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AIFSTRACT

The populaticn denzity, standing crop blomass

consuriing biom versity aqd slandard wetasnolism of
avign and mamralian communities were guantificd over
an annual cycle from studies of [Tocdplain and upland
forest plots in Hart Woecds, Champsign Counby, Tllinois.
The Fleodplain bhird and ooernal populstions each con—
sistently had pgresier po wbicn dessity, s
rop biomess, consucing blomass acd stands»d mevabosism
tran their ccutterparts on tlic uplanad Avian diversity
was highest on the Zlocdplaln. 'lotal ancual minical
energy budgets are: fiocdpiain mammals, 3,506 Heal;
flocdplain birds, 3,371 M upland warmsls, 2,680
Mza?, and upland birds, 2,21% Meal.

TITRODUSTION

Zurveys of mammals and birds vreseont in decidusus loresl are
commonplace in biologlcal liigrature. loupiistion €stimates of sin
apecies or censuses of total aviarn or mewralian nopalaticns are [rog
encountered. Taere have been, howsver, Tew sttempls te guiantify simul-—
taneously the populations of keth groups at a single
entire annual cycie. The lollowing sludy was made hecaise It wag felt
thit such an =nslysis might give new information shout the relative
importance of thess iwo components of deeciducus forest and Zurther
reveal now these comunities interact.

=

[FisJsiN

The populalion Zata for this siudy wers cblained in Herl Memorind
Woods, a streanside lorest on the cast bank of the Sangancn R in
Champalgn Dounty, Hear Mahorcel, Ll inpois. "2is zrea consists
hectares (73.5 acres) of bubs rJIJJ_c..wU. o wiplain and 2.0 hectares
(8L.0 acres) of wpland forest snd fs part o a 'Iar'gm" forest ar
Lodeseription ol tie vegetstion of this forest has been pub_ ished
elsewhere (Rool, L95%; 3lem and & )

tari, Tn pres .;,'.

LTINS
forian popuiations woere as cd hy reans of transgest counts along
rows of shakes “oat 20 M dintervaels throughout Zhe forest,  Sbvious
transients were excluded from ihe cabtu.  Thres or more coanbs wore ooce
per mosln Irom Fehruary, 1668, L9 Zxowdedlicn,
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a singing male census was made by the spob-map method (Willlams, 1936;
Kendeigh, 194L) from March through August of both years.

Wooden live traps (Fiteh, 1950} placed at 15 M intervals were used
to capture small mammals cn a 1.8 hectare grid on the upland and a 1.3
hectare grid on the floodplain., Mamrals were collected from August,
1966, through fugust, 1967, on the floodplain. Censuses were made edch
nonth except December, ;966, January, 1967, and May, 1967, when weather
conditions or flooding made trapping impossible. Ambient temperature
was recorded by thermographs maintained on each plot throughout the
study. Ten trapping pericds each of eight consecutive days were
completed in both areas. Population levels of the white-footed mouse,
Peromyscus lencopus, were estimated by mesns of Jolly's (1965}
stochastic model (Blem and Blem, In press). Absolute numbers were
used as populstion estimates of small mammals other than Peromyscus,
since capture-recapture dats were imsufficient for the stochastic
model. The species involved are shorttail shrew, Blarina brevicauda,
l=ast shrew, Cryptotis parva, prairie vole, Microtus ochrogaster, pine
vole, Microtus pinetorum, house mouse, Mus rmusculus, and Norway rat,
Rattus norvegicus. Densities of fox squirrels, Seiurus niger, eastern
cottontail, Sylvilagus floridanus, and woodehuek, Marmota monax, were
determined from maps of repeated cobservations during traansect counta.
The cvecurrence of white-talled deer, Odocoileus virginmisanms, red fox,
Vulpes fulva, striped shunk, Mephitis mephitis, lengtail weasel, Mustela
frenata, muskrat, Ondatra zibethicus, raccoon, Procyon letor, and opossum,
Didelphis virginiana, was of a transitory nature, and these species are
not included in the following analyses. DBats were observed bub neither
identified nor guantified and are alsc omitted from the total census.
A crude estimate of the number of eastern moles, Scalopus agquaticus,
was obtained by plotting substrate disturbances on the grids.

Diversity was calculsted as H'=L/N (¥ log)g ¥ - Iny loggg ni), where
 is the total population and n; is the number of individuals of species
i (Lloyd, Zar, and Karr, 1968). Standing crop hicmass (5CB) was computed
from published live weights of the appropriate species and our population
estimates. Consuming biomass (CB) was obtained by summing weights adjusted
to the exponent most clesely related to metabolism in the group {8alt,
1957, Crowell, 1962). Metabolie rate of passerine and nonpasserine birds,
when considered as separate groups, varies in proportion to body weight
to the 0.72 power {Lasiewski and Dawscn, 1967), while mammalian metabolism
increases with weight to the 0.75 power (¥leiber, 1961). Gtandard metabolism
is a rinimal level of metabolism, usually measured while the animal is at rest
in a postabscrptive condition, and, as defined by Kendeicgh (196%), may
include the energetic costs of thermoregulation. Metabolism of free-living
animals is influenced by many factors including diet, activity, behavier,
seasor, time of day and population density {Buckner, 1964}, ESince it was
impossible to measure the effects of all of these factors, standard
metabolice rates of total populations were caleulated in srder to compare
the minimum epergy requirements of the mammal and bird commuznities.
Kitopalories per animsl-day was obtained from the folleowing eguations:

Passerines (Kendeigh, 1969)  0°C ameh.77 w 0-417
30°C SM=0.88 w 0-693
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Nonpasserines (Kendelgh, 1¢

Tedents zormputed from pub 1ed_ yalues TTuW many sources)

= & v
0°C  GM=E. 1.5
2000 SemiLhp oy 0197

where SM is standard metsbolism in Feal fanimal-doy dnd iz weight in g.

Tnierpolaticns proportiona’ to resn menthly tomocratures were made
Detween equaticns so as to vredicl minlimal daily energy expencilires.
The daily standaro metaboism of mamwals other Lhan -odeunts was
celeuiated from published wvalues “rom masy sourceos.  Total standard
metabolism {(SM) iz expressed in megecslorics (Meei) whics equal 167
Eea” .  Asnual encrgy dbudzets were caleulaled by summing daily 5M
f multiplied by days in the month. Trnterpo_aled walues were
used in whieh data were lacking. Taired t-teosts worc
wied “ £ inzident monthly estiwmates o sopulation denslity,
SCE, CB, and 3. & 5% lovel of si in all statis
tesus,

INSUTTS

gntesn specices of wammals were delecled om 2oth study ploss (see
Mathods ). Qe white-focted nmouse and shorilail shrew were the maost
sbundant of eleven resident species. Thirty-Iive species of hirds
wern cengised on bobh nlots. Thme mozst abundant wers Bed-heuaded Wood-
pecker, Helanerpes crythrocepnalias, Cardinal, Cardinalis cardinaiis,
and Tulted Yitmouse, Parus bizsolor, & comdplets “ist of the popuiztion
density, diversity, standiz; crop blomess, consuming hiom and
metabkolism of a’l species recorded on both plots is Irom bl
auchors upon regquest.

Bize and diversity o7 totel avian pepulallons are cenzistentty
greater on the Z_oodpiain. Humber of spocies and ‘na1V1du‘is, civersity,
SCE, CB znd 5K the twe stucy areas are statistically different.
Maxirmm pepilaticn wensity, 3CE and CH occur during July and August at
bobh sltes. Diversity indices are highest and fairly stable from
May through Auguast,  Aversge maxivnam Tloodplain 5C3 and CB is 2.1 X
vaiues for ithe uplac Peak BM ococurs in July and dugust, and average
floodpiain values for the’c months are 1.4 ¥ upland values. 'I'ne annusl
avian enzrpgy buodget for SM amounts to 3,371 Meal/LlOD acres in Las
floodplain, or about 1.5 X the aznzal eznergy budget of 2,216 Meal/L00
acres calgulated for the upland.

Sk

Althougn floodplain mawna! popuiallocns are signiticantly larger
vhan toose of the upland, noe Jdifference In number of zpocics or
diversity was detected., Muxlimum population d ity during this atdy
ocourred in July and August on Lhe upland and qust throuzh Septomber
on Lhe Tloodolain, Upland EM i grealest in Ovluber and Septenbor in
the upland and flocdalein forests respeetively . FPlot difTerenczes in
G205, O ane 8M are pll statictically “ignifi"unt Maxirmim “loodplain
3C3, OF and &M are 2.3, 1.% and 1.5 X larger than corresponding upland
vaiues. The aznual mammalisn enersy budgel of he Tloodolain is 3,846
¥eal, and iz 1.4 X greater Lhan the upland estimate of 2,680 Meal.
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Tavle —. Populstion dexsities per 120 ascres (= 10 heotares).  Numher

of specles is in varecothescs.

Time intcrval Tocdp_uin Lpnnd

Sirdas Marmmale Birdsz Mammals
Yol 1966 237 {7} - PaT 11] -
Mara¥ aTL Iy - 23 {14; -
April 366 (181 - 273 (13 -
My 813 (28] — 439 (22) -—

Jet. 273 {11 1620 (7} 189 {10} HANGS
Hev. 355 {12) 1339 (5] 206 (10] e (6)
e, ATG LR _ LAl {Iq) —
Can. LYY B3 (12 - 188 (0] —

March PGT(12) e {7 165 {12} 287 (8)

pri’ 308 (G€) 360 (5] IT0O(13) w96 (5

ey - 1o (£1) —
June T053 {26) #ie (5] €371 (21 hbe (6]
July lohe {8} 674 [21) 900 {7}
aug, LT3 APGT 139 f) g7l {2l) B0 (T)
Beopt. 25> {13 1250 (6] 209 (8 -
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Table 2. Standing crop bicmess (B) end consuming biomass {CB) in Kg

per 100 acres (= 40 hcctares),

Time interval. Floodplain : Upland

Birds Mammats Birds Mammals

B CB B CB B B B CB
Feb. 1966 8.6 2.8 - - 12.5 3.5 - -
March 10.3 3.3 - - 13.5 3.8 - -
April 19.5 5.5 - - 7.0 47 - -
May 37.9 111 - - 2h.0 6.6 - -
June 4.9 128 - - 268 7.5 -
July 63.9 18.6 - - 32.3 9.1 - -
Aug. 63.9 18.6 - - 32.3 9.1 53.8 15.6
Sept. 1.5 4,0 12k.2 30.0 12.1 3.3 50.7 1ik.0
Oct. 13.0 3.8 80.8 22.8 $.1 2.5 ho.2 11.2
Hov. i7.2 L.9 k2.2 15.6 8.5 2.5 27.4 3.9
Dec. 16.8 5.0 - - 8.3 2.k - -
Jan. 1967 15.9 5.1 - - 7.6 é.l - -
Feb. 19.7 5. 26,8 7.3 6.4 2,0 3%.2 7.8
March 9.6 3.0 58.7 1o0.7 6.8 2.1 29.6 6.9
April 16.8 bt 83.7 1k.5 11.3 3.1 28.0 6.0
May bo.1  11.9 - - 22.0 6.1 - -
June k6.3 13.8 ok.7 16.2 32.3 g.i 3k.5 8.9
July - 70.8  20.8 107.4 23.5 33.2 9.4  53.0 14,9
Aug. 70.8 20.8  113.2 26.1 33.2 9.4 54.1 15.4
Sept. | -1h5 Lo 111.2 25.2  12.0 3.3 - -
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Upland avian ponulaticns congistently have fewer total individuals
ol more speclez and grester diversity than thelr mammaliazn coanterparts.
Yplapd marmel popuinticns have greater 5CK and OB than avian populations,
und exeept for June through August, use a grealer amount of energy.
Monthiy differences between bird and mammal sstimates are statisticaily
significant in all of the above comparisons.

SIBCUSE10H

Allhough Lhe mmber ol species of hreeding birds at both sites
g onot cxeceptlionalty Jarge, population densities exceed previous
catimates in similar habitats in Illincis (Fawver, 1947; Case, 196L; Karr,
1969, Medificaticn of the communities by the death and decay of elms
mey be partly responsible Zfor such large populallions. For example,
weodpeckers make up 25.6 and 27.4% oF the total flocdpiain avifuuna for
1466 and 1967 vespectively; uplend vaiues are 1L.6 and 20.0%. Karr
(1969 vensused undisturbed boltomlend and upland [orest with many dead
clma in east-ceniral Illizois in -966; 19.2 and 25.2% of these species
in vhesc respective avian communitiss were woodpeckers, Population
densilics of Red-headad Woodpeckers at Yart Woods during the course of
cur study were the highest we have encountered.

Twoe avian population peaks {execluding transients) occur during the
year in bath habitats. The larzer peak ocours at the end of July and
beginring of August alter nesting is completed. At the end of the
neslling pericd and ralsing of young there iz a rapid decrease in the
gize of the populaticn. This decrease is similar to that demcnstrated
by Wiliiams (1936), Twomey (2945) and Fawver (1947). 3y September,
the population reaches an snnual Iow. At this time nearly all summer
residents have departed, and gmany of She winter resideats asve not
yet arrived. The second peak ocours in winter From November to
Fehrusry when winter residents attein maximum popuiation densities.
Although individuals of permanent resident species remain throughout
<he yeer, population density Sluctustes somewhat. For example, many
Red-headed Weodpeckers winter in Harl Woods during some years, but the
gpecies may be absent during other winters, possioly because of scarcity
of fooad, Avian diversity was preateost on both sites during summer
(May—fuguss), and was lowest in midwinter. Btanding crop biomass,
consuming biomuss and standard metabolism ail reach highest levels in
culy and August when population densities were greatest.

Peak mammalizn populaiion density, standing crop bicmass, consuming
biomsss and standard metubolism were obtained in August-October, or
roughly during the pericd in whieh the avian pepulation is lowest.
Spring pepulations (Februsry-April) arc more diverse, probably because
of the increased eguitability of numbers of individuals withis a similar
vaber o species.  Targe nucbers of Percumyseus leucopus are responsible
Tor much of The autwrral peak.

Differences between [loodplain and upland poepulations de not
completely colncide with prediczted successicnal changes, possibly
becausze cf the increased spatial neterogeneity that accompanied the
death ol [ilocdplain elms and the ensuing opening of the bottomland
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Table 3. Diversity (H') and standard metabolism {SM) in Meal/100 acres

per day (100 acres = LO hectares).

Time interval Floodplain Upland

Birds Mammals Birds Mammals

H 5M H &M B sM H 8M
Feb. 1966 1.82 5.1 - - 1.92 5.8 - -
Mareh 2,11 5.1 - - 2.08 5.t - -
April 2.7 7.4 - - 1.98 6.0 - -
May 3.1 13.9 - - 2.87 7.9 - -
June 3.1L 15.1 - - 2.73 9.% - -
July 3.04 14,3 - - 2.79 9.8 - -
Aug. 3.0k 16.6 - - 2.79 11.0 1.02 8.1
Sept. 2.32 .7 0.72 17.7 1.82 3.7 1.06 9.6
Det. 2.2h 5.4 0.86 16.0 2.07 3.8 1.06 9.8
Wov. 2,21 7.1 Q.71 15.6 2.10 3.9 1.0b 6.3
Dec. 2.19 8.6 - - 2.00 L.1 - -
Jan. 1367 2.13 8.7 - - 2.03 b.1 - -
Feb. 2.17 9.6 1.39 7.8 2.03 ko 1,25 8.2
March 2.28 4.8 1.37 k.o 2.16 L.2 l.kz 6.3
April 2.66 5.9 1.09 3.8 2,38 3.7 1.28 4.3
May 2.91 11.2 - - 2.86 6.2 - -
June 3.19 12.5 1.21 6.0 2.81 9.0 1.29 s5.h
July 3.21 1k.5 1.12 1.1 2.80 11.% 1.29 9.3
Aug. 3.21 15.% 1.15 1k.o¢  2.80 12.¢ 1.28 9.5
Sept. 2045 L8 1.07 15.1 1.6L 3.8 - -



canchy. Among expected successicnal trends (Margaief, 1958, 1563,
Cdum, 196%) are increased organismic size, inercased biomass, decreased
energy flow per unit biomsss and decrezsed diversity In lute gerszl
stages. Over the entire year, average bird slze is greater upland
forest (50.8 + 1.8 g) than floodplain (47.3 + L.L g}, and is simitar

to average size ol treeding birds, 5C.5 and 47.4% g, respectively.
Flocdplain mammals average larger (120.3 + 30.3 g) thea thoss ol the
upland (78,0 + 9.7 &) although there is considersble variation st both
site=s. Biomass of mammals snd birds is consistently grealer on the
flocdplain. Encrgy oxpenditure in terms of standard nmelapolism per
uzit btiomass is similar for birds at both sites [0.377 + 0.026 Meal/
on “loodplain, 0.382 + 0.025 cn uplacd} tut is greaser for mamcals of
the upland forest than on the floodplain (0.123 + 0,011 Meal/Hp-day
and 0.154 + 0,033, respectively). Diversity is lowsr in the uplund
avian community, but there is no sigrificant differsnce betwoen
mammalian diversities.
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