1.2 6.4 1.1 6.3 1.3 36 6.2 36 2.8 35 3.4
Hisconsin ) .

Sep 16 6.7 1.2 6.6 1.2 6.6 1.2 5 4.5 54 4.4 53 5.4

Oct 33 4.5 0.6 4.5 0.6 3.9 0.6 49 2.3 47 2.0 42 2.3

Nov 10 4.6 0.6 4,4 0.6 4.3 0.7 45 1.8 44 2.0 42 3.2
Hashington

Sep 17 6.4 1.2 5.3 0.8 4.4 0.8 b6 1.1 52 1.6 39 2.3

Oct 2 2.5 0.1 2.5 0.1 2.5 0.1 47 0.8 47 0.8 45 0.5

Nov 3 4.5 1.5 3.8 1.2 3.1 1.3 56 5.5 55 6.7 39 14.9
Maine

Oct 158 5.4 1.5 5.4 1.5 5.3 1.3 53 1.5 53 1.5 53 1.3

Nov 18 4.8 0.9 4.8 0.9 4.8 0.9 67 2.9 67 2.9 67 2.8

7.4 1.0 7.4 1.0 7.3 1.0 38 3.6 38 3.6 38 3.7

Dec 13

8CT

1\lalues are weighiad means and standard errors of weighted means.



Appendix Table 3.5. Maximum and minimum estimates of metabolizable energy and crude protein of all
foods from crops and values for crop contents with seeds removed (nonseed crop contents) of ruffed
grouse collected in ten states between Novembaer 1981 and February 1984%.

Mstabolizabla . Crude

energy protein
(Kcal/g) (%)
Nonseed Max. Min. Nonseed Max. Min.

Month N b SE X SE X SE N X SE X SE X SE
Georgia

Nov 3 2.56 0.09 2.00 0.22 1.38 .0.11 3 8.0 0.8 9.7 0.3 4.3 1.0

Dec 12 2.47 0.21 2.28 0.22 2.04 .0.26 13 12.1 1.5 11.7 1.4 10.0 1.8

Jan 16 2.65 0.18 2.56 0.18 2.49 0.20 19 10.2 1.6 10.3 1.5 9.5 1.7

Feb 10 2.26 0.27 2.26 0.27 2.26 0.27 11 11.6 1.0 11.6 1.0 ~11.6 1.0
N. Carolina :

Nov 27 2.3¢ 0.09 2.07 0.10 1.756 0.12 26 12.1 1.4 11.4 1.2 9.0 1.5

Dec 24 2.24 0.08 1.99 0.07 1.72 0.11 26 12.9 1.8 12.0 1.4 9.6 1.6

Jan 22 2.33 0.08 1.89 0.11 1.59 0.15 .22 11.4 1.7 10.4 1.6 7.8. 2.0

Feb 19 2.16 0.13 2.10 0.11 2.03 0.14 20 11.5 2.3 11.5 2.2 10.8 2.4
Virginia

Nov 23 2.62 0.12 2.01 0.14 1.61 0.18 23 8.8 1.8 8.8 1.3 5.3 1.5

Dec 29 2.44 0.09 2.17 0.10 1.87. 0.15 35 13.9 1.4 13.1 1.3 10.7 1.7

Jan 32 2.26 0.08 2.08 0.09 1.77 0.14 35 13.3 1.0 12.3 1.0 9.8 1.3
H. Virginia

Dec 5 '1.79 0.20 1.72 0.11 1.56 0.07 5 12.9 1.6 12, 1.3 1.2 2.3

Jan 6 1.91 0.17 1.91 o0.18 1.69 0.24¢ 5 i4.1 2.4 13.9 2.5 13.5 2.8

Feb 6 2.66 0.13 1.94 0.23 1.36 0.14 5 16.3 1.3 10.6 0.8 5.2 0.8
Ohio ‘ .

Nov 2 2.59 0.05 2.02 0.13 . 1.36 0.25 3 9.6 1.7 9.5 1.0 5.0 1.3

Dec 8 2.66 0.18 1.93 0.32 1.56 0.32 7 10.8 2.5 9.4 2.7 6.3 3.2

Jan 18 2.53 0.15 2.29 0.18 1.94 0.23 14  12.7 1.8 11.7 1.9 9.7 2.2

Feb 9 2.51 q.lS 2.34 0.20 2.08 0.29 10 17.2 2.4 15.8 2.9 14.3 3.3
Indiana

Oct 1 3.13 1.80 1.53

Nov 6 3.03 0.47 1.86 0.38 1.60 0.35

Dec 2 2.63 0©.16 1.80. 0.06 1.40 0.08

Jan 2 2.28 0.38 2.28 0.38 2.38 0.38

6CT



Appendix Table 3.5. Continued.

Metabolizable Crude
energy protein
(Keals/g) (Z)
Nonseed Max. Min. Nonseed Max. Min.

Month N X SE X SE X SE N X SE X SE X SE
New York .

Sep 2 2.49 0.05 2.49 0.05 2.49 0.05 3 8.7 5.5 8.7 5.5 8.7 5

Oct 18 2.08 0.15 2.02 0.15 1.81 0.18 23 15.3 3.6 14.6 3.3 13,3 3

Nov 14 1.95 0.18 1.95 0.17 1.95 0.16 15 16.6 4.1 16.7 4.1 16.6 4

Dec 14 1.9¢ 0.12 1.94 0.09 1.70 0.12 15 21.6 3.1 20.6 3.0 19.1 2

Jan . 8 2.01 0.23 1.89 0.19 1.59 0.25 11 10.4 2.4 10.2 1.9 8.2 2.

Feb 7 1.68 0.27 1.67 0.11 1.62 0.14 9 14.3 1.8 14.1 1.6 13.8 2
Hisconsin :

Sep 7 2.70 0.32 2.70 0.32 2.700 0.32 12 8.3 2.9 8.4 2.8 8.1 2

Oct 28 2.21 0.09 2.12 0.10 1.90 0.11 27 12.7 2.4 11.7 2.5 10.9 2.

Nov 7 2.10 0.08 2.06 0©.09 1.96 0.12 9 15.9 1.0 15.4 1.7 ‘14.9 1
Hashington

Sep 13 z.43 0.05 2.32 0.08 1.70 0.15 16 13.9 2.7 13.4 2.8 9.7 2

Oct 2 2.20 0.06 2.20 0.06 2.13 0.12 2 16.9 7.4 16.7 7.4 16.3 7

Nov 2 2.49 0.13 2.30 0.27 2.03 0.39 2 18.3 1.4 l16.5 3.1 14.9 3
Maine

Oct 126 2.4 0.05 2.43 0.05 2.40 0.05 131 12.6 0.8 12.5 0.8 12.4 O

Nov 17 3.00 0.19 3.00 0.19 3.00 0.19 17 7.4 2.% 7.4 2.4 7.4 2.

4.9 1.9 15.0 1.2 14.8 1

Dec 11 1.88 0.13 1.88 0.13 1.86 0.13 - 13 1

0€T

1 values are weighted means and standard errors of weighted means.



CHAPTER 4

SPRING FOOD HABITS, DIET QUALITY, CARCASS FAT, AND
- REPRODUCTIVE ORGAN MEASUREMENTS OF RUFFED GROUSE FROM
SOUTHWESTERN VIRGINIA

Late winter aﬁd early spring nutrition may bé an
important aspect of the ecology of ruffed grouse in Virginia
(Norman and Kirkpatrick 1984),‘ Controlled studies have
shown that nutrition prior to and durihg the breeding éeaSOn
' can have a significant effect‘oh'reproductiOn in fuffed
‘grouse (Beckerton and Middleton 1982) as has"beep
demonstrated in other gallinaceous species (Breiteﬂbach‘et
al. 1963, Barret and Bailey 1971, Pattee and Beason 1979).
However, -the spring food ha5its of ruffed grouse in the
southern Appalachians are hot well documented, and little is
known about the nutritional qﬁality of the spring diet of
the ruffed grouse invany part of its range. Norman éndv
Kirkpatrick (1984) fguhd low carcass fat levels for niné '
ruffed grouse collected in April in southwestern Virginia aé
part of a seasonal study. The present study was a more
extensive examination of the nutrifion of ruffed grousé’in
Virginia during the spring period. The objective was to
determine the interrelationships'among fbod habits, diet
quality, and carcass fat levels of ruffed grOUSé during the

early part of the breeding period; .

131
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'STUDY AREA

Collections of ruffed grouse were made in the Jeffers&n
National Forest in Giles and Craig counties of Virginia.
This area‘lies within the Ridge and Valley'PfovinCe of‘the
Appalachian.Hardwodd subregion (Smith and Lihnartzkl980).
~Elevations in the study area range from approximately 600 to
1200m.l Mixed oak (Qﬁercus'spp.) hardwoods prédOminate,'and

even-age forest management is most common.:

METHODS

A minimum of 20 ruffed.grouse were collected in the
late winter or early spring each year (10 during 15-31 March
~and 10 during 15-30 April)‘from 1982-1984. Grouse were
collected by shooting fromfiﬁproved or unimproved roadsf
Crop contents were removed and frozen, and cfop-free body
Weight was measured.v Reproductive and digestive tracts were
removed, and carcass fat was measured as described in
Chapter 2. Fat levels were calculaged as total fat weight,
percent of‘fat in dryécarcass»ﬁeight, and as a‘lipid-index
([g fat/g faé-freé cércaés weighf]xlOO). Ovaries; oviducts,
and paired ﬁestes‘of grouse were removed and weighed after
lightly blotting moiSture, in‘twd’inéféncés, testes were
damaged by sh@t and couidyﬁot.be.wéighed. éounts were made
. 0of the number of ovulated follicles, follicles lafger than

4mm in diameter, and folliéles 2=4mm in diaméter. Age was
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not determined because of a lack of a reliabie agihg
technique for ruffed grouse in the spring. |
Cropjcontents were oven-dried at 50 C fdr 24 hours and
separated into eight forages classes: hard fruit, soft‘
fruit, leaves and flowers of nonwoody herbaceous plants,
ferns, leaves of deciduous woody plants, leavés of evergreen
woody plants, buds and twigs, and animal matter. Grit was
only found in small‘amounts and was not inéluded in the food
‘habits analysis,or as part of the'crcp wéight.“ The dry
weight of each forage class in each crop was measured. To
obtain an estimate of ﬁhe major forage species in sprihg
diets, the most common forage species in each yearis‘sample
were bcularly estimated as a percentaée by VOIUme of their
respective forage classes in each crop. Thefpercenﬁaées of
other easily identified species also were oculafly/
estimated. The weight to volume ratios of forages in’a
fbrage class were aésumed‘to be similar. Then, for eaéh
crop, the estimated percentage of each identified and
measured species in»its respective forage class was
multiplied by the weightvofbthe fbrage class‘to obtain an
estimate‘of the dry»weight of that species in the crop
contents. Annual percentages of forage classes and Species
in the cropsbweré calculated by the aggregate Volume method

(Martin et al. 1946), except dry weight was used.



134

Individual crop conteﬁts were recombined and gfdund to
pass a lmm screen. Crop contents were analyzed for percent
neutral detergent solubles (NDS) (Goering and Van Soest
1970), total phenols (Singléton and Rossi 1965), gross
energy, and_crude protein as described in Chapter 3. When
there was insufficient crop material for all analysés,
priority was assigned in the following order: NDS, phenols,
GE, crude protein. The percent metabolizable energy (ME) of
each crop was calculated from the NDS, total phenols, and
the percentage of acorns in the crop contents using the

following equation (see Chapter 1):
ME = 0.87(NDS - phenols) + 0.18(% acornbmeat)’f 5.76

The predicted ME per gram of forage dry matter was
calculated frdm #ME and GE (kcal/g). Values for NDS and
total phenols were likely reduced by freezing and oven-
drying of crop contents; however, the effect (most likely an
underestimation) on ME estimates was probably small because
changes in NDS and total phenol values are largely
offsetting in the ME prediction equatioh (see Chapter 1).
Monthly wvalues ofAME (% and kcal/g), total phenols, and
crude protein were expressed as percentages or kcal/g of the
aggregate total crop content weights (equivalent to a

weighted mean with heavier crops having a greater influence
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on results) for each month in order that food habits and
nutritional guality data would be directly comparable.
Standard errors of weighted means were calcuiéted as iﬁ
Chapter 1. A protein-energy ratio (g profein per'IOO kcal
ME) for the crbp contents was calculated-fof eéch year ﬁsing
the aggregate protein and ME (kcal/g) Values.‘ Sex,’month,
and year differences:in’fat and reproductive measu:éments
were tested by analysis of variance using SAS (Ray et al.
1982). Ovarian weight data were transformed to log values‘
for ANOVA tO'equaliée variances, but unweighted means are
presented in tableé, - Specific differences among yéarS-were
‘examined with Tukey's multiple range test with the Kramer"

modification for unegual sample sizes.

RESULTS
Food Habits and Diet Quality
Mean wéight (SE) of the>crop contents was 3.4g (0.8) in
\1982, 2.4g9 (0.9) in 1983, and 2.2g (0.6) in 1984. .In all |
yéars, crop conténts were coh@oéed~primarily of hard'fruits,
herbaceous‘leéves, or buds and twigs (Table 4.1). dther
forage classes werenofilesser importance (<7%).‘ Hard fruits
bwere»found in 13»cropévin 1982 and made>upv63% of the diet 
of these érouSe. Hard.fruits were found in énly three crops
in both 1983 and 1984. Acorn meat made up nearly all (>94%)

of the hard fruit found in all years (Table 4.2). Acorns
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Table 4.1. Foods from crops of 63 ruffed grouse collected
- in March and April 1982-84 in Craig and Giles counties,
Virginia. Values are frequency of occurrence (number of
crops) and percent dry weight.!

1982 1983 1984

(N=22) (N=21) T (N=20)
Forage class Freg. % Freg. ¥% Fregq. %
Hard fruit 13 63 3 30 3 4
Soft fruit 4 2 0 0 -5 5
Herbaceous leaves
and flowers - 19 16 18 43 16 60
Ferns 9 4 4 2 4 2
. Deciduous leaves 7 3 5 2 5 4
Evergreen leaves 4 2 3 2 2 7
Buds and twigs 10 6 8 22 ] 19
Animal matter 3 2 1t 0 0

lt=trace (<0.5%).
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Table 4.2. Species composition of foods from crops of 63
ruffed grouse collected in March and April 1982-1984 in
Craig and Giles counties, Virginia. Values are frequency of
occurrence (number of crops) and percent dry weight.

1982 : 1983 ‘ 1984
- (n=22) (n=21) : (n=20)
Species? _ . Freq. % Freq. % Freq. %

Acorn , 10 60.0 3 29.7 2 3.5
(Quercus spp.) ’

Maple £. 4 3.8 0 0 1 0.2
(Acer spp.) : -
Coltsfoot fl. ' 3 - 2.8 4 22.2 5 20.4

(Tussilago farfara)

Dandelion 1. 4 2.3 7 3.7 1 4.8
(ITaraxacum -

Greenbrier 1. 2 0.5 2 2.0 5 3.5
(Smilax spp.) . ‘ o

Mountain laurel 1. 2 2.4 0 0 2 6.5
(Kalmia latifolia)

Christmas fern 6 3.5 4 1.6 3 0.8 .
(Bolystichum -
acrostichoides) _

Cinquefoil 1. 2 0 6 2.3 3 5.0
(Potentilla spp.)

Trailing arbutus 1. O 0 1 0.1 (O 0

'~ (Epigaea repens)

Wintergreen 1. .0 0 2 2.0 0 0
(Gaultheria :
procumbens)

Grape £f. 0 0 0 0 1 0.2
(Yitis spp.)

Greenbrier f£. 0 0 0 0 2 5.1

Total identifed . 74.9 63.6 ' 50.0

lPlant part abkreviations: ~l.=leaves, f.=fruits,

fl.=flowers.
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were not identified to species in the preéenﬁ study because
in nearly all cases only the acorn meat was found in the
crops, and this made identification difficult. Herbaceous
leéves and flowers were the most common forages in crops in
all years (occurred in >75% of crops). Flowers of coltsfoot
(Tussilago farfara) made up a large part of the herbaceous
leaves forage class in 1982 (17%), 1983 (527%), and 1984
(37%). Buds and twigs were utilized the least when acorns
were abundant. Buds found in crops were typically swelled
or partially open with emerging leaves. Therefore, the buds
and'twigs measured in this study probably are greater in
nutritional quality than the buds and twigs of winter diets.
Total phenols in crop contents tended to be highest in
1982 (8.3%) and lowest in 1984 (4.3%) (Table 4.3). Gross
énergy was lowest in 1982, the year that acorns were the
most common in the crop contents. ’Metabolizable energy
levels were éreater than 60% and 2.6 kcal/g for both 1982
and 1983, but only 50% and 2.30 kcal/g in 1984. However,
the food habits and diet gquality data for 1983 were strongly
influenced by one crop that contained 1l4g of aéorns, well
above the average crop weight of 2.4g for that year. This
crop, which also was exceptionally high in GE (4.8 kcal/g),
made up 29% of the combined weight of all crop contents for

1983 and, therefore, had a substantial influence on food
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Table 4.3. Neutral detergent sclubles (NDS), total phencls, gross
energy (GE), metabolizable energy (ME), crude protein, and protein-
energy ratios (P/E) of foods from crops of 63 ruffed grouse collected in
March and April 1982-1984 in Craig and Giles counties, Virginia. Values
are weighted means, standard errors of weighted means, and number of
crops.

1982 1983 1984

X SE N ¢ SE N R SE N
NDS (%) 74.3 3.2 20 76.8 2.7 17 66.8 2.7 19
Total phenols (%) 6.7 1.1 20 5.4 1.0 17 3.5 1.1 19
ME (%) 64 4.4 20 60 3.2 17 50 2.9 i9
GE (kcalsg) 4.21 0.88 18 4 .57 0.15 11 4.49 0.10 17
ME (kcal’/g) 2.68 0.16 18 2.78 0.22 11 2.30 0.15 17
Protein (%) 14.6 1.9 15 14.1 1.9 9 17.4 2.9 146
P/E (g protein/

100 Kcal ME)1 5.45 5.07 7.57

1Calculated from mean ME (kcal/g) and mean protein (%) values.
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habits and diet quality results. Elimination of this crop
from the 1983 data analysis produces food habits values
(hard fruit=3%, herbaceous_ieaves=57%, buds and twigs=32%,
all ofher forage classes<3y%) and diet quality values
(phenols=4.17, ME=53) and 2.32 kcal/g, protein=17.4%,'P/E
ratio=7.50) that weré similar to 1984 values. These latter
values probably better reflect the actual food habits and
diet gquality of the grouse collected in 1983 and in years
when acorns are not available in the spring.

Food habits and diet quality data also were analyzed by
month. The crops collected in 1982 were excluded from this
analysis as was the one crop from 1983 that contained l4g of
acorns. High availability of acorns in the spring is
prébably unusual as will be discuésed later. Eliminating
grouse that had access to acorns in the spriﬁg allowed an
examination of more typical spring diets, which contained
few fruits.

More than 50% of the crop contents consisted of
herbacecus leaves and flowers in both Maréh and April (Table
4.4). Buds and twigs méde up 32% of the crop contents in
April ¢ompared to 9% in March. All other fofage classes
composed less than 10% of the crop contents in beth months
(Table 4.5). Total phenol and ME (% and kcal/g) values were
similar in both months. The percent protein and P/E ratio

of crop contents increased from March to April.
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Table 4.4. Foods from crops of 40 ruffed grouse collected
in March and April 1983-84 in Craig and Giles counties,
Virginia. Values are *requency of occurrence (number of
crops) and percent dry weight.!?

March April
(N=19) (N=21)
Forage class - Freg. % Freg. %
Hard fruit 1l 1 3 5.
Soft fruit 1 9 1 t
Herbaceous leaves
and flowers 16 70 17 53
Ferns 5 4 2 1
Deciduous leaves 5. 6 4 2
Evergreen leaves. 1 t 4 8
Buds and twigs 6 9 11 32
Animal matter 0 0 1 t

lt=trace (<0.5%).
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Table 4.5. Neutral detergent solubles (NDS), total phenols,
gross energy (GE), metabolizable energy (ME), crude protein,
and protein-energy ratios (P/E) of foods from crops of 40
ruffed grouse collected in March and April 1983-1984 in
Craig and Giles counties, Virginia. Values are weighted
means, standard errors of weighted means, and number of
crops. Crops collected in 1982 and the one crop collected
in 1983 that contained a large amount of acorns were
excluded. See text for explanation.

March 5 April

3 SE n 3 SE n
NDS (%) 68.1 2.1 186 69.3 2.6 19
Total phenols (%) 2.6 -0.6 16 4.4 1.1 1s
ME (%) 51 2.1 16 52 2.9 19
GE (kcal/g) - 4.28 0.09 11 4.50 0.11 16
ME (kcal/g) - 2.24 0.09 11 2.32 0.16 16
Protein (%) 15.0 0.9 10 18.8 « 3.0 12
P/E- (g protein/ ' . :

100 Kcal ME)? 6.70 8.10

1Calculated from mean ME (kcal/g) and mean protein (/)
values.
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Carcass Fat

Fat weight, percent carcass fat and lipid indek were
greater (P=0.0001) in females than males, greater (P<0.01l1l)
in March than April, but did differ (P>0.20) among years
(Table 4.6). Absolute differences in fat data between sexes
or months and among years are greater for lipid‘index than
‘percent‘carcass fat because the divisor of the lipid index
is not influenced by fat levels. However, conclusions
derived from the two indexes were identical because
variances also were proportionaily laréer for the lipid
index and significance levels of statistical tests are
similar.

Body weight was not different among years (P=0.80),
between months (P=0.15) or between sexes (P=O;54) (Table
4.6). However, there was-a month x sex interaction
(P=0.0005). Females gained weight from Marchlto Apfil,
whereas males tended to lose weight. In general, there was
poor agreement between‘chénges in body weight and changes in

carcass fat.

Reproductive Organ Measurements
Oviduct (P=0.00C01), paired ovarian (P=0.0001), and
paired testes (P=0.04) weights were greater in Aprii than in

March (Table 4.7). Only oviduct weight was different
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weight) x 1001, carcass fat weight (g), and whole body weight (g) of

ruffed grouse collected in Giles and Craig counties, Yirginia.

lipid index [(g fat/fat-free carcass

Carcass

. Body Carcass
fat Lipid weight fat
(%) - index (€-)] (g)
N % SE % SE %  SE % SE

March, 1982 .

Females 10 22.4 1.3 29.2 2.2 627 12 37.5 3.2

Males 2 10.7 %.9 12.3 6.2 660 15 16.9 8.4
April, 1982

Females 7 18.3 1.2 22.6 1.8 677 15 29.7 2.6

Males 3 5.6 1.5 6.0 1.7 597 25 7.5 2.2
March, 1983

Females 3 16.90 7.0 20.8 10.7 616 43 27 .9 5.8

Males [ 11.3 1.5 13.0 2.0 597 %5 19.5 3.3
April, 1983

Females 9 14.38 2.1 17.0 3.0 632 10 22.7 4.0

Males 2 2.6 0.5 2.5 0.6 615 49 3.0 8.4
March, 1936 , .

Females 3 20.0 4.6 25.9 7.0 618 36 346.1 9.2

Males 7 7.8 1.9 3.8 2.6 660 .29 13.7 3.9
April, 1934

Females 7 13.8 3.5 17.3 5.2 640 10 23.4 6.9

Males 3 2.6 0.5 2.7 0.5 617 6 3.8 _0.9




Table 4.7. Ovarian, oviduct, and testes weights (g), nunber of large (>4mm), small (2-4mm), and ovulated follicles, and
the number of females that had ovulated at least once of ruffed grouse that were collected in March and April, 1982-1984.

Number of ovarian follicles Number
Paired] 1.2 Paired ! of
ovarian Oviduct ’ testes females
weight weight weight >Gmm 2-4mm Ovulated with
ovulated
N X SE N X SE N X SE N X SE x SE x SE follicles
1982
March 10 0.5 0.1 10 1.8 0.% 2 0.5 0.2 10 0.7 0.3 4.3 1.2 0.2 0.1 2
April - 7 9.7 2.5 -7 11.4 0.5 3 1.2 0.3 7 3.6 0.8 . 5.7 1.0 ?.6 0.5 7
1983 C '
Harch 3 0.3 0.1 3 0.9 0.6 7 0.7 0.1 3 0 3.'3 0.7 0 [4]
April - 9 6.6 1.6 9 9.8 0.3 2 1.3 0.1 9 2.6 0.6 5.8 0.7 2.7 0.5 8
1985 ,
Harch 3 0.2 0.05 3 0.5 0.2 5 0.9 0.3 20 6.3 1.5 0 0
April 7 5.8 2.2 7 9.4 0.7 3 1.0 0.2 7 3.0 0.8 11.4 1.6 0.6 0.4 2

1 Means are different between months .(P<0.05).

2 Means are different between months and among years (P<0.05). Mean in 1982 was greater than in 1983 and 1984.

Syl
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(P=0.01) among years 1982 1983. Tukey's muitiple rangertest
indicated that oviduct weight only differed (P<O.QS) between
1982 and 1983. As eXpectedg follicle counts followed the
same pattern as ovarian weights with}inéreaéed numbers in
April. With the excéption of 1984, most females had
ovulated at least once by late April.  Two of ten females
collected in March 1982 hadlovulatediindicating that some

nesting may begin as early as late March.

DISCUSSION

Collecting grouse along forest roads was the only
practical method of obtaining a sufficient number of samples
for analysis; however, the influence that this collection
method had on food habits results is unknown. Grouse may
havé been attracted to roads in the spring as it was easy to
collect birds at that time. A 2-week effort to collect
grouse in the early fall from the same areas and by the same
personnel was unsucceésful. It did not appear that grouse
frequented roadways for grit, as grit was found‘inionly 5 of
the 63 crbps examined. New hérbaceous and deciduous‘leaf
growth may appear first in forest openings such as roadways
and attract grouse during the early spring. A number of
crops were packed to apparent capacity with coltsfoot
flowers, a forage that has not been previously reported for

ruffed grousé. Coltsfoot produces flowers in the early
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_spring (many crops collected in March contained these 
flowers) and is common along roadSides. Newly emerging
deciduous leaves were used heavily in‘April.‘

Studies of fuffed grouse food habits_in northern areas
‘have found that catkins of quaking aspén were thé primary
spring forage (Vahderschaegan 1970, Woehrvand Chambers
1975). Stoll et al. (1980) also.found that aspen>catkins
were the most common sprihg,food in Ohio even though. aspen
comprises little of:the total forest acreage in that ététe.
Aspen is relatively raré in the predominately Qakbforests-of
‘the southeastern U.S., énd, therefore; not‘availablé as a
food resource. Korschgen (1966) reported that hophornbeam
(Ostryva virginiana) éafkins and buds made up 25Y% of thé
volume of fecal droppings in'Missouri’in April. Arbérééib
feeding by grouse in the»présent study was primarily limited
to use of emerging leaves’(feborded as buds and'twigs_in-the
present study); however, thesé leaves may have been taken
from the ground.

The fall of 1981 was an exceptional year for hérd mast
production. Acorn pfoduction‘in the Jefferson Natibnal
Forest was thé highest reCorded in 32 yeafs'(Viréinia
Commission of Game énd Inland Fisherieé, 1982). The high
occurfence of acorns in the crop contents in 1982

demonstrates that in yeérs of high hard mast production,
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acorns can constitute a substantial part of the spring diet
.0f grouse.

When acorns were not available, the spring diet of
ruffed grouse had approximately 2.2-2.3 kcal/g ME
(%ME=50—53%) and 15-19Y, protein. Protein levels of diets in
the spring were greater than in fall diets in Virginia (see
Chapter 3). Higher protein in spring diets was probably the
result of the high use of herbaceous plants and a higher
protein content in new spring growth. Also, dietary protein
may increase from March to April with the increased
availability of new emerging leaves. A diet containing 2.3
kcal/g ME is in the upper part of the range of ME values of
fail diets for Virginia and, therefore, is probably adequate»
for maintenance. Dietary ME (63%, 2.68 kcal/g) in 1982 was
nearly 20% higher than in 1983-1884 crops without acorns.
Therefore, ME was substantially increased when acorns were
available. However, the higher ME in this case was due to
the high digestibility of acorns and not to a higher GE
content. The GE of the acorn meat in crops from 1982 was
low (approximately 4.0 kcal/g) indicating they were low in
fat.

| The adequacy of a diet containing 2.3 kcal ME/g and
15-19% protein for grouse reproduction is unknown. However,

2.3 kcal ME and 18Y% protein is adequate for domestic turkey
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reproduction (Menge et al. 1979) and 2.6 kcal ME and
15-16.5% protein meets requirements of laying white léghornv
chickens'(Scott et al; 1982:94). Beckerton and Middleton:
(1982) found that in diets-containing 3.1-3.5‘kcal ME/g and'
21% protein resulted in the gréatest reproduction in female
ruffed grouse. Dietary protein in the present study was
‘less than 21%; however, thevlower ME.in spring‘diets of wild
. grouse in Virginia probably would lower the leVel‘of dietafyv
protein required to maintain protein intake. The P/E ratio
of 7.5 found in the‘presént stﬁdy was 479, higher than the
P/E ratio of the diet in the controlled study by Beckerton
and'Middleton (1982) that resulted in the greatest
reproductive rate in female ruffed grouse. Therefore, given .
that wild grouse from Virginia cquld find sufficient émounté
of food to meet‘theif ME requirements, protein levels in
1983 and 1984 appeared ﬁo be satisfactory for reproduction.
Tannin phenols in forages may reduce protein digestibility
(McLeod 1974, Lindroth and Batzli 1984). However('tannin
levels in crop contents were low in 1983 and 1984 probably
because tannins ére not common in herbaceous annuals of‘
abundant in new growth (Rhoadesvand Cates 1976). Protein
digestibiliﬁy potentia;ly-could have been reduced in 1982
when acorns formed 60% of the diet. High levels of tannins
have been found in acorns of some oak species (Ofcarcik and

Burns 1971).
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Mean percent carﬁass fat levels in females in all years
and both months in the present stﬁdy (11;3-22,4%) were
greater than the mean of 4.8% for three spring-collected
females collectéd.by‘Norman and Kirkpatrick (1984). The
reéson for this difference in unknown, but may have been the
result of variation among years or small sampie size in the
earlier study. Fat levels in females in Mérch and April
were nearly two times greater than the fat content of
females collected in Ontario, Canada in'March) April, and
May (Thomas et al. 1974). It appears that there may be
regional or annual Variation in fat levels of prebreeding
and breeding ruffed grouse. Although, no statistical
difference in carcass fat was found among years in the"
present study, there was some evidence that differences may
have existed. All 17 females collected in 1982 had carcass
fat > 13.8% (15 females had carcass fat > 17%), whereas in
1983, 4 of 12 females had fat lévels < 7.6%, and in 1984, 4

of 10 females had fat levels < 8.37%. Seven of the 8 females
with low fat levels were collected in April. High'fatv
levels in spring 1982 may have been the result of acorn
abundance the previous winter. In typical years, the late
winter diet of grouse in the Southeast contains large

amounts of low quality evergreen leaves (see Chapter 3).

Large increases in fat reserves just prior to
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egg-laying have been documented in wood ducks (Aix sponsa)

and mallards (Anas platyrhyncho s) (Krapu 1981, Drobney
1982) ‘Mean carcass fat levels of females 1n sprlng 1983
(14.8-16. O/) and 1984 (13 8-20.0%) were as high or hlgher'
than,fall and mld-wlnter‘levels reported in other studies of
southeastern grouse populations (Norman and Kirkpatrick
1984, see Chapter 3), possibly indicating that fenale ruffedb
grouse are capable of increaSing fat‘reserves prior'to‘
breeding if sufficient‘forage is auailable.

‘Male grouse consisténtl& had lower carcass fatilevels
- than females. Fat levels in the present study werelsimilar
to low levels previously reported for spring-coilected”males'
in Vlrglnla (Norman and Klrkpatrlck 1984) and Ontario, |
Canada (Thomas et alr 1975).. Decreased body condltlonr
during the breeding season also has_been reported for male
spruce grouse (Canachites canadens1s) and bobwhlte qua11
(Colinus v1rg1n1anu ) (Elllson and Weeden 1979 McRae and
Dimmick 1982). Male ruffed grouse may forage less durlng
the breedlng season: because of an 1ncrease in tlme spent on
territorial defense, or a strong attachment to a terrltory
may limit food availablllty. |

The decrease in fat from.March'torApriI,for both sexes
was probabiy directly related to breeding activities.

Reproductive organs weights indreasedvmarkedly"from'late’
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.Mérch to late Apfil.'vAll but one female had?initiated egg
laying by late April for 1982 and 1983. The reason for the>
lower proportion of'females that had ovuiated (2/7) by laté
April in 1984 is unkhown."Development'of réproduéti&é
organs and initial egg laying probably utilized some fat
reserves in females; hoWever,’mean’fat levels‘were still
,relatively high'in April.‘ Mallards {Krapu 1981) and wood
ducks (Drobney 1982) expénd a large proportion of theif fat
~reserves during laying..,Fat levels of female gfouse in the
preéent study likely wouid continue:tq decreaée-below April
levels until ciutches were complete. 'Fat levels of maies
may continue to decline through April as a result of
continued territoriéi aﬁd.breeding-behavior.’

Body weight appears to have little usefulness as a body
condition index in the spring (see also Chapter 2). While
carcass fat levels deéféaéed from March to April in evéry
year, mean body weight-Values were not different betwéeﬁ
March and April. For females, increases‘in ov;duct and
ovarian weight accounted forﬁﬁuchiof theﬁiﬁcrease in body
weight. In addition, somé»females had fully developed-eggs
in oviducts in April which)added to the variability in‘body

weight measurements.’
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MANAGEMENT IMPLICATIONS

The spring diet of ruffed grouse in the Souﬁheast
appearé nutritionally adequate for reproduction. However,
the ability of forest habitats in the Southeast to supply
sufficient amounts of high quality food during the eariy
breeding périod may be important in determining grouse
distribution and abundance. Because the priméry spring
forage of northern grouse populations (aspenbcatkins) is
found on trees, adequate food supplies may‘bé‘more evenly
distributed in northern forested habitats than are the
herbaceous forbs utilized by grouse in the pfesent study..
Abundanﬁ growth of high quality herbaceous forbs in Virginia
foreéts may be limited to areas with maintaihed openings.
An abundance of herbacéous forbs in March may be important
for increasing fat reserves of female.grouseiprior to
nesting, and management practices that prdmoté herbaceous
forb productibn in Mérch may improve‘breéding,habitat for
ruffed grouse. Food availability during the breeding éeason
of ruffed grouse needé investigation in southeastern -

forests.
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CHAPTER 5

HABITAT USE AND FORAGE AVAILABILITY FOR A RUFFED GROUSE
POPULATION IN SOUTHWESTERN VIRGINIA

The diet of ruffed grouse in the southern Appalachians
Mountains shifts to relatively low quality evergreen leaves
in the late winter, suggesting that supplies of higher |
- quality herbaceous and deciduous leaves are limited at that
time (see Chapter 3). The relative abundance of such
forages in grouée habitats may have a strong influence on
diet qualitylin this region. However, measurements of‘foods
available to grouse in southern habitats have not been made.

Habitat use by ruffed grouse in the fall and winter
also has received little study in the southern Appalachians.
white and Dimmick (1978) and Gudlin and Dimmick (1984)
monitored fall and wihter habitat use of grouse transplanted
from’Wisconsin to Tennessee and found that thé most
intensively used habitats were farkleberry (yaccinium
arboreum) and laurel (Kalmia latifolia) thickets and dense
stands of hardwood saplings. Studies of resident
populations have not been réported.

The objectives of the present study were (1) to measure
fprage availability and habitat use in fall and winter for a
ruffed grouse population in southwestern Virginia, (2) to

measure the nutritional quality of winter forages available
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in the study area, (3) to estimate forage-based carrying
capacity for the study area, (4) to measure cover variables
in habitat types present, and (5) to determine relationships
between habitat use by grouse and food and cover |

availability.

STUDY AREA

The study was cpnductéd in a 1.8 x 1.3 km area known as
Kelly Flats in the Jefferson National Forest in Giles
County, Virginia (Figure 5.1). The study area is located
between Fork and Big Mountains near Virginia State Route
635. The site was selected becaﬁse it was known as éﬁ‘area
of relatively high grouse abundance and it‘cbnéainéd a
variety of habitat typeéﬂin’close proximity. The study area
lies within the Ridge and Valley Pro&ince Cfﬁﬁhe Appalachian
hardwood subregion (Smith and Linnartz 1980). The ‘elevation
on the area varied from SOO‘to 950m. The study area was
partially bordered on the south by a maintained grass‘sfrip
(20-40m wide) and further south by a two-lane road. On the
east was a gated unimproved road for approximately one-half
the border length. The northern and westerh boundaries and
the remainder of the eastern boundary were arbitrarily
situated to form a rectanglar area. The southern half of
the area was on a relatively level valley floor. The

northern half was situated on a south-facing slope. Forest
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stands in the area were even-aged as a result of past
management, Appfoximately 70% of fhe study area consisted

~ of mixed-oak hardwood stands, 51-78 years old.

Approximately 30% of the Study area had been clearcut in thé
last 18 yéars. .Overstofy species primarily ihcludéd white

oak (Quercus alba), red oak (Quercus rubra), black oak

(Quercus Velutina)) scarlet oak (Quercus coccinea), chestnut
oak (Quercus prinus), hickory (Carya spp.), pitch pihe

" (Pinus rigida), and Virginia pine (Pinus virginia).

Understory vegetation was variable and primarily included
saplings of overstpry spp., blueberry and related species
’(Vaccinium spp.), huckleberry (Gaylussacia spp.), red maple
(Acer rubrum), flowering dogwood (Cornus florida), and white

pine (RBinus strobus). Mountain laurel was an important

component of the understory only in the northwestern portion
of the study area which had a southwest aspect. The
distfibution of laurel was’patchy, ranging from sparse to
dense thickets. Groﬁnd vegetation was dominated by aromatic

wihtergreen (Gaultheria procumbens), trialing arbutus

 (Epigaea repens), and galax (Galax aphylla). Oak
fegeneration charécterized clearcuts except along a small
streah that traversed one of the clearcuts. In the bottom
bordering this drainage, white piﬁe and hemlock (Zgggg

canadensis) also were common in the overstory, and speckled
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alder (Alnus incana), and sedges (Carexrspp.) were common in

the understory.

METHODS

For purposes of measuring forage availability, cover
variables, and habitat use, ten forest stands were‘delinated
in the study area.based on age, overstory-understory

composition, and location (Figure 5.1). Three clearcut

~stands, 4, 16, and 18 years old and approximately 11,‘11, 45 -

ha in area, repectively, were sampled separately. The
clearcut bottom in the ls-yeaf-old clearcut also was sampled
separately. Six mature (51-78 year old) stands were‘
sampled. The mature hardwoods with the lautel understory
fouhd in the northwest corner of the study area'weré sampled
as a single (mature hardwood-laurel) stand. Within this
stand were two areas of mature hardwood coveS'(sampled as
one stand) that were characterized by large overstory stem -
diameters and an absence of understory vegetation. Mature
hardwood stands with relatively open understories occurred
in the northeastern (mature hardwood-NE) and southwestefn
(mature hardwood~SE) portions of the study érea.
‘Approximately 8 ha in the mature hardwood-SE stand was
thinned of stems <15cm and was sampled separately (thinned
hardwoods). A mature hardwood stand on the southeastern

corner of the study area had azwhite oak overstory with
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white pine common_in the understory (mature hardwobd;whitew
pine). | |

Measurements of forége availability, covér»Vafiables,
and habitat use werévﬁaderin thelten stands described ébove;
Fall sampling was conducted from 1 October-to‘7 November,
1982; winter sampling was ¢onducted from 1 Febrﬁary to 10
March, 1983. Nine permanent and parallel east-west
transects were marked at apprqximately 150m intervals and
numbered consecutively from north . to soﬁth. The two
“transects adjacent and parallel to the gated road_in the
ceﬁter of the area were separated an additional 100m. -
Relative use of stands by grouse was measured by recording
locations of grouse flushed while traversing transects. All
transects were,wélked at least ohce per week during the
sampling periods when weafher pefmitfed. Transects were
walked only when‘winds'were less than 15 mph and there was
no précipitation. Either odd- or evenfnumbered (randomly
selected) transéctsfwere’wélked in randdhlorder‘thé first
sampling day of the week and the remaining set the second
sampling day of the week. Half the transéctsvwalked each
week were walked in the_a.m; (randomly Selecfed), starting
approximately 1 hour after sunrise,‘and the other half were
walked in the aftérnoon, finishing'approximately_l hour

before‘sunset. An index of relative stand use was
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calculated as the number of grouse flushed per kilometer‘of
transect walked in each sténd. |

Cover and forage aVailability measurements were made at
randomly selected points in each‘stand. Aﬁ each sampling
point, horizontal cover was measured from two randomly
selected directions at 0.5, 1.0, and 2.0m‘heights usinq a
50cm x 20cm gridded density board. The percent area of the
density board covered by‘vegetation was ocularly estimatéd
to the nearest 5) from a distance §f ém. Total overhead
canopy cover was measured with a spherical densidmeter.
Understory canopy cover between 1 and 3m in heightﬁwas
measured by the line‘intercept method using a 15;2m line
centered on the sampling point in a randomly chosen
direction. |

Green leaves in a 1m x.lm quadrat and from O to 0.5m
from the ground were collected at each sampling point and
placed in a labeled bag. A 4m x 4m gquadrat centered on each
sampling point was searched for acorns and soft fruits on
ﬁhe ground. Soft fruits above the ground were counted by
species in the same quadrat and a representaﬁi?e sample was
collected to determiné average dry weights of frﬁits by |
species. Total dry weights of fruits were calculated from
counts and average dry weights. Availability of buds and‘

twigs was not measured because these forages are not common
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in the diet of grouse in the Southeast Also,*tree species
in which buds and twigs are commonly fed upon by grouse,
such as cherry (Prunus spp ') and. blrch (Betula spp ) were

rare in the study area. Forages collected from plots were

- frozen until analeed’ An approx1mately equal number of

plots were measured in each stand each week durlng the
sampling period to minimiZe‘time effects. Stands‘were.
sampled until the variance of the total’weight'ofﬁfresh
forages per plot stabilized. o

Forages were freeze-dried andeeighed’by forage class
and in some cases by species; 'Forage classes used'included
leaves of evergfeen‘woody plants, leeues ofvdeciduous woody,

plants, leaves of nonwoody herbaceous plants, ferns,“herd‘

fruits, and soft fruits. Definitions of forage'classes are

as in Chapter 3.
Samples of leaves and/of~fruits of seven common species
or commonly used forages of grouse found during the winter

in the study area were collected in February 1985. The

‘species collected included leaves of mountain,laurel

wintergreen, dewberry'(Rubus‘spp.),,partridgeberry :

(Mitchella repens), galax, and pyrola (Byrola elliptica
and/or Pyrola rotundifolia) end fruits of wintergreen and
partridgeberry. -Samples were immediately freeze-dried'and

analyzed for neutral detergent solubles (NDS), gross energy,
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total phenols, and tannin phenols as described in Chapter 3.v
The percent ME for these forages was predicted with the |
following equation (see chapter 1): |
ME = 0.87(NDS-total phenols)-5.76

The predicted ME (kcal per gram of forage dry matter) was
calculated from ?ME and gross energy. |

Season and stand differences in forage class weights
were tested by the nonparametric Hettmansperger-McKean
procedure (McKean and Hettmansperger 1976) because of
nonnormal data and heterogeneous sample variances. This
procedure requires equal sample sizes. Therefofe, for
testing purposes, the number of plot samples per stand were
equalized by randomly eliminating a small number of plots
from some stands. Season and stand differences in cover

variables were tested by two-way analysis of variance.

RESULTS

All transécts were walked seven times in the fall, and
a total of 29 flushed grouse was observed for 113km of
transects walked (Table 5.1). Seventy-six percent of the
grouse flushed were observed in the clearcut areas. The
number of grouse flushed per km of transect walked tended to
be greater in the clearcut areas than the mature stands.
The mature cove hardwoods and the thinned hardwoods were the

" only stands where no grouse were flushed in the fall.
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‘Table 5.1. Total leng{hl(kh) of transects in forest stands, total
‘distance:(km) wa1ked on transects, and total number of grouse flushes
observed on transects in fall and winter.! ' ' ‘ '

Fall S 'Nihter
Total length  Total " No. Total " Ne.
of tfansects dist. No. flush. dist. No. flush.
Stand ' in stands - walked flush. /km walked'flUsh. “/km
% year-old ‘ ' . ‘
clearcut ™ 1.3 9.3 9. 0.97 - 6.7 . -0 0
16 year-old ' v o . , o : ‘
clearcut 0.71 o 5.0 1 - 0.20 3.6 1 0.28
18 year-old » S ‘ o ‘
clearcut o 2.11 . 14.8 g 0.61 10'6,' 1 0.09
Clearcut . ‘ ) :
. bottom 0.49 . 3.6 3 0.33 2.5 -1 . 0.41
‘Mature
hardwood- . S :
white pine 0.75 . 5.3 3 0.57 3.8 5 1.32
Mature
hardwood- . ‘ - ,
laurel 5.76 40.2 2 0.05 28.7 1 0.03
Mature . o i .
hardwood-NE 1.13 7.9 -1 0.13 - 5.7 0 Y
Mature » v .
hardwood-SH 2.20 ‘ 15.5 1 ~.0.07 '11.0 -0 -0
Mature
thinned R ‘ : ‘ ‘
hardwood 0.63 4. 0 -0 ‘ 3.2 -0 0
Mature cove

hardwood 0.83 5.8 0 1] 4.2 0 0

1Transects walked seven times in fall and five times in ﬁin{er.
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Observations of grodse flushed while making covef and forege "
measurements also wefe recorded. All 24‘flushes iﬁ the fali
were obserQed in the clearcut stands. |

““Transects were walked.fiVe'times iﬁ the winter. Only
nine flushes were‘recorded for 79;5kmlof trenseeteiwalked
(Table 5.1). Three grouse were flushed in the clearcut‘
areas and six‘in‘the mature stands. Five  of the_flushes in
the mature stands were observed in the mature hardwood-white
pine stand. Nine flushes were observed during piot
sampling, three in the’ciearcuts end six in matureustands
(four in the mature hardwood-white pine stand);

There were ineufficient observations of flushed grouse
to estimate grduse density on the study area. HoweVer,‘the
greatest number seen in a single day's walk of the fall
transects was eight; the maximum number observed in winteri
was four. |

Horizontal eovef at 1.0m and 2.0m, understory canopy
cover, and total canopy cover were different among’stends:
(P=0.0001), but not different (P>0.05) between fell and
winter (Table 5.2). Seasonal differences indhofizontal
cover at 1.0m and 2.0m did nof occur because most deciduous
leaves had fallen during the fall sampling period.
Horizontal cover at 0.5m was different among stands

(P=0.0001) and greater (P=0.0001) in the fall than the
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Number of sample plots, horizontal cover (%) at heights of 0.5,
1.0, and 2.0m, understory canopy cover (%), and total canopy cover (Z) in
forest stands in fall and winter. ‘ 4

Horizontal cover Understory Total
: canopy canopy
"0.5m 1.0m 2.0m cover cover
Stand (season)! N X SE X  SE X SE X SE X . SE
4 yr old (F) 18 75 5 32 6 29 6 64 4 66 8
clearcut (H) 18 59 6 19 3 14 3 49 4 7 6
16 yr old (F) 17 51 & ' 25 2 26 4 71 4 90 2
clearcut (W) 18 B2 ‘5 ‘2'5 2 24 . 3 70 4 82 5
18 yr old (F) 17 5. 7 29 3 33 6 77 . 5 ‘83 5
-clearcut (W) 18 45 5 30 5 27 3 75 4 82 5
Clearcut (F) 18 82 5 28 ' 5 27 -5 "85 7 82 4
bottom (KH) 18 58 6 2¢ 5 21 4 52 6 76 6
Mature : .
hardwood- (F) 15 28 5 ‘14 3 15 2 64 6 98 1
white pine (W) 15 26 & 8 -3 22 &4 60 6 99 1
Mature ) ‘
hardwocod- (F) 20 52 5 15 2 19 3 40 3 97 1
laurel (W) 18 40 5 17 [ 19 5 46 é 99 0.3
Mature (F) 15 43 ‘7‘ 113 3 13 2 l6 3 96 0.2
‘hardwood-NE (W) 15 30 5 8 2 7 1 21 5 98 0.3
Mature (F) 16 29 4 13 3 20 4 31 5 99 0.2
hardwood-SH . (W) 15 20 4 13 3 i8 5 34 6 99 0.3
Mature )
thinned (F) 15 44 5 10 2 11 2 14 3 9% 1
hardwood (W) 15 31 7 10 1 11 2 15 [ 92 1
Mature
cove (F) 15 29 5 9 3 9 2 17 4 99 0.2
hardwood (W) 15 19 4 8 2 7 1 15 4 99 0.2

lseason abbreviations:

F=fall, W=winter.
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winter. There were no interactious (P<0.05) between season
and stand for any cover variable measured. 'In general, mean
values for understory canopy cover and horizontalvcover at
1.0m and 2.0m were greater in clearCut”étands than in mature
hardwoods as would be expected because of the well-developed
shrub layer. Mean total canopy cover was éreater in all
mature stands than clearcut stands also as expected. The
relatively high mean understory canopy cover in the mature
hardwood-laurel stand and the mature hardwood-white pine |
stand was the result of their laurel and white pine
understories, respectively.
Only weights of evergreen leaf and herbaceous leaf

forage classes were tested for season and stand differences
because other forage classes occurred only in small amounts
(fruits) or in the case of deciduous leaves consisted of
species not used by grouse for food (e.g. leaves of oaks,
maples, dogwood). The availakility (kg/ha) of evergreen
leaves of woody plants was greater (P<0.01) in fall than
winter and differed (P<C.01l) among stands (Tables 5.3, 5.4,
5.5. 5.6). In general, ulearcut stands coutained greater
quantities of evergreen leaves than mature stands. Howéver,
there was a season x stand interaction (P=O.d1). The fall
to winter decrease in evergreen leaves tended to be‘g:eater

in clearcut stands than mature stands because clearcuts had



" Table 5.3. Dry weight and frequency of occurrence (number of plots) of forages in five of ten forest stands sampled from

October 1 to November 7, 1983.

4 year-old 16 year-old 18 year-old Clearcut Mature thinned
clearcut clearcut clearcut bottom hardwoods
(N=18) (N=18) (N=18) (N=18) (N=14)
Forage X SE  Freq. X ~ SE Freq. R 'SE-Freq. R SE  Freq. X SE  Freq.
Leaves, evergreen
woody plants )
Total 165.1 28.3 18 84.6 12.9 17 108.1 16.3 -16 57.0 12.3 ll.lv 98.4 17.0 14 .
wintergreen 123.6 18.5 18 © 63.7 11.4 17 40.2 12,2 14 1.3 1.1 2 90.5 17.5 14
arbutus 33.2 15.1 10 15.7 6.0 ° 24.1 7.3 10 C.6 0.6 1 2.0 1.9 2
devberry 5.2 4.7 4 4.9 2.8 3 34.2 8.0 14 44.6, 13.1 16 1.4 0.8 6
laurel 1] 0 0.7 0.7 1 1] R - 1] 0.3 0.3 1 (] 0
partridgeberry 3.1 3.1 1 0 [1} 9.1 3.8 7 10.2 4.7 6 4.3 2.6 5
Leaves, deciduous
woody plants
Total g 2.% 1.2 9 19.6 8.5 11 | 6.2 ‘3.2 14 0.9 0.4 8 2.9 0.9 14
greenbrier ] 0.6 0.6 3 1.7 1.0 10 0.1 0.0 2 0.4 0.2 6
Leaves, herbaceous
plants .
Total 7 26.7 8.4 17 21.6 6.2 16 19.3 5.3 15 29.9 12.6 18 8.5 2.6 11
galax 18.4 9.0 10 16.6 8.6 8. 6.2 3.8 3 0 . ] 1] ) 0
pyrola 2.2 1.5 3 1] 5 10.2 3.2 12 0.8 0.5 4 2.9 1.1 8
grass 1.9 0.9 11 1.5 0.9 7 0.2 0.1 5 23.2 9.8 11 0.4 0.4 1
other forb§ 4.1 1.5 13 2.5 1.0 10 2.8 0.7 ‘10 5.9 3.6 13 5.2 1.6 11
Soft fruits
Total 0.01 0.001 4 0.06 0.06 1 . 0.04 0.02 5 3.3 2.5 8 0.3 0.3 7
greenbrier: o 0 0 1] 0 . 0 3.2 2.5 6 1] 0
dagwood ) -0 0.06 0.06 1 0 0 1] : 1] 0.3 0.3 2
~wintergreen 0.01 0.005 4 0. ‘o 0.01 9.003. 3 0 -0 0 0
partridgeberry 0 - 0 1] ] 0.064 0.03 4 0.02 0.01 2 0.02 0.03 2
Hard fruit
Total 0o - (1] 0 (V] 0.01 0.01 1 [ 1] 1]

pifference between the iotal welght of a forage class and the sum of 1ho individual foragas equals the weight of the

unidentified forage species.-

0Ll



Table 5.4. Dry weight and frequency of occurrence (number of plots) of forages in five of ten forest stands sampled from
October 1 to November 7, 1983. .

Hature . Mature Mature hardwood Mature hardwood Hature cove

hardwood-NE hardwood-SH ~whita pina -laurel hardwoods
{N=15) (N=15) . (N=15) (N=20) (N=14)
quagel X SE Freq. . X SE  freq. X . SE  Freq. X SE. Freq. X SE  Freq.
Leaves, evergreen
woody plants
Toiél 5.0 7.1 15 48.9 7.8 14 24.1 11.1. 14 8l1.1 11.1 19 23.2 8.1 12
wintergreen 48.3 4.8 15 34.1 6.4 14 20.3 4.9 13 58.2 10.6 19 23.2 8.1 12
arbutus © 5.7 3.3 -4 7.2 2.6 9 0.8 0.8 1 2.8 2.0 3 0 1]
doviberry o [} 0 1.0 0.3 8 - 2.4 1.0 5 0 0 [} [}
laurel 0 [+ 4.2 4.2 1 B 0 19.9 5.9 9 1] (1]
partridgeberry 0 [] 0.3 0.2 3 0.6 0.5 2 0 0 0 0
Leaves, deciduous
woody plants -
Total 4.5 1.4 10 3.1 1.0 14 1.6: 11 8 10.2 3.6 16 4.9 1.6 12
greenbrier 0.4 0.3 -3 1.5 1.1 8 0.1 0.1 3 1.36 0.4 10 0.6 0.3 [
Leaves, herbaceous
plants
Total 16.4 10.8 é 4.8 2.0 11 6~.0:' 2.7 15 16.0 4.9 13 3.9 2.9 4
galax 16.2 10.8 4% 2.4 1.7 2 -0 : 0 15.8 4.9 10 3.7 2.9 4
pyrola 1] 1} 1.2 0.5 7 3.3 1.6 9 0.1 0.1 1 0 (1]
grass (1] 4] 0.2 0.2 3 - 2.1 1.4 9 0.03 0.03 1 o 1]
other forbs . 0.2 0.1 3 0.6 -~0.3 7 - 2.6 0.8 13 . 0.04 0.03 2 0.2 0.1 2
Soft fruits
Total t 1 0.086 0.045 6 - 0.001 0.001 2 o (1] 0 1
- greenbrier o [} 0 o [} : o 0 [\} 0 [)]
dogwood 0 o 0.080 0.046 3 o 0 0 0 0 : 0
wintergreen t 1 0.003 0.003 1 0.001 0.001 2 1] (1] 0.003 0.003 1
pértridgebel‘l‘,y 0 0 0.'021 0.013 0 0.001 0.001 2 1] 0 0 0
Hard fruit ‘ 7 ) .
Total . 0.33 0.18 4 - 0.02 0.02. 1 0 0 © 0.04 0.04% 1 0.31 0.15 4

lpifference batween the total weight of a foraga élass and the sum of the individual forages equals the weight of tha
unidenitified forage species. : :

LLL



TYable 5.5. Dry weight and frequency of occurrence (number of plots) of forages in five of ten forest stands sampled from
February 1 to March 10, 1983,

4 year-old 16 year-old 18 year-old Clearcut Mature thinned
clearcut clearcut clearcut bottom hardwoods
(N=18) (N=18) (H=18) (N=18) (N=14)
Forage g SE  Freq. 8 .  SE Freq. X SE  Freq. R SE  Freq. X SE  Freq.
Leaves, evergreen
woody plants
Total 49.4 8.6 18 34.0 5.4 18 31.4 4.7 18 16.7 15.8 13 59.1 9.0 15
wintergreen 40.1 7.9 17 21.8 3.3 18 13.8 3.8 16 2.7 1.6 5 43.8 9.6 14
arbutus 8.6 3.2 8 12.2 4.1 8 4.6 1.8 9 (1} 1] 1.6 1.1 4
deviberry 0.7 0.5 2 0.04 0.03 3 2.5 0.7 13 1.6 0.5 13 0.3 0.1 [
laurel 0 (1} (1] 1] 1] 0 0 [} 5.3 5.3 1
partridgeberry o o 0 1] 10.4 4.3 7 12.4 5.7- 8 8.0 3.6 8
Leaves, deciduous
woody plants
Total V] [1] 1] 0 0.02 0.02 1 0 [} 0.01 0.01 1
greenbrier 1] 0 0 0 0.02 o0.02 1 [} 0 0 0
Leaves, herbaceous
-plants
Total 5.8 2.8 13 9.2 5.5 8 5.0 3.2 13 ‘ 4.5 1.1 -17 18.8 15.7 14
galax 5.0 2.8 6 8.8 5.4 5 3.2 3.2 1 0.5 0.5 .1 16.0 15.2 4
pyrola 0.2 0.2 1 0.3 0.2 3 1.3 0.5 11 1.4 0.8 5 1.7 0.6 11
grass 0.1 0.05 3 0.02 0.02 1 0.2 0.1 5 0.2 0.1 13 0.02 0.02 1
other forbs 0.5 0.2 10 0.1 0.03 3 0.3 0.1 8 2.4 0.9 11 1.1. 0.5 10
Soft fruits
Total 0.002 0.001 O 0.01 0.005 3 0.02 0.02 1 0.02 0.02. 1 0.0.6 0.03 7
greenbrier 1} 0 0.01 0.005 1 0.02 0.02 O 0.02 0.02 -1 1] 0
dogwood [} .0 1} 0 [} 0 0 ‘ 0 0 0
wintergreen 0.002 0.001 0 1] 0.005 0.005 [1] ] 0.01 0.01 4
partridgeberry -0 1] 0 0 0 0 0.005 0.005 2 0.0r 0.03 3
Hard fruit
Total ] 0 1] 0 1] 1] 1] 0 0.02 0.02 1

Difference between the total weight of a forage class and the sum of the individual forages equals.the weight of the
unidentified forage species. . :

el



Table 5.6. Ory. weight and frequency of occurrence (number of plots) of foragas in five of ten forest stands sampled from
February 1 to March 10; 1983.

HMature Mature " Mature hardwood Mature hardwood Mature cove
hardwood-NE hardwood-SH -white pine ~laurel- hardwoods
(N=15) (N=15) {N=15) - (N=18) (N=14)
Foraga 1 b3 SE  Freq. X SE  Freq. R SE  Freq. R SE Freq. X SE  Freq.
Leaves, Evergreen
cody plants .
Total 21.3 5.3 15 21,0 4.9 11 6.3 16.0 13 §5.4 17.3° 15 12.5 3.9 12
wintergreen 17.1 4.5 15 11.4 3.3 11 11.0 4.2 13 29.9 14.2 13 9.1 2.7 11
arbutus . 4.0 2.2 6 5.7 2.6 [ 2.4 2.% 1 3.7 1.6 [ 0 [i]
devberry . 0.1 0.1 1 0.4 0.2 -6 0.6 0.3 7 (1] : [1] 0 (1]
laurel 0 1] 1.4 1.4 1 0 1] 21.7 11.0 8 3.5 3.0 2
partridgeberry 0 0 0.3 0.2 3 ~0.6.. 0.5 2 .0 0 0 ]
Leaves, daciduous
woody plants
Total 1] [ 0.03 0.03 2 0.03 0.03 1 (1] ] 0.03 0.03 1
greenbrier [] ] . 0.03 0.03 2 0 [] ] 0 0.03 o0.03 1
Leaves, herbaceous
plants
Total ' 1.5 1.0 3 1.1 0% 7 5.1 1.6 16 8.9 53 7 0 o
galax 1.5 1.0 2 1] (] (1] o 8.8 5.3 7 (1] ]
pyrola ) 0. 0.8 0.3 7. 3.2 1.0 12 1] ] 1] ]
grass 0.05 6.05 1 0.1 0.1 2 0.4 0.2 7. 0.08 0.07 2 1] [1]
other. forbs 0 : 0 0.2 0.1 7 1.5 0.7 13 (1] o 1] o
Ferns
christmas fern 0 ‘ o 1.0 10 1 o ) ) 0 0 o
Soft fruits
Total 0.005 0.005 3 0.01° 0.0056 5 0 0 6.001 0.001 2 t 1
greenbrier 1] 0 0 - 0 0 0 ] ) 0 0 0
dogwood [ . [} 0 . 0 0 o 1] 0 o 0
wintergreen 0.005 0.005 3 0.01 0.005 5 1] 0.001 0.005 2 0 1]
partridgeberry 0 (1] [] : 0 0 0 0 0 0 1]
Hard fruit
total ' 0 0 0.13  0.13 1 0 0 0 0 0 (]

Ipifference between the total wexght of a foraga class and the sum of the individual forages equals the wexght of the
unidentified forage species.

eLL
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greater amounts of evergreén 1eaves.l‘Leaves of»évefgreen
woody plants were the most‘common‘forégeé‘in’ali stands in
both fall and winter. Evergréen leaves aétounted for~63-89%
of the mean forage biomass in all stands in fail and 74-§9%
in winter. Wintergreen leaves were the most common
evergreen fqragevavailable in all stands with the exceptioh-»
éf the cléarcut'bottom in the fall when dewberry.leaVes
predominated. Thé tbtal amount of laufel leaVes:in the
mature hardwood-laufei sﬁénd was not determinedvbecause
leaves higher than 0.5m aboveithe‘ground were‘notvcollected.‘
Herbaceous leaf biomass decreased (P<0.0l)'fr9m fall to
winter aﬁd was different'(P<0.05),among stands (Tables,5,3,‘
5.4, 5}5, 5.6). In general, herbaceous leaf bidmaés waé
greater in clearcut than matUré Stands; - However, thefe was
ia season x stand interaction (P<0.05). As was the case for
.evergreen leavesh thé'decrease‘in.herbaceous leaf biomass
fended to be‘grééter in‘cléaréutlstandsgthan mature stands.
The majority of herbaceous leaves in stands consisted of
either galax, pyrcla, or grass.“ Christmas fern was not
~abundant in the study‘afeé and ocburredjiﬁ’ohly a few plots.
Of the deciduous leaves collected (Tables 5.3, 5f4’ |
5.5, 5.6), only greenbrier is commonly eatgn by grouse.
Total biomass of greenbrier leaves was underestimated in the

fall because leaves on vines greater than 0.5m above the
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groﬁnd were not collected during‘ﬁhe fall sampling period.
However, by the winter sampling period, greenbrier leaves on
elevated vines had fallen or turned brown and this
measurement problem did not occur. |

Acorn production was poor in the area during the year
of the study (Tables 5.3, 5.4, 5.5, 5.6). Soft fruit
évailability was low during the fall, except in the cleangt‘
bottom where greenbrier fruited heavily. Soft fruit
availability was low in all stands during winter.
Meésurement results were consistent with field observations
that fruit availability‘was'low in all stands during the
fall except fof.the,cleafcut bottom and néarly'ail of}
greenbrier fruit in the clearcut bottom had disappeared by 1
February.

Leaves of mountain laurel, trailing arbutus;
wintergreen, and dewberry all had high levéls of total and
tannin phenols,(Iable 5.7). Predicted ME values of these
forages were low, ranging from 1.93-2.10 kcal/g. Galax énd
pyrola, both evergreen herbaceous specieé, also were‘high’in
tannin phenols, but had slightly higher predicﬁed ME values.
In contrast, leaves‘of partridgebefry, which was classified
as an evergreen woody forage, were low in tanhin phenols énd
higher in ME (2.53 kcla/g) then other evergreen leaves.
Wintergreen and partridgeberry fruits were low in tannins

and had moderate levels of predicted ME.
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Table 5.7. Neutral detergent solubles (NDS); total phenols, tannin
phenols, gross energy, and predicted metabolizable energy (% and
_ kecal’/g) of hand-collected winter forages of ruffed grouse.

‘Total Tannin

: NDS phenols phenols ME GE ME
Forage1 (%) (&) (69 (%) <(kecalsg) (kcalsg)

Laurel 1. ' 70.0 17.5 7.0 40 5.25 2.10
Arbutus 1. : 65.7 13.0 7.1 G0 .81 1.93
Wintergreen 1. 66.2 10.7 6.6 43 . 4.84 2.08
Dewberry 1. 72.3 14.3 5.0 45 .63 2.038
Partridgeberry 1. 74.6 2.7 0.04 57 6.66 2.53
Galax 1. 74.8 8.9 6.1 52 4.32 2.24%
Pyrola 1. 77.9 16.5 8.7 43 4.66 2.23
HWintergreen f. 67.5 5.3 2.4 438 .61 2.21

2 1.2 0 %9 6,71 2.19

Partridgeberry €. 64.

lplant part abbreviations: 1.=leaves, f.=fruits.
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'DISCUSSION

| The appareht prgferenggwbgwg:¢g§g for the clearcut
stands in the fall was pfobably relatedlééJéhe'¢o§efv
pr;;idéd by the relatively dense vegetatidh.“frequent use
of habitats with a well-developed>understory is well
documented in other areas (Bump et al. 1947, Berner and
Gysel 196%), and is consistent with findings«fqr |
transplanted grouse in Tennessee (White and Dimmick 1978,
Gudlin and Dimmick 1984). The highest rélative use (grouse
flushed/km) for the clearéut bottom may have been influenced
by the high fruit production in that area, but there were
too few observations to be conclusive. Observétions of
grouse in the mature‘hardwood—white pine stahd~iﬁ the fall
~and winter may have,been due to the clumps of white pine
present and to the close proximity to'the clearéuts.

Evergreen leaves were available in large quantities in

nearly all stands in the study area in late winter.‘ These
forages have low to moderate levels of ME, low levéls of
protein (see Chapter 3), and high levels bf’tanniﬁ‘phenols.
Tannins are known to have a variety of detrimental
physioiogical'and nutritional effects ontbiids”and mammals
(McLedd 1974, see Chapter‘S). Based on foocd habits studies}~‘
grouse apparently avoid use of evergreen leaves because they

occur in the diet only during the late winter period (see
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Chapter 3).‘ Two of the most common evergreén species found -
in the présent study, wihtergreen.and trailing_arbutus, wére.k
. similarly found in abundance in mature and clearcut stands
in December in the Broad Run Wildlifé Reééarch Area in
southwestern Virginia (Harlow et al. 1975). 'Wintérgreen-and
fréiling arbutuS'leaves have not been found in large
quéntities in food habits studies in the Southeast (see ‘
Chapter 3, Smith 1977, Staffdrdvand’Dimmick 1979,.Seehorn_et‘_,
al. 1981). Specific fypes of iannins or other_proﬁective |
compounds in these,forages may cause grouée to avoid feeding
on them. Partridgebérry leaves were iow in phénols and have
~ been fqund in food habité studies for grouse (Nelsén et al.
1838), but they are not a commonly used forage (Smith‘1977,
Stafford and Dimmick 1979, Seehorn et al. 1981). The high.
availability and low recorded use of these easily adéeésiblé
evergreen species'suggests that they are not a valuable food
resource for groﬁée.

Herbaceous leaves in crop contents of grouse collected
in the Southeast are high in ME and have low levels of total
" phenols (éee Chapter 3). }Of the herbaceous iéaves é?ailable

'in this stﬁdy area,,galax‘and pyréla were hiéh in tannins,
and grasses arevrarely eaten by grouse. »Othér unidentified
herbaceous forbs found in‘the pfesenﬁisﬁudy7may ¢¢ﬁétiéute a

vhigh gquality food resource; however, biomass'of'these
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forages was low in winter, wvarying from 2.4 kg/ha in the
clearcut bottom to 0.1-0.5 kg/ha in the three'other clearcut
stands and zero in many mature stands. Harlow et al. (19751
also found that herbaceous rorb blomass was low, varying
from 0.1 kg/ha in mature oak-plne stands to O.o‘kg/ha in 7
year-old clearcuts .in December

Grouse. act1v1ty in the present study was centered
around the clearcut stands. The potential of clearcut
stands in this study area for meetlng energy requlrements of
grouse in w1nter can be calculated from forage blomass
measurements and estlmates of energy requirements for ruffed
grouse. Captive ruffed crouse on a diet of commercial
Purina Gamebird Chow consume an arerage ofv0.655bkcal/g of
ME per gram of metabolic body weight in the fall and winter
(Appendix Table A.l). The average of male»and female body.
weights in fall and winter in southwestern Vlrglnla is 630g
{Norman and Kirkpatrick 1984). Based cn these data, a 630g
lgrouse'would reguire 82 kcal/day. ‘Thls est;mate’probably is
an underestimate of the energetic cost Qf lfreefliving' for
grouse. |

" For theethree upland clearcut stands (excludes'the
clearcut bottom), mean biomass oﬁ_evergreen leaves of woody
plants varied from 31.4 kg/ha in the 18—§earfoldnclearcut to d

E]

43.4 kg/ha in the nyeareold.clearcut during the'winter
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sampling period. Using an approximation of 2.00 kcal of ME
per gram of everéreen léaves and an‘energy requirement for
grouse of 82 kcél/day, the'calculated ME available iﬁ a 10
ha (25 acres) clearcut with the above”range of evergreen
leaf biomass could theoretically support 127 to 201 grouse
for a 60-day peﬁidd (late.Qihter). /However;vés explained
previously; the two most common evergreen leaves,
wintergreen and‘trailing arbutus, are rarely found . in lérge
quantities in‘céops*of groﬁse, indicatingnthat these:
carrying capacities are substantial overestimates.

Mountain laurel is the only evergreen species
frequently fed upon by grouse in the Southeast (Smith 1977;
Stafford and Dimmick 1979, Seehorn et al. 1981, see‘Chapter
3). It is not unusual'for‘mountain laurel to occur in
’regenerafing clearcuts,‘but laurel was not found in largevi
gquantities in clearcuts in the present study. Thebbiomasé
of laurel leaves ih the mature hardwood-laurel stand was
high (21 kg/ha) and could theoretically sﬁpply food for a
large number of grouse. In addition, individual dense
thickets of laurel would contain many times the average
biohass.recorded for this stand. Althbugh eaten by ruffed
grouse in substantial amounts in late winter, the‘low ‘
nutritional quality of laurel leaves may limit the value of
this fdrage as a long-term winter food resource (see Chaptef

3).
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.Uniégntified‘forb biomass in the upland clearcuts
variééﬂfrom 0.1 to 0.5 ka/ha. rThese forbs may represent a
high quality food fesburce forvgrouse, The ME Ofi
unideﬁtified herbaceous forbs was not measured; however, the
predictéd ME pf herbaceous leaf samples from crops of grouse
from Virginia was 2.78‘kCal/g (see Chaptefb3).“USing this -
ME wvalue, 0.1 to 0.5 kg/ha of herbaceous forbs in a 10ha
clearcut could theoretiéally'support 0.5 to 2.8'grouse for
60 days. However, if the average ME value of crop contents '
is an overestimate of the ME of forbé found in the present
study (grouse probably select fofbs with higher than average
ME), and if the estimate of winter energy_requirements is
greater than 82 kcal/day as suspected; then carrying
capacity estimates based on these herbaceous forbs'may
actually be nearer to zero. The clearcut bottom contained
greater amounts of herbaceous forbs than the upland
clearcuts; however, it is unknown whether 2.5 kg/ha found in
that area is sufficient fpr efficient foraging by grouse.

In Cﬁapter 3, it waé'hypothésized that ruffed‘grouse in
‘the Southeast utilize low quality evergreen leaves in the'>
winter when supplies of higher quality fruits, herbaceous

leaves, and deciduous leaves have decreased. 1In the three

- . and commonly used herbaceous fcorbs probably were not
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apundant enough to supportvgrousevin late>wintér,‘which

‘would have,neéeSSitatéd usé‘of e&ergfeen forégeérby grouse
occupyingvthose'habitats. The nutritional consequences.of é
'dietary shift to low quality evergreén leavesvinvlate wintér

is not known, but warrants further investigation,
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RESEARCH NEEDS IN RUFFEﬁ
GROUSE NUTRITIONAL ECOLOGY

v Results of the present study raised a number of
questions for future research and delinated a number of
.areas where informationvon ruffed‘grquSe hutritional ebology
was lacking. Below is a list of research needé,'some of

which have been mentioned in individual chapters.

1. The effects of tanﬁin phenols on the prediction (using
vequations described in Chapter 1) of metabolizable energy of
forages of ruffed grouse needs further étudy (see'Chapter 1
for further discussion). The ME of forages‘high,iﬁ tannins
may be overestimated by the prediction equation deécribed‘in

Chapter 1.

" 2. The lack of informatibn on the‘extent torwhich ruffed
grouse digest hard seeds of soft fruits éomplicatés efforts
| to measure the @etabolizable energy of natural diets.
Controlled studies could easily provide this information»as-
well as provide a better understanding of theivalue-of soft

fruits as a food resource.

3. Bone marrow fat haslpoténtial as a‘fat index for ruffed
grouse. It may be possible to develop a method of

distingishing grouse with depleted fat reSérVes by visual

184
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inspection of bone marrow. The ulna bone may have the
greatest potential for use because marrow fat is preéent in
the ulna of waterfowl (Hutchinson and Owen 1984), and the

ulna can be easily be collected from hunters.

4. The effects of high levels of dietary tannins on ruffed
grouse nutrition and physiology need to be determined.
Studies could beiconducted with natural forages high in
tannin content and with purified tannins added to commercial
feeds. Dietary protein levels may strongly influence
results in such studies (Lindroth and Batzli 1984). and,

therefore, are an important consideration.

5. The adegquacy of mountain laurel as a winter forage for
ruffed grouse needs specific study because of the
potentially toxic compoun@s it contains. Based on the
limited data available, it appears that low (10-30%) levels
of intake of laurel are tolerable for ruffed grouse. Future
studies need to examine the effects of long-term use of
laurel at moderate levels (50%) of‘intake and short- and
long-term use at high levels (75-100%) of intake. Adequate
acclimation of captive rﬁffed grouse to high fibervdiets'and

laurel diets would be necessary.

6. The hypothesized importance of quaking aspen flower buds

as a winter food resource of ruffed grouse in northern
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.ecosystems is well,knownlto grouse}biologists. The
nutritional value of quaking aspen flower buds and‘winter
catkins of,other,tree species (i.e. hazelnut,‘birohes,'and»>
hophornbeam) needs to be determined experimentally, 'Earlier
work on the metaholizability‘of aspen flower'buds by ruffed
grouse (Hlll et al. 1968) was hlghly cr1t1c1zed by other
reseachers._ The problems encountered in that research
probably were due to inadequate acclimation of captlve
grouse to aspen;bud dietsr However; captlve.grouse can be

acclimated to low fiber diets and natural forages{‘,Also,

- drying and grinding forages used in experimentslmay provide

more reliable’estimates of metabolizable energy thah’feeding'
"~ whole forages if.captive‘birds do not ha&evwell developed
gizzards. Grindihg forages to a large particle‘slze
probably would not 1nfluence results because the glzzard of
wild grouse appears ef:1c1ent at orlndlng these types of

forages.

7. In southeastern:states, soft frults are: the prlmary
forages of ruffed grouse through January ngh soft fruit
production may be a characterlstlc of suitable grouse |
habitat in fall and w1nter Relatlonshlps between soft
-fruitkavallablllty and habitat use by ruffed grouse‘needs

investigation.
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8. Food availability during the eérly,breeding period of
ruffed grouse needs investigation in the Southeast (see
Chapter 4). Food availability may strongly influence the

. suitability of habitat for breedihg. In addition, There is
4

gsa'neéd for information on the effects of poor quality diets

(low protein, energy, and/or food intake) in late winter and
early spring on subsequent reproductive performance by

- ruffed grouse.

9. - Fat reserves of many male ruffed grouse collected in
spring in Virginié were depleted. There is a need for
similar condition studies of male grouse in northern

ecosystems for comparison. Depleﬁed fat reserves in the

'Southeast may be as much a result of inadequate food

availability as breeding activity.
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Appendix A
ENERGETICS AND DIGESTIVE CAPABILITY OF CAPTIVE RUFFED GROUSE

Data on daily fdod consumption, metabolizable energy
intake (kcal/g BW°'75).and body weight change of céptive
ruffed grouse fed diets in metabolism trials described in
~Chapter 1l are reported in Appendix Table A.l,‘éionngithvthé
metabolizable‘energy (kcal/g) content of the diets. Initial
body weights were.récorded during the diet acclimation
period, twe days prior to the fecal ;ollectioﬁ period.

Final weights were recorded at the end of the collection
period. All metabolism trials were conducted in outdoors
enclosures in the fall and winter under natural temperature
conditions. The daily average of minimum and maximum |
temperatures during triél collection periods”varied from 3 F
to 10 C in the Experiment 1-Fall digestion trial, -7 to 4 C
during the initial Experiment 1-Winter digestion trials, -9
to 5 C during the Experiment 2 trials, and -11 to -10 C
during the Experiment 3 trials. |

Relationships between metabolizable energy intake (MEI)
and body weight change (BWC) for individual grouse were
examined by regression analysis for each experiment:

Expt. 1, Fall MEI=1.45(BWC)+609 r=0.47 P=0.007, N=32
Expt. 1, Winter MEI=36.2(BWC)+559 =0.69 P=0.001, N=25

Expt. 2 ~ MEI=14.0(BWC)+603  r=0.56 P=0.001, N=30

189
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Expt. 3 MEI=23.9 (BWC)+715 =0.70 P=0.001, N=29

wherei MEI=metabolizable energy inpake in’ﬁoal/day/BWﬁ;75
BWC#percent changejin body»weight

Predicted metabollzable energy 1ntake at zero welght change
in the above regressions (1ntercept Values) for each
experiment were var1able, ranglng from 559 kcal/day/BW°o75v
in the Experiment 1 wlnter trlals to 715 kcal/day/BW°~75 in
Experiment‘4; Metabolizable energy intake was,likelyj |
influenced by femperarure and diet palatabillty.

The apparent digestlbilities of neutral detergent fiber
(NDF) and acid detergent fiber (ADF) in diets_fedlto captive
grouse in the three experiments described in Chapter 1 are
presented in Appendix'Table A.2. Both NDF’and ADF 7

digestibility tended to be low~(<2b%) except'for the diets
1:containing large amounts of acorns (Experiment 3). Apparent
fiber digestibility-estimates may be»affecfed‘to an unknown
degree by high levels of.phenols in some diets. 'Tannin'l |
phenols can form complexes with dietary or endogenous
protein which may elevate fecal fiber levels and therefore,

depress apparent fiber digestibilities.



Appendix Table A.1. Summary of energetic data for captive ruffed grouse fed diets of

commercial feeds and/or natural forages in three experiments described in Chapter 1.

Metabolizabie

cinquefoil 1. (20)

-10.6

i Dry Body Initial
Matabolizable matter energy weight body
energy of diet intake ‘intake change - weight
tkcalsg) (g/d) tkcalzd/BH ) z) (g)
Dietls?2 N T X SE X SE X SE X SE X SE
Experiment 1, Fall
.Gamebird chow (G) ¢ 3.15 0.06 28.5 1.4  0.68¢ 0.03¢  +1.6 1.7 674 &7
Horse chow (H) 4 1.80 0.07 46.0 2.6 0.697 0.053 -0.2 1.5 591 35
H-aspen 1. 4 1.64 0.08 3.6 4.9 0.465 0.091 -5.5 1.8 628 21
H-chokeberry f. 4. 1.75 0.07 41.1 3.4 0.612 0.084 -6.6 3.1 587 37
H-grape f. 4 2.00 0.05 32.0 4.4 0.529 0.078 -5.1 3.0 601 23
G-autumn olive f. 4 2.9 0.04 23.4 1.9 0.506 0.033 -0.1 1.3 701 4%
G-cinquefoil 1. 4 2.57 0.09 29.9 3.5 0.574¢ 0.074 -1.2 1.1 688 31
G-strawberry 1. vv4 2.57 0.09 27.7 2.1 0.543 0.048 -1.7 1.2 669 39
Experiment 1, Winter
Gamebird chow 3 3.04 0.03 27.8 1.4 0.627 0.027 +1.3 0.2 669 26
Horse chow 3 1.47 0.05 36.2 10.1 0.407 0.119 -4.0 3.1 670 39
G-birch b. -3 1.99 0.07 33.9 2.0 0.501 0.003 -0.3 0.4 686 19
H-acorn 3 2.53 0.06 27.2 7.5 0.561 0.184 -1.7 1.4 662 67
H-fern 3 1.55 0.01 25.9 3.7 0.320 0.064 -5.0 1.1 656 67
G-laurel 1. 3 2.17 0.2 - 25.4 2.1 0.420 . 0.069 -4.4 0.8 673 33
H-apple b. % 1.49 0.03 37.8 4.7  0.45¢ .0.081° -1.5 1.3 639 51
G-aspen b. 4 1.85 0.05 36.0 2.7 0.509 0.036 -2.4 1.5 666 22
Experiment 2
1. Cherry f. (58), o ) ‘ : S
clover 1. (40) % 2.69 0.08 26.9 1.7 0.5817_0.049 -2.0 0.7 632 53
2. Corn (73), ‘ '
dandelion 1. (25) 4 3.33 0.07 27.6 1.5 0.840 0.041 +1.9 0.8 526 22
3. Hawthorn f. (38),
strawberry 1. (40), :
3 1.73 0.06 = 23.0 2.2 0.346 0.025 - 2.6 572 36
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Appendix Table A.1. Continued.

Dry Metabolizable Body Initial
Metabolizable matter energy weight body
energy of diet intake intake change weight
(kcal/g) (g/d) (kcal’zd/BH ) %3 (g)
Diefl ’2 N X SE x SE - x SE X SE .. X SE
4. A. olive f. (28),
clover 1. (40), .
dandelion 1. (30) 3 2.23 0.03 30.6 3.4 0.575 0.101 -3.1 1.3 606 81
5. A. olive f. (73), :
honeysuckle 1. (25) 4 2.62 0.04 23.6 1.5 0.516 0.033 -3.2 0.9 591 7
6. Grape f. (58),
laurel 1. (25),
Christmas fern (15) 3 1.9¢ 0.14 28.4 1.0 0.499 0.029 -6.1 3.3 593 30
7. Grape 1. (58),
greenbriar 1. (40) 3 2.02 0.05 21.4 4.4 0.442 0.097 -¢.0 2.0 564 37
8. Sumac f. (50), .
a. olive f. (24),
grape f. (24) 3 1.5¢ 0.03 39.6 0.3 0.512 0.003 -13.3 7.9 562 20
Experiment &
Red oak f. (70) '3 3.63 0.08 16.5 2.2 0.508 0.037 -5.8 3.6 591 115
Red oak f. (50) 3 3.31 0.03 25.3 1.2 0.678 0.020 +0.5 1.2 615 13
Red oak f. (30) 3 2.99 0.05 27.6 4.2 0.690 0.086 ~-1.4 2.5 582 15
White oak f. (70) 3 3.39 0.03 27.8 0.9 0.783 0.045 +0.1 1.4 597 27
White oak f. (50) . 3 3.23 0.03 28.6 2.1 0.756 0.018 +0.7 0.8 605 37
White oak f. (30) 3 2.91 0.02 36.9 2.8 0.828 0.039 40.4 2.0 806 28
Chestnut oak f. (70) 3 ) 3.07 0.09 23.4 2.6 0.582 "0.032 +1.1 0.1 607 28
Chestnut oak f. (50) 3 2.98 0.06 29.3 1.4 0.735 0.018 +1.1 0.1 586 47
Chestnut oak f. (30) 3 2.54 0.03 38.4 2.4 0.838 0.050 +4%.1 0.4 670 77

Inumbers in parentheses following forages listed in diets are percentages

diet.

2plant part abbreviations:

l.=leaves, f.=fruits, b.=buds.

of forages in

T6T
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Appendix Table A.2. Apparent digestibilities (%) of neutral
detergent fiber and acid detergent fiber by captive ruffed
grouse fed diets of commercial feeds and/or natural forages
in three experiments described in Chapter 1. ’

Neutral Acid
detergent detergent
fiber fiber
Diet!,?2 | N ' SE x SE
Experiment 1, Fall
Gamebird chow (G) 4 27.3 3.6 10.5 = 4.3
Horse chow (H) 4 13.9 2.3 6.6 2.6 .
H-aspen 1. 4 5.0 1.0 1.1 0.5
H-chokeberry f.. 4 6.2 2.4 1.2 2.6
H-grape f. 4 14.1 3.4 2.5 2.2
G-autumn olive f£f. 4 16.2 1.7 8.3 3.1
G-cinquefoil 1. 4 17.3 2.3 8.9 3.9
G-strawberry 1. 4 23.3 4.8 13.7 5.1
Experiment 1, Winter
Gamebird chow 3 21.7 1.5 2.0 - 2.5
Horse chow 3 5.6 1.0 2.4 0.8
G-birch b. 3 9.4 5.2 1.4 5.3
H-acorn 3 12.6 1.0 7.6 1.6
H-fern 3 2.9 2.1 -3.5 2.9
G-laurel 1. 3 14.7 2.2 12.3 2.6
H-apple b. 3 12.3 1.9 8.1 1.7
G-aspen b. 4 8.9 0.8 -2.6 0.4
Experiment 2
1. Cherry f£. (58), .
clover 1. (40) 4 12.9 1.2 7.5 1.3
2. Corn (73),

~dandelion 1. (25) 4 17.9 1.6 3.8 2.5

3. Hawthorn £f£. (38),
strawberry 1. (40),
cinguefoil 1. (20) 3 14.1 2.8 10.4 3.1
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Appendix Table A.2. Continued.

4, A. olive £. (28),
clover 1. (40),
dandelion 1. (30) 3 14.0 1.3 6.2 1.8

5. A. olive £. (73), ‘ ‘
honeysuckle 1. (25) 4 10.0 1.6 11.1 1.6

6. Grape f£. (58),
laurel 1. (25),

Christmas fern (15) 3 11.7 0.6 6.3 1.4
7. Grape 1. (58), ;

greenbrier 1. (40) 3 8.0 2.3 4.0 3.1
8. Sumac £. (50), |

a. olive £. (24), - : ' ‘ v

grape f. (24) -3 18.7 3.3 1l4.8 3.1

Experiment 4

Red oak £. (70%) 3 26.6 2.4 14.2 4.2
Red ocak f£. (50%) 3 17.0 1.0 3.6 3.3
Red oak £. (30%) 3 11.7 2.6 5.3 2.5
White oak £. (70%) 3 53.8 0.5 10.1 1.9
White oak £. (50%) 3 40.8 1.0 11.8 3.7
White ocak f£. (30%) 3 23.9 1.5 9.6 2.4
Chestnut oak £. (70%) 3 50.6 1.3 13.3 3.0
Chestnut oak f£. (50%) 3 30.8 0.6 6.6 1.6
Chestnut oak £. (30%) 3 18.3 1.0 4.5 0.8
Basal diet 3 11.6 0.8 5.8 1.5

INumbers in parentheses following forages listed in
diets are percentages of forages in diets.

2Plant part abbreviations: l.=leaves, f.=fruits,
b.=buds.



Appendix Table B.i.‘

Appendix B

MEAN SQUARE TABLES

Mean squares for predicted éarcass'fat

of ruffed grouse collected in North Carolina from November-
February between November 1981 and February 1984.

Source DF ‘Mean square P-value
Month 3 76.3 0.0576
Sex 1 134.1 0.0361
Age 1 20.8 0.4040
Month x Sex 3 8.1 0.8461
Month x Age 3 56.7 0.1317
Sex X Age . 1 71.3 0.1246
Month x Sex x Age 3 30.2 0.3910
Error 102 29.8 :

Appendix Table B.2.

Mean squares for testes weights of
ruffed grouse collected in Virginia in March and April
between 1982 and 1984.

Source DF Mean square P-value
Year 2 0.045 0.7785
Month 1 0.874 0.0427
Year x Month 2 0.131 0.4948
Error 15 0.178
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Appendix Table B.3.
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‘ Meah squares for ovarian (log
transformed values) and oviduct weights of ruffed grouse
collected in Virginia 1n March and April between 1982 and

Error

1984.
Mean square P-value

Ovarian Oviduct . Ovarian Oviducf

Source DF weight weight weight weight
. Year 2 - 0.26 9.65 0.1455 0.0106 .
Month -1 11.89 644.72 0.0001 0.0001
Year x Month 2 0.02 0.56 0.9242 0.7419 .

33 0.13 1.84

Appendix Table B.4.

Mean squares for percent carcass'fat
and lipid index of ruffed grouse collected 1n Virginia in
March and April between 1982 and 1984.

R

Carcass fat Lipid index
Source DF MS P-value MsS P-value
Year (Y) 2 50.6 ° 0.2391 76.9 0.3686
Month (M) 1 299 0.0048 532 0.0106
Sex (8) 1 1339 0.0001 2502 0.0001
Y x M 2 1.33 0.9622 1.01 0.9867.
x S 2 15.0 0.6492 27.6 0.6955
X S 1 18.7 0.4642 7.2 0.7591
X M xS 2 19.7 0.5672 26.6 0.7053
rror 50 34.4 75.57
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Appendix Table B.5. Mean squares for whole body weight (g)
and carcass fat weight (g) of ruffed grouse collected in
Virginia in March and April between 1982 and 1984.

Fat weight Body weight

Source DF MS P-value MS = P-value
Year (Y) 2 96.5 0.5286 . 442 0.8017
Month (M) 1 1127 0.0084 4229 0.1514
- Sex (8S) 1 3904 0.0001 808 0.5272
Y x M 2 5.32 0.9651 1410 0.4978
Y x S 2 56.5 0.6874 3670 0.1692
M xS 1 46.3 0.5803 27388 0.0005
Y xM=xsSs 2 39.4 0.7695 789 0.6751
Error 50

149.6 1993
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Appendix Table B.6. Mean squares for horizontal cover at
0.5, 1.0, and 2.0m heights, understory canopy cover (UCC),
and total canopy cover (TCC) in fall and winter in forest
stands in a study area in southwestern Virginia.

Horizontal cover

0.5m 1.0m 2.0m

uce

"Error 312

361

Source DF TCC -
Season (SN)
Mean square 1 9758 230 - 750 125v 54
P-value 0.0001 0.2674  0.0821 Q.5572v' 0.6256
Stand (SD)
Mean square 9 9208 1998 1641 16958 .. 4140
P-value 0.0001 0.0001 0.0001 . 0.0001 0.0001
SN x SD |
Mean square 9 438 189 312 300 149
P-value 0.4952  0.4278 0.2530 0.5890 0.7474
468 ° 186 246

226
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Appendix Table B.7. ANOVA table for Hettmansperger-McKean
procedure for two-way analysis of variance with interaction
using the ranks of the residuals for the weights of
herbaceouse leaf and evergreen leaf forage classes measured .
in fall and winter in ten forest stands in a study area 1n
southwestern Virginia.

_ Mean  F :
Source Reduction DF reduction ratio  P-value
Herbaceous 1.
Season (SN) 4.8220 1 4.8220 12.55 | <0.01
Error © 269 0.3842
Stand (SD) = 7.2234 9 0.8026 2.09 <0.05
Error ‘ S 269 0.3842
SN x SD 8.1084 S 0.9009% 2.33 <0.05.
Error - 260 0.3860
Evergreen 1.
Season (SN) 124.61 1 124.61 73.22 <0.01
Error : 269 1.70
Stand (SD) 201.50 9 22.39 13.16 <0.01
Error 269 1.70 '

SN x SD 73.99 ) 8.22 - 4.60 <0.01
Error 260 1.79 , '




. Appendix C
SEXING RUFFED GROUSE IN THE SOUTHEAST

The length of mid-rectrix feathers is 6ne of the most
commonly used criteria for sex determinétidn in ruffed
grouse. Grouse with mid-rectrix lengths greatef than lScm‘
are classified as males, and those with mid-rectrix lengths
less than 15 cm as females (Larson and Taberv19803183).
However, geographic variation in rectrice lengths, which
necessitated use of region-specific lengthrcriteria, has
been reported within Ohio (Davis 1969) and north-central
states (Larson and Tabef 1980:183). The number of white
dots on the terminal end of rump feathers (1 dot for females
and 2 or 3 dots for males) was reported as an accurate (99%)
 criterion of sex in Quebec. Studies on the accuracy of
sexing techniques for grouse in the southeastern U.S. have
not been reported. In the present study, two techniques,
mid-rectrix lengthiand the number of rump feather dots
(Roussel and Oueilet 1975) were tested wifh 62 ruffed grouse
collected in southwestern Virginia in March and April during
1982-84. | |

Twenty-four male and 38 female rufféd grouse were
‘ collected in Virginia. Sex was determined by examination'of

 reproductive organs. Mean * SE mid-rectrix lengths for
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females was 14.4 + 0.1 cm, with a raﬁge of 12.6-16.6cm. The
mean lengﬁh for males was. 17.8 * 0.2, withva range of
16.1-19.4cm. Using a 15cm length as a clessification
criterion, all males were correctly classified, Whereas, 4
(11%) of the females were misclassified as males. All 62
grouse were correctly classified using the rump feather
method.

Distributions.of length data for mid-rectrices of
grouse‘collected in Maine (N=221), Wisconsin (N=86), New
York (N=117), Ohio (N=64), Virginia (N=117), North Carolina
(N=151), and Georgie (N=74) in fall and winter between 1981
‘and 1984 were examined for evidence of‘geogrephic variatiqn.
There was some evidence that mid-rectrix lengths in North
Carolina and Georgia were greater than inkﬁorthern states,
Of the 424 rectrices collected in Maine, New York, and
Wisconsin, only 2 (0.5%) were >19cm in length (Figure C.1).
'In contrast, 18 rectrices (24% of total) cellectea in
Georgia and 16 rectrices (117 of total)»collected in North
. Carolina were >19cm in iength. Three (5%) and 4 (3%)vof'£he
rectrices cOllected_in Ohio and Virginia, respectively, wefe
>19cm. Comparisons of mean lengths befween states are
inappropriate because lengths vary with both age and sex
(Davis 1969), both of which were unknown. However, adult

males are known to have the greatest average mid-rectrix
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;lengths (Davis 1969), and the greater number of’rectrices
319¢m obéerved‘in North Carolina and Georgia may be an
indication that the average rectrice length of adult males
in the Southeasf is greater thén inknofthern stateé. . If the
mean reétrix lengths for other age-sex classés also are
greater in the Southeast than northern‘areas then critical
measurements for sex classification by mid-rectrix lengths
would be greater in the Southeast than in the North. This
is supported by the fesults for the grouse frovairginia of
known sex which indicated that rectrix lengths of females
exceeded 15cm in 11% of the cases. Using 15cm as a
classification’point; sex ratids (females:males)'fdr both
North Carolina and Georgia were 25:75. This highly
unbalanced ratio is probably“due in part to the
misclassification of some adult females.

Sexing criteria déveloped for OChio grouse (Davis 1969)
are probably the most appropriate available for use in the
Southeast region because classification points are greater
than 15cm (<16.1lcm and <15.3cm for adult and juvenile
females, respectively). A disadvantage of this method is
that accurate age classification is required. 'Using the
criteria for Ohio may improve accuracy for sexing grouse in
the Southeast; however, there is sufficient evidence for

geographical variation in rectrix lengths to warrant study
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of specific criteriayforEsdutheastern states. A better
alternative may be the use of rumpvfeathers for séx'
detérmination;a This method was highly accurate‘iﬁ-Virgihia
and Quebec (Rodssel~énd-0uellet 1975), appears'to‘be
“independent of‘age, and:dOes ﬂot depend upon the méasureméﬁt

of a continuous variable.

LITERATURE CITED

Davis, J. A. 1969. Aging and sexing criteria for Ohio
ruffed grouse. J. Wildl. Manage. 33:628-636.

Larson, J. S., and R. D. Taber. 1980. Criteria of sex and
age. p. 143-202 in S. D. Schemnitz, (ed.). Wildlife
techniques manual. 4th edition. The Wildlife
Society. Washington, D. C. 686pp.

Roussel, Y. E. and R. Ouellet. 1975. A new criterion for
sexing Quebec ruffed grouse. J. Wildl. Manage.
39:443-445.



The vita has been removed from
the scanned document



	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170
	0171
	0172
	0173
	0174
	0175
	0176
	0177
	0178
	0179
	0180
	0181
	0182
	0183
	0184
	0185
	0186
	0187
	0188
	0189
	0190
	0191
	0192
	0193
	0194
	0195
	0196
	0197
	0198
	0199
	0200
	0201
	0202
	0203
	0204
	0205
	0206
	0207
	0208
	0209
	0210
	0211
	0212
	0213
	0214
	0215
	0216
	0217
	0218
	0219

