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INTRODUCTION AND IBTUW OF LITiiiUTUHi.

The study of bioenergetics is relatively new to the field

of ecology, Since Lindeman (1942) postulated his trophio or

energy level concept, ecologists have become more aware of

energy relationships within ecosystems. Such classic studies

as those of Juday (1940), concerned with the energy budget of

an inland lake; Odum and Odum (1955) concerned with the trophic

structures and productivity of a coral reef community; and

Odum (1957) with investigations into the trophic structure of

silver Springs, Florida, indicated the need for energetics

research. Teal (1957) **de investigations into energy relation-

ships in a cold spring, and Oolley (I960) reported on energy

dynamics of an old field community. These studies indicate the

recent interest in energetics studies, Slobodkin (1962) and

Phillipson (1966) discussed the relevance of energy studies to

ecology and have presented a review of material concerning the

study of energetics in animal communities. Long (1954) intro-

duced calorimetric procedures to ecology, and emphasised the

importance of such tools in ecological research.

A study of avian bioenergetics has been in progress at

Kansas State University, Manhattan, since November 1961. Basic

to comprehensive studies of the energy dynamics of an organism,

it is necessary to be aware of variations in energy content of

foods available to, and consumed by that organism. When bio-

energetics studies are conducted on unconfined granivores,



differences in energy content of consumed seeds may be of major

importance. Davis (1951:12) suggested that plants growing on

infertile soils supplied inadequate energy requirements for

domestic and wild animal growth.

Little information is available concerning the influences

of site upon energy values of seeds. However, workers in the

field of agriculture have been concerned with problems of food

production, energy requirements, efficiency of food utilization

and general animal nutrition for many years. Sufficient infor-

mation is available concerning the effects of the environment

upon plant growth in general. The seed or fruit is an integral

part of the plant, thus one may assume that influences upon

the plant as a whole may affect the quality as well as quantity

of seeds produced by that plant. Kraus (1925:514) has sub-

stantiated this assumption with experimental data suggesting

all growth after initiation of fruiting is primarily devoted

to seed or fruit production. Moulton (1918) discussed energy

requirements for growth and provided a general review of early

energetics concepts. Fraps (1944) reported the production

energies of feeds as related to their age and also reported

energy values of feeds for domestic fowl; similarly, Robel and

Harper (1965) gave gross energy values of two species of wild

seeds utilized by unconfined bobwhites (Colinus virginianus ).

Armsby and Fries (1916 and 1917) presented net energy values

of hominy (Zea mays ) and maize ( Sorghum vulgare) meal for

cattle and also determined net energy values of feeds consumed



by other ruminants.

Many studies have been conducted to ascertain the chemical

compositions of forage plants utilized by animals* Fudge and

Fraps (1944) reported the relationship of different soils to

the chemical composition of forage grasses from the Gulf Coast

Prairie. The nutritive value of pastures was discussed in

great detail by Woodman et al. (1926, 1927, and 1929). Auchter

(1939) stated the composition of plants grown on different

soils in the same climatic regions vary both in organic and

inorganic constituents. Edwards and Goff (1935), however,

found no correlation between chemical composition of five

species of grasses and different soils of four growth sites in

Hawaii. Stoddart (1941) studied the influences of soil, site

and date of collection on the chemical composition of snowberry

( Symphorioarpos rotundifolius ). and stated that site had a

highly significant influence upon protein content and that soil

type significantly influenced total ash and protein content in

the plants.

Gradually, bioenergetics research involved with primary

consumers became centered around the requirements and factors

affecting production of primary producers. Soil structure,

texture and depth were found to influence growth, production,

nutrition and composition of plants (Stephenson and Schuster

1937). Albrecht (1941) discussed conditions favorable for soil

organic matter and ion availability for plants. Stitt (1958)

reported yields of seven species of grasses were highly



correlated with precipitation during the April-Kay period and

the nitrogen content of the aoil. leather conditions, thick-

ness of A. horizon, soil density and slope aspect affected seed

yields of corn (Zja, mays ) (Gdell 1950). Van der Paauw (1962)

has shown that alternating periods of low or high rainfall

affected soil fertility, plant yields and responses of plants

to fertilization, experimental data from six bluegrass (Poa

pratcnsis ) pastures in Pennsylvania showed a correlation between

soil properties and pasture productivity (Wynd and iteinbaur

1948). However, soil texture was found to have no affect upon

the growth rate of red pine (Pinus reainoaa ) in lower Michigan

(Van Eck and Whiteside 1963). App and Wolf (1945:313) have

shown the influence of soil organic matter and pH on the yields

of some vegetable crops and stated that a soil organic matter

content of 1.5 percent and soil pU between 6*0 and 6*5 was most

satisfactory for cultivated legumes. Gray et al. (1957:357)

mentioned differences "as yet undetermined" associated with two

different growth sites influenced the composition of turnip

( Brassica so.) greens enough to significantly affect their

nutritive value as animal foods. The importance of water as an

agent of food and nutrient transfer to the plant through the

root hairs was discussed by Auchter (1939)* Jlope drainage and

soil particle size had major effects upon the growth and pro-

duction of black locust ( Hobinia pseudo-acacia ) and black

walnut ( Julians niger ). however, soil pli had no effect upon

these species (Auten 1945). Beeson (1955) reported the nutrient



element content of broomse&ge (Andropo«on vlrginicua ) and

switch cane ( Arundinaria tecta ) in relation to location and

land forms in iouth Carolina Coastal Plains* Jeed yields and

evapo-transpiration rates of sudangrass ( oorghum vulgare var.

gudanenae )* starr millet (Paalcum sp.) and sart sorghum

(oorghum vulgare var. sart ) increased as available soil moisture

levels increased (Bennet et al. 1964). Cook and Harris (1950:43)

reported the effects of site presented marked differences in the

stem-leaf ratio and protein and ash content of seeded wheat

grasses (Agropyron spp .) in Utah. Crockett (1964) found soil

type and geological formation to influence the distribution of

plants in the Wichita Mountains wildlife Refuge of Oklahoma,

similarly. Gates et al. (1956) found that soils influenced

plant distribution on salt-deserts in Utah. However, Dunn and

lyford (1946) reported soil texture did not markedly affect the

growth of barley (Hordeum vulgare), sunflowers ( Helianthus spp .)

or potatoes ( Jolanum tuberosum). Kik (1945) stated that the

nutritive value of herbage of forage species may be affected by

soil fertility, soil moisture, soil type, temperature and

botanical composition. McVickar (1949) found no significant

correlation between nutrient oontent of white oak ( uercus

alba ) leaves and corresponding values for the A horisons of the

soils on which the trees were growing. Wright (1962) reported

that soil water-deprivation treatments did not markedly influ-

ence yield or percent protein in blue panicgrass (Panicum

antidotale). However, Cornelius (1950) stated that seed pro-

duction of wild grasses in Kansas was dependent upon favorable



moisture relations, moderate air temperature and fairly high

humidity. Long (1934:336) stated that in plants, soil series

yielded the most "consistent and striking modification in

response to varying water content." Ward (1959) suggested

that a balanced nutrient supply, whether at a low or high

level, generally resulted in forage of approximately the same

nutrient composition, but caused variation in seed yields.

Grist and Weaver (1924) found chemical composition of the soil,

especially the concentrations of nitrogen and phosphorus,

significantly influenced the yield of barley seeds. West and

Meng (1966:610) found no significant differences in energy

content of plant parts of willows ( oalix spp . ) of the same

species at different locations in Alaska. However, in Cali-

fornia, Long (1934) observed differences in energy values of

plants in response to light intensity, soil type, length of

day and amount of soil nutrients. West (1967) presented

detailed information on the bioenergetics of the tree sparrow

( Spizella arborea) in Illinois and discussed energies of foods

consumed as well as efficiencies of food utilisation, simi-

larly, Zimmerman (1965) discussed the bioenergetics of the

dickcissel ( Spiza americana ) in both its tropical wintering

and temperate breeding ranges. Ellison (1966) reported energy

contents of foods consumed by Alaskan spruce grouse ( Canachites

canadensis ) in Alaska and observed no significant difference in

energy contents of two species of spruce (Picea glauca and P.

mariana ) needles. Kendeigh and West (1965:544) presented



caloric values of winter foods eaten by birds and stated that

significant variation occurs in the caloric content of seeds

of different plant families and of species within the same

family, however, no data were presented for intraspecific

variability. After examining over 600 records of plants,

Golley (1961:583) reported that significant differences in

energy (caloric) content existed between plants collected in

different months and between plants collected in different

communities. Bliss (1962) reported caloric and lipid content

of alpine tundra plants. Wide ranges in fats present in plant

tissues are presented by Morrison (194-9M?able i). McNair

(1945) provided a discussion of lipid content of plants and

lipid variation with successive stages of growth and maturity.

KcNair (19^5:52) also pointed out, as did Bliss (1962:856),

that with increasing altitude and latitude and decreasing

temperature, there is a marked increase in caloric value of

plant material.

Since energetics is so essential to the understanding of

an ecosystem, and because the main producers of energy for

granivores are seeds, fluctuations in their energy content are

of major importance to ecologists. In the fall of 1966, a

study was initiated to determine the effects of growth site

upon the energy content of seeds consumed by bobwhites in the

Flint Hills region of northeastern Kansas.



8

MATi»HlALa AN J K&TH0D3

The Study Area

The Kansas Flint Hills region is a 20-mile wide topo-

graphic unit that extends entirely across Kansas from Marshall

county in the North to Cowley county in the douth. This area,

lying within the Nemaha uplift, comprises nearly 6,250 square

miles and has an average elevation of approximately 1500 feet

and a relief of about 350 feet. The streams in the Flint

Hills have deep, precipitous channels lined with outcrops of

flint-bearing Permian strata (ohoewe 1949). This study was

conducted in that portion of the Flint Hills within a 25-mile

radius of Manhattan, Kansas.

Five great soil groups are present within the study area)

chernosems, brunizems, planosols, lithosols and alluvial soils

(Bidwell I960).

The growing season in the Flint Hills region of Kansas

is approximately 180 days, with mean daily temperatures between

24 and 29 C. and a mean relative humidity of approximately 60

percent. The evaporation rate averages between 20 and 50

cubic centimeters of water per week. Hainfall averages 86

oentimeters per year, with 80 percent of this amount falling

between 1 April and 30 .September. A mean of 51 centimeters of

snow falls during the winter months. Wind movement is fairly

constant throughout the year and often excessive. Wind is an

important factor in promoting water loss from soil and plants



(Weaver and Fittpatrick 193*0.

Little blueatem ( .-.ndropo^oa scoparius )t big bluestem

( A. gerardi ), siieoats grama ( Bouteloua curtipendula ).

indlangraas ( Jorghastrum nutans ) and switchgrass (Panic urn

virgatum) are the dominant species of grass in this prairie

region of Kansas (Herbal and Anderson 1959)* Along streams

and lowlands, trees and shrubs are dominant species (Weaver

and Fitzpatrick 1934)*

For the Flint Hills region of northeastern Kansas,

Anderson and Fly (1955) described four distinct range growth

sites, each with significantly different topography, soils,

and quantity and quality of plant material, Lach of the four

range sites existed in the study area, namely; Lowland,

ordinary Upland, Limestone Breaks and Clay Upland (riate I).

Lowland sites received more than the normal amount of

water, and had postclimax vegetation. The Ordinary Upland

range site had adequate moisture to support climax vegetation

on the zonal soils. Ordinary Upland range sites included

lands with medium or loamy textured soils with sufficient

depth for plant growth. Lxcept for being situated on steeper

slopes, Limestone Breaks sites are similar to the Ordinary

Upland sites. Moisture runoff occurs readily in the Limestone

Breaks sites, and the soils are less developed. Plants are

similar to those on Ordinary Upland sites and may be considered

Common and scientific names follow Anderson (1961) and
Fernald (1950).



EXPLANATION OF PLATE I

Fig. 1. Hange growth sites described by Anderson
end Fly (1955). Numerals I, II, III, IV
delineate Lowland, Ordinary Upland, Line-
stone Breaks and Clay Upland sites,
respectively.
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climax. Clay Upland sites are lands with soils of low per-

meability. Plant-soil moisture relations are poor on Clay

Upland sites, hence a preclimax vegetation exists on these

sites, iiange site classification and description of major

soil units are listed in Table 1.

Seed Collections

Collection of Rhus glabra and Bromus japonicua seeds was

initiated on 26 August 1966. Ambrosia trifida and Cornus

drummondi seeds were first collected on 8 September 1966,

while seeds of Setaria luteacens were collected first on

25 September 1966. Hellanthua annuus seeds were first collect-

ed on 7 October 1966 and Solanua rostratum seeds on 30 October

1966. Collection of Hhus aromatica and Symphorioarpos

orbicuiatus seeds was initiated on 13 November 1966. The

majority of all samples were collected from 1 September to

30 November 1966. Duplicate collections of some seeds were

made at later dates. The last collection made was a replace-

ment sample of Solanua rostratum collected on 7 Harch 1967*

Seeds were collected from one, two, three or all four of

the major range growth sites at 21 different locations in

Geary, itiley and Pottawatomie counties, Kansas. Collection

areas were given numerical values corresponding to the order

which they were selected. Legal descriptions of these areas

are provided in the Appendix (Table 4). Collection areas were

selected on the basis of (1) the presence of well defined range
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growth sites, (2) the presence of desired plants yielding

sufficient quantities of nature seeds for collection, and (3)

the assurance that areas were natural and not artificially

fertilised. Collections were made from as many plants as

possible and as near the center of range sites as possible.

Samples of the same species were collected from each of the

four range sites in fire different areas resulting in 20 seed

samples collected for each species.

ieed collection was initiated when dispersal and/or

utilisation by animals of seeds of a particular species had

begun. Seeds of .thus glabra and R^ aromatlca, Comus drumaondi

and Syaphoricarpos orblculatus were picked individually from

different plants. Hellanthus annuus and Ambrosia trlfida seeds

were collected by hand-crushing seed heads. Bromus .iaponicus

and setarla lutescens seeds were stripped from the plants by

hand. Whole plants of Solanum rostratum were clipped and

placed on a tarpoline. These plants and their seed bearing

capsules were crushed and discarded and the seeds collected

from the tarpoline by hand. On certain occasions weather con-

ditions dictated the removal of whole plants to the laboratory

where seeds were removed from the plants, sufficient amounts

of seed material were collected to yield at least 5-grams of

oven dried seeds. Samples were deposited in polyethylene bags

and labeled with date of collection, range growth site from

which collected, species and location of collection. Detailed

descriptions, including compass bearings were made of exact
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locations of each collection.

Seed Processing and Caloric Determination

All seed material was brought directly from the field and

stored at -22°C. until analyzed. Respiration at -22°C. is

extremely slow and is not thought to cause significant changes

in either weight or energy content of seeds (Bailey and Gurjar

1316; knderson and Alcock 1954). To substantiate this fact,

a sample of Khus glabra collected from area 8 at all growth

sites on 19 .September 1966, was stored in a freezer for the

duration of the study and portions of this sample were analyzed

at monthly intervals.

jeeds were separated from plant fragments with the aid of

a set of Tyler nested sieves (0.42-4.70 millimeter openings).

Damaged or abnormal seeds were sorted and separated from

normal ones. Hormal Helianthua annuus seeds usually sunk when

immersed in a pan of water, whereas, those damaged or hollowed

by insect larvae would float. All other seeds were visually

inspected to detect insect damage or other abnormalities,

oeeds of Helianthus annuus . ambrosia trifida, Rhus glabra . K.

aromatica . Setaria lutescens and oymphoricarpos orbiculatua

were analyzed with the seed coat present. Glumes, lemmae and

paleae were removed from Bromus japonlcua seeds by abrading

the seed material through a Tyler 0.83 millimeter sieve. A

fan was used to blow the chaff from the seeds, which were

collected in a smaller 0.59 millimeter sieve. Cornua dr»mmondi
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fruits wore dehydrated in a drying oven at 60°C. for several

days, after which the pulpy material surrounding the pit and

seeds within, was abraded similarly to the method described

for Broaua .iapoaicua . This abrasion resulted in the formation

of a "slush" which was water soluble and was washed from the

remaining pits, oymphoricarpos orbiculatus produced fruits

which varied in size (0*5-7.0 millimeters) but only those

larger than 4.70 millimeters in diameter were retained and

analysed.

All seeds were spread evenly in labeled petri dishes and

dried at 60°C. for at least 48 hours. Jried seeds were ground

in a Wiley Moro model mill, employing 0.83-, 0.51-, and 0.41-

millimeter (opening) screens, to assure as much homogeneity

of particle size as possible. After milling, seed material

was returned to the oven to complete drying before analyzation

for energy content. Ground seed material was kept in the

drying oven at all times except when weighing samples, pellet-

ing samples, or making calorimetrio determinations, experi-

ments were conducted to determine the effects of absorbed

water on energy values of subsamples removed from the drying

oven and not stored in a dessicator. Samples were exposed to

conditions of known relative humidity and weighed at 5-minute

intervals to determine uptake of atmospheric water.

Prior to testing for energy content, each sample of seed

material was pelleted in a Parr 2811 press. Optimum pressure

to obtain a firm seed pellet varied between species* Seed
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material containing large amounts of oil ( alma glabra and |g

aromatica , Oornua drummondi and Golanum rostratum ) formed firm

pellets under approximately 260 kg/cm of pressure. In con-

trast, extremely dry seed material ( flromus daponicus and

^yczplioricarpoa orblculatus ) formed firm pellets only after

being compressed at approximately 1300 kg/cm pressure for

several minutes. Pelleted seed materials were weighed to

0. 0001-gram on a Lettier analytical balance, and ranged from

a mean of 0.4508 _ 0.0961 (^.~._) grams for Sympboricarpos
x

orbiculatus to a mean of 0.7924 + 0.2J10 grams for itbus glabra

(Table 2).

Analyses for energy content were made by igniting pelleted

seed material in a Parr series 1200 adiabatic calorimeter using

a Parr 1101 oxygen bomb under 30 atmospheres of oxygen. Ten

centimeters of Parr "Chromel C" fuse wire were used in ignition

of all samples. Parr Chrome-Nickel stainless steel capsules

were used as pellet containers, an electric water heater was

used to regulate the water temperature in the calorimeter

jacket, and a transformer type ignition unit was used to ignite

all samples, standardizations for water equivalent and other

test caloric determinations were made with benzoic acid

pellets. Mercurial thermometers with ranges from 18.8 to

35«0 G. were employed for all temperature determinations.

Temperature observations were made to 0.01°G. using thermometer

reading lenses. Temperatures were recorded when they stabil-

ized for at least three minutes after ignition.
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Corrections for formation of acids during combustion were

made by titrating the washings from the bombings with a 0.0725

normal sodium carbonate solution. Exothermic heat liberated

by burning fuse wire was determined by measuring the unburned

fuse wire with a ruler (2.3 cal/cm of burned wire).

Four analyses for energy content were determined for each

sample, using the same equipment. Caloric data were trans-

ferred to IBM computer cards and analysis of variance tech-

niques were used to test for differences of mean seed energy

values between and within range growth sites. Punched cards

were analysed by an IBM 1410-1401 combination computer system,

other statistical processes, including t-tests and the deter-

minations of standard errors of means and Fisher Least signifi-

cant Differences, applied to the data follow methods described

by Fryer (1966).

RESULTS

Eighty caloric determinations were made for each of the

nine species of seeds collected, resulting in a total of 720

determinations during the study. Results of 12 benzoic acid

tests made throughout this study showed a 0.5 percent varia-

tion, reflecting the precision of the equipment and procedure.

However, for seed materials, which were more variable in

composition and sise, a variation coefficient of not more than

2.5 percent for four determinations, was accepted as satis-

factory. Table 2 presents mean energy and titration values and

mean sample weights of seed materials tested.
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Mean energy values of Solanum rostraturn seeds for the four

growth sites were: Lowland, 5902.71 14.30 cal/gm; Ordinary

Upland, 6100.24 £ 14.30 cal/gm; Limestone Breaks, 6070.89 £

14.30 cal/gm; Clay Upland, 6003*46 + 14.30 cal/gm. All mean

energy values of seeds collected et range growth sites were

the result of 20 determinations; four determinations for the

saaple collected at each of five different areas. A pooled

mean of 6020.32 + 7*16 cal/gm was obtained for the total 80

determinations. Coefficients of variation ranged from 0*35

percent to 2.17 percent. The analysis of variance revealed no

significant differences (I > 0.05) of mean energy values of

->olanum rostratum seeds between range growth sites. However,

mean energy values between areas within sites were significantly

different (I < 0.05) (Appendix, Table 5).

Mean energy values of Rhus glabra seeds for the four range

growth sites were. Lowland, 5155*02 + 10.53 cal/gm; Ordinary

Upland, 5213*93 + 10.53 cal/gm; Limestone Breaks, 5058.32

10.53 cal/gm; Clay Upland, 5394.30 + 10.53 cal/gm. iiach mean

was the result of 20 determinations; four determinations having

been made for the sample collected at each of five different

collecting areas. A pooled mean of 5205*39 , 5*26 cal/gm was

obtained for the total 80 determinations. Coefficients of

variation ranged from 0.22 percent to 1.60 percent. The

analysis of variance revealed no significant differences

Mean standard error; all standard errors were calcu-
lated from the error mean square.
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(P> 0*03) of mean energy values of -thus glabra seeds between

range growth sites* However, mean energy values between areas

within sites were significantly different (P<.0.05) (Appendix,

Table 6).

Mean energy values of Ambrosia trifida seeds for the four

range growth sites were* Lowland, 5253*05 14*90 cal/gm;

Ordinary Upland, 5420*14 14*90 cal/gm; Limestone Breaks,

5283*89 + 14*90 cal/gm; Clay Upland, 5175*52 + 14*90 cal/gm.

Each mean was the result of 20 determinations; four determina-

tions having been observed for the sample collected at each of

five different collecting areas for each site. A pooled mean

of 5285*15 l 7*42 cal/gm was obtained for the total 80 deter-

minations. Coefficients of variation ranged from 0*53 percent

to 2*20 percent* The analysis of variance revealed no sig-

nificant differences (r> 0.05) of mean energy values of

ambrosia trifida seeds between range growth sites* However,

differences of energy values between areas within sites were

found to be highly significant (P< 0.05) (Appendix, Table 7).

Mean energy values of Setaria lutescens seeds for the four

growth sites were, Lowland, 4344.35 11.29 cal/gm; Ordinary

Upland, 4345*72 11.29 cal/gm; Limestone Breaks, 4447.61

11.29 cal/gm; Clay Upland, 4472.93 + 11.29 cal/gm. isach mean

was the result of 20 determinations; four determinations having

been observed for the sample collected at each of five differ-

ent collecting areas for each site. A pooled mean of 4402.65 +

5*67 cal/gm was obtained for the total 80 determinations.
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Variation coefficients ranged from a low of 0.4-3 percent to

1.92 percent. The analysis of variance revealed no significant

differences (P> 0.05) of mean energy values of oetaria

lutescens seeds between range growth sites. However , differ-

ent energy values between areas within sites were found to be

highly significant (P< 0.05) (Appendix, Table 8).

Mean energy values of Bromus .laponicus seeds for the four

range growth sites were: Lowland, 4371.87 + 15*58 cal/gm;

Ordinary Upland, 4313.02 + 15.58 cal/gm; Limestone Breaks,

4331.91 X IM* cal/ga; Clay Upland, 4396.17 £ 15.58 cal/gm.

Means for the range growth sites were the result of 20 deter-

minations; four determinations having been observed for the

sample collected at each of five different collecting areas

for each site. A pooled mean of 4353.24 ±7*79 cal/gm was

obtained for the total 80 determinations. Variation coeffi-

cients ranged from a low of 0*35 percent to 3*63 percent. The

analysis of variance revealed no significant differences

(?> 0.05) of mean energy values of Bromus .laponicus seeds

between range growth sites. However, different energy values

between areas within sites were found to be significant

(P<0.05) (Appendix, Table 9).

Mean energy values of Helianthus annuus seeds for the four

growth sites were* Lowland, 5619.43 +13.26 cal/gm; Ordinary

Upland, 5575.04 +13.26 cal/gm; Limestone Breaks, 5589.60 +

13.26 cal/gm; Clay Upland, 5589.55 + 13.26 cal/gm. Each was

the result of 20 determinations; four determinations having
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been observed for the sample collected at each of five

different collecting areas for each site. A pooled mean of

5573.^1 i 6.64 cal/gm was obtained for the total 80 determina-

tions. Variation coefficients ranged from 0.14 percent to

3*46 percent. The analysis of variance revealed no significant

differences (P> 0.05) of mean energy values of Heliaathus

annuus seeds between range growth sites. However, different

energy values between areas within sites were found to be

significant (i < 0.05) (Appendix, Table 10).

Mean energy values of Rhus aromatlca seeds for the four

range growtb sites werex Lowland, 5447*63 12.64 cal/gm;

Ordinary Upland, 5256.07 12.64 cal/gm; Limestone Breaks,

5242.10 + 12.64 cal/gm; Clay Upland, 5269.73 +12.64 cal/gm.

Means for the range growth sites were the result of 20 deter-

minations; four determinations having been observed for the

sample collected at each of five different collection areas

for each site. A pooled mean of 5303.66 + 6.31 cal/gm was

obtained for the total 80 determinations. Variation coeffi-

cients ranged from 0.09 percent to 1.78 percent. The analysis

of variance revealed significant differences (F<0.05) of mean

energy values of Rhus aromatlca seeds between range growth

sites, aimilarly, different energy values between areas within

sites were found to be significant (PC 0.05) (Appendix,

Table 11).

Mean energy values of Cornus drummondi seeds for the four

range growth sites were. Lowland, 4994.55 ± 12.82 cal/gm;
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Ordinary Upland, 4939*25 12.82 cal/gm; Limestone Breaks,

4772.41 + 12.82 cal/gm; Clay Upland, 4985.85
<fc

12.82 cal/gm.

Means for the range growth sites were the result of 20 deter-

minations; four determinations having been observed for the

sample collected at each of five different collecting areas

for each site. A pooled mean of 4923.02 £ 6.41 cal/gm was

obtained for the total 80 determinations. Variation coeffi-

cients ranged from 0.23 percent to 2.43 percent. The analysis

of variance revealed no significant differences (P> 0.05) of

mean energy values of Cornus drummondi seeds between range

growth sites. However, different energy values between areas

within sites were found to be highly significant (P< 0,05)

(Appendix, Table 12).

Mean energy values of Symphoricarpos orbiculatus seeds

for the four range growth sites were : Lowland, 4613*40 +

11.10 cal/gm ; Ordinary Upland, 4735.09 + 11.10 cal/gm

j

Limestone Breaks, 4629.09 11.10 cal/gm; Clay Upland, 4668.65

+ 11.10 cal/gm. Means for the range growth sites were the

result of 20 determinations; four determinations having been

observed for the sample collected at each of five different

collection areas for each site. A pooled mean of 4661.65 +

5*56 cal/gm was obtained for the total 80 determinations.

Variation coefficients ranged from 0.19 percent to 1.64 percent.

An analysis of variance revealed no significant differences

(P> 0.05) of mean energy values of Gymphorlcaroos orbiculatus

seeds between range growth sites. However, different energy
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values between areas within sites were found to be highly

significant (F< 0.05) (Appendix, Table 15).

Sable 14 (Appendix) presents F values, degrees of freedom,

regions of rejection and ultimate decisions regarding the

equality of means being tested by the analysis of variance.

Fisher Least Significant Difference multiple comparison

procedures were performed on significant means. No evidence

was found that suggested the same collection areas produced

similar increases or decreases in energy values of seeds from

different species of plants.

Mean titration values, calculated on a per gram basis,

were determined for all species. No observable correlation

was found between energy values and mean titration values

(Table 2).

An experiment to determine the atmospheric water uptake

by 6. 0J09 grams of exposed dry seed material, showed 0.4-559

and O.5054 gram weight increases (5*66 and 6.34 percent,

respectively) at 40 and 70 percent relative humidity, respec-

tively, during a 180-minute time period (Fig. 1).

Hesuits of an analysis of Rhus glabra seed material

stored at -22°C. for nine months revealed no significant

(P 0.05) loss in energy (t » 0.726$ d.f . • 7$ region of

rejection t* 2.57)*
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DISCUSSION

All seeds were collected between 26 August 1966 and 7 March

196? » with the majority collected during the 1 September 1966-

30 November 1966 period. It was assumed that no significant

loss of energy could have occurred in seeds collected during

this period of time. Robel and Harper (1965:405) found no

significant changes in energy content of Ambrosia trifida and

Helianthus annuus seeds during the 20 October 1964-4 February

1965 period under field conditions. Similarly, Derksen

(Personal communication) detected no significant energy loss

in seeds of several species under field and controlled condi-

tions for periods extending over seven months.

Since wild granivores consume primarily solid mature

seeds (Robel 1966: 137) » the energy dynamics of rotten or insect

damaged seeds is of little importance as a basis for studies

of granivore bioenergetics relationships. For this reason,

damaged or otherwise abnormal, including insect infested seeds

were discarded from samples. Some Helianthu3 annuus seeds

were observed to be hollowed and inhabited by small insect

larvae of the families Curculionidae and Incurvariidae

.

Ambrosia trifida seeds also were inhabited by Curculionidae

larvae and also similar larvae from the families Torticicidae

and Olethreutidae (D. V. Derksen, Personal communication).

The portions of seeds analyzed in this study were those

actually consumed by bobwhite quail in Kansas. Seeds of
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Hellanthus annuus , Ambrosia triflda , Rhus glabra and R»

aromatica and Setaria luteacens were observed to have the seed

coat intact about the seed when found in the crops of bobwhites

(R. J. Robel, Personal communication). Seeds of Bromus app. were

lacking glumes, lemmae and paleae in quail crops; and Cornus

drummondi fruits were seldom observed in crops with the pulpy

outer portion still adherent to the inner pit. Seeds of

Solanum rostratum were always lacking the bristly capsule from

which seeds are dispersed, when observed in crops of pheasant.

Gymphoricarpos orbiculatus plants produced a multitude of

fruits ranging in size from 0.5- to 7»0-millimeters. The

smaller fruits produced no viable seeds, therefore, all fruits

which passed through a Tyler 4.70-millimeter (opening) sieve

were discarded, and only those with normal appearing seeds

were retained for calorimetric analysis.

Some seeds, especially those of Bromus .japonicus * were

difficult to collect in sufficient quantities to produce

5-grams of oven dried material. When samples less than 5-grams

were collected, a larger second sample was collected and the

first sample discarded.

The Parr Manual (I960) stated that the American Society

for Testing Materials requires a 0.3 percent accuracy for

results of calorimetric tests of the same material made in

the same laboratory, and a 0.5 percent accuracy for tests made

in different laboratories. The author has not achieved this

degree of accuracy, and has accepted as satisfactory a variation



30

coefficient of not more than 2.5 percent for the results of

four caloric tests made on the same sample of seed material,

similarly, Golley (1961:581) recognised as satisfactory a

variation of not more than 3*0 percent for three tests of the

same material. Only one value was obtained during my study

that exceeded this 2.5 percent level* that being a value of

3*8 percent for a sample of Bromus japoaicus . Benzoic acid

tests revealed a variation of 0.5 percent for 12 determina-

tions, reflecting a high degree of precision for the equipment

and procedure, however, seed materials have certain properties

which do not allow this degree of precision. Killing proce-

dures did not produce homogeneously sized seed particles.

Heavier particles settle to the bottom of the petri dishes and

unless stirring the seed material precedes testing, it is

possible to introduce error into the subsampling procedure

which could account for a gain or loss of significant numbers

of calories*

hore oily seeds analyzed during this study were observed

to yield higher energy values. Korschgen (1964) reported low

fat values for oetarla spp. and Symphoricarpos orbiculatus .

and higher values for Helianthus annuus . thus glabra . .Jsbroaia

trifida and Cornus drummondi . Fat values compare favorably

to energy values of these species (Table 3).

Bromus .japonicus and Helianthus annuus seeds were two

species with which ignition problems were encountered. With

heterogeneous seed material such as Bromus .japonicus . it is
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Table 3. Comparisons of fat values reported by Korschgen
(1964:164) and energy values of seeds determined
in tbis study.

Species Fat Value
(percent of wt.)

Caloric Value
(Cal/gm)

>etaria bdo. 5.2 4402.65 + 5.67

Symphoricaroos
orbiculatus 5.8 4661.65 X 5.56

Cornus drummondi 30.0 4923.02 6.41

tibus glabra 16.3 5205.39 X 5*26

iMbroaia trifida 23.6 5283.15 t 7.42

Heliantbus annuus 26.1 5573.41 + 6.64

believed tbat tbe finer particles ignited rapidly causing

turbulence which resulted in tbe larger particles being blown

from tbe confining capsule into tbe bottom of tbe bomb. A

significant amount of energy is lost as a result of tbese

"blow-outs'*. Tbis problem was reduced by regrinding tbe seed

material successively tbrougb smaller screens in tbe milling

process, and reducing tbe weigbt of tbe test sample. Blow-

outs of Heliantbus annuus seed materials were eliminated by

pulverising ground seed materials in a mortar witb pestle

before conducting tbe energy analyses.

Oily seeds, sucb as tbose of .ihus glabra . ^ aromatica .

oolanum rostratma . Cornus drummondi . /uabrosia trifida and

Heliantbus annuus were ground in the micromill at a slow rate

of speed (800 r.p.m.). A slow rotation of the blades in the

grinder reduced the formation of an oily paste caused by



32

friction-induced heat in the Bill. No doubt some volatile

oils are lost during the grinding process of all seeds,

possibly, however, this loss was minimised by milling seeds

at slow speeds. Kendeigb and West (1965:553) stat;ed that

crushed seeds, as opposed to unorushed seeds, yielded lower

caloric values by a mean of 129 cal/gm. The reason for this

decrease in caloric value might have been due to loss of oils

during the crushing process.

It was observed that oily seed material pelleted under

pressure (greater than 500 kg/cm ) resulted in a loss of oils*

For tbis reason, only slight pressure, sufficient to produce

a firm pellet, was applied to the seed material. The appro-

priate pressure for seed pelleting was determined by trial and

error, as was also the case for determinations of the appro-

priate pellet size to produce optimum combustion in the bomb.

Seed material left uncovered in a room during the testing

process absorbed enough water to increase the initial sample

weight by 6*30 percent. This increase in sample weight could

theoretically have resulted in a decrease of 260 oal/gm if a

1-gram sample had been taken from this seed material (Fig. 1).

To minimise the uptake of atmospheric water, all ground seed

materials were stored at 60°C. prior to and during all analysis

procedures.

Corrections were not made for ash remaining in the con-

fining capsule after combustion. Bell (1955) stated that ash

corrections were not critical in oxygen bomb calorimetry
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procedures. The energy value per gram ash free dry weight

(net energy) might more accurately reflect the true energy

value for the purposes of some bioenergetics studies. Since

ash production was low, only gross energy values were deter-

mined for all seed samples in this study. Non-oily seeds such

as Bromus Ja^onicus . oetaria lutescens and Jymphoricarpos

orbiculatus produced a slight charr (exclusive of silica) in

the confining capsule after combustion. Oily seeds such as

^hus Glabra and tu aromatlca and jolanum rostratum yielded more

silica ash after combustion. All seeds were relatively clean;

decreasing ash production due to contamination.

tfean titration values for the nitric acid corrections did

not reflect energy content of seeds* Nevertheless, a trend in

titration values following mean energy values was evident

(Table 2). Titration values indicate relative amounts of

nitrogen present in the seed material and in the air of the

bomb during combustion. Assuming a constant amount of nitrogen

in the atmosphere of the bomb, a greater number of peptide and

polypeptide bonds broken during combustion plus the quantity

of nucleic acids present in the seeds would probably result in

higher titration values. In the future, titration values may

have some use in determining protein content of seeds.

The mean energy value of >283.15 7.42 cal/gm for

Aabrosia trifida seeds obtained from this study is slightly

lower than the value of 5^60.3 cal/gm reported by iiobel and

Harper (1965i402) for seeds collected in the same region of
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Kansas. Robel and Harper observed Hellanthus annuus seeds to

yield 5944-. 3 cal/gm, whereas results from this study show only

5573.^1 + 6.64 cal/gm. Kobel and Harper collected seeds after

the 1964 growing season, a relatively wet year with 23.86

inches of precipitation being recorded for the Manhattan,

Kansas area during the April-September period (U. 3. Dept.

Comm., Weather Bureau, 1964). Seeds for my study were col-

lected after the 1966 growing season in which only 12.23 inches

of precipitation were recorded for the Manhattan area for the

same April-September period (U. S. Dept. Comm., Weather Bureau,

1966). The amount of soil moisture present during the growing

season may have influenced the quality of fruits. Even more

in contrast to energy values obtained for Helianthus annuus

seeds in Kansas is the value of 6759.2 cal/gm recorded for

Hj_ annuus in California by Long (1934:328). The high caloric

value reported by Long might well be attributed to geo-

graphically associated environmental factors. My study has

shown that significant differences in energy content of seeds

are present between counties in Kansas. Differences of energy

values of seeds collected at distant points on a continent may

be even greater.

Derksen (Personal communication) reported a caloric value

of 5862 + 119 cal/gm for iL annuus seeds collected in the

Manhattan, Kansas area in 1966, which is higher than 5573.41

+ 6.64 cal/gm obtained in my study. During 1965, however,

Derksen found Hj_ annuus seeds to yield 5550 39 cal/gm.
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Derksen reported a value of 5577 + cal/gm for Ambrosia

trifida seeds collected in 1966, which is also higher than

5283.15 + 7.42 cal/gm obtained for my study. Kendeigh and

West (1965:555) reported a value of 5802 cal/gm for A^ trifida

seeds collected in Illinois. Seeds for the study described

herein were collected in 21 different areas in three counties.

It is reasonable to assume that seeds collected over a large

area are more representative of the true mean energy value of

the species than those collected in one geographic area.

An energy value of 5282 + 35 cal/gm for Rhus glabra and

4387 + 96 cal/gm for 3etaria lutescens was reported by Derksen

(Personal communication), both of which compare favorably with

5205.37 + 5.26 cal/gm and 4402.65 + 5.67 cal/gm, respectively,

obtained in my study for the same species. Schmid (1965)

reported an energy value of 4550 cal/gm for Setaria spp . seeds

collected in North Dakota.

Energy values for Bromus .japonicus . Rhus aromatica,

Cornus drummondi and S.vmphorlcarpos orbiculatus have not been

reported in the literature.

It has been observed from compilations of energy data

(Cummins 1966; Kendeigh and West 1965; Golley 1959; Golley

1961) and from this study that in many instances plants genet-

ically related are similar in energy content. The family

gramineae in general produces seeds which yield approximately

4500 cal/gm. Polygonaceae seeds yield approximately 4600 cal/

gm. Ellison (1966) reported that caloric values of needles
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of black spruce (Picea marlana ) and white spruce ( llcea glauca )

were not significantly different (5089 and 4948 cal/gmt P>0.01).

In ay study, Rhus glabra and &± aromatica seeds yielded similar

energy values of 5205.39 + 5.26 and 5503.88 6. 31 cal/gm,

respectively. McNair (1945) stated that oils of most of the

smaller families of plants are very similar in chemical compo-

sition. Since oils and fats are primarily responsible for

energy yields in seeds, this intrafamilial relationship in

energy value would agree with McNair*s findings. Kcilair

(1945) found oils of larger families of plants to be quite

dissimilar, tribal groups quite similar, and species within

the same genus very similar. McNair also showed that the

effects of soil types on oil formation varied with seasonal

conditions.

Mean energy values of all species of plant seeds analysed

in this study, with the exception of jthua aromatica were not

significantly different (P> 0.05) between range growth sites.

Range growth sites are based on degree of slope, amount and

degree of erosion and soil conditions such as depth, texture,

water content and water holding capacity, and general super-

ficial soil characteristics. These factors alone might not

influence the quality of seeds produced. An analysis of vari-

ance did reveal significant differences between collection

areas within sites (P< 0.05). These results strengthen the

hypothesis that geographically associated environmental factors

do effect the quality of seeds. Plant-soil water relations
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may be the critical factors limiting quality and quantity of

seeds produced by plants. Factors such as macro- and micro-

nutrient supplies in the soil and soil pH may also be limiting

when one is concerned with the energy content of seeds pro-

duced at different geographic locations* The amount of organic

matter present in different soils at different geographic

locations may influence energy content of plant seeds. The

amount of soil moisture plays a major role in making macro-

ana micronutrientB and organic matter available to plants,

especially during the period when seeds are being produced,

rainfall in the Flint iiilla region of northeastern Kansas

fluctuates greatly between years and varies greatly within

small areas, making the quantity of water available to plants

for seed production highly variable between years and within

a geographic area during the same year. Since fat and carbo-

hydrate production in plants is dependent upon water and carbon

dioxide, variations in precipitation between geographic areas

during the time of seed production may have marked effects upon

the percent of carbohydrates, fats, fatty acids and protein

present within seeds.

In this study all seeds collected from plants were

assumed to be mature. Maturity was based primarily upon seed

dispersal and secondarily upon utilization of seeds as foods

by animals. The stage of maturity is a critical factor with

respect to energy values. McNair (19^5) stated that during

ripening there is an increase in the amount of unsaturated
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&cid3 of drying oils. During the later stages or seed ripening

there is a marked decrease in the oil content and seed size,

however, in the final stage of maturity there is an abrupt

Increase in oils. All maturing seeds show an increase in the

percentage of oil accompanied by a decrease in carbohydrate

percentage. Seeds collected before maturity, therefore, could

yield lower energy values, decreasing the experimentally deter-

mined energy value for the species and possibly indicating

false differences in energy content of seeds collected in

different areas.

Ideally in a study such as this, seeds of all nine species

of plants studied should be collected from the same growth

site in each of five different collection areas. However, in

this study plants were not found to be random in their dis-

tribution and were collected where present. liuch work is

still needed to determine what factor or group of factors is

responsible for the differences in energy values of plant

seeds produced in different geographic locations* Higher

energy values of seeds might reflect optimal environmental

conditions for the plant. Controlled studies are needed in

which different species of plants could be cultivated at differ-

ent locations, and their seeds harvested and oompared with the

same and different species grown at other locations. Studies

where accurate measurements could be obtained of environmental

factors, both edaphic and climatic, are needed. Genetic vari-

ation should not be overlooked as a possible cause of energy
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content variation of aeeds. Clonal relations have been observed

in plants since Bonnier reported bis finding concerning tbis

subject in 1920. Heslop-Harrison (1964) snowed tbat small

amounts of gene-exchange may be possible between neighboring

panmiotio populations, but between the extremes, the actual

rate of gene exchange achieved may be so slight as to be

negligible even though no actual breaks in distribution occur.

Therefore, genetic divergence within a population continuum

may be possible and expressed in biochemical and energetic

relationships. 5uoh genetic variants to which Heslop-Harrison

is referring are more extreme than those occurring in this

study, however, such genetio factors should not be overlooked

as possible sources of intraspeciflc energy variations.

SUMMART

Basic to comprehensive studies of the energy dynamics of

organisms, it is necessary to be aware of variations in energy

content of foods available to and consumed by that organism.

In the fall of 1966, a study was initiated to determine

the effects of growth site location upon the energy content

of seeds consumed by unoonfined granivores in the Flint Hills

region of northeastern Kansas, seeds were collected from the

Lowland, Ordinary Upland, Limestone Breaks, and/or Clay Upland

range sites described by Anderson and Fly (1955) in 21 differ-

ent locations throughout three counties. Mature seeds of

jolaaum rostraturn , ^hus glabra . Ambrosia trlfida . Setaria
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lutescena . Bromus .laponicus . Hellanthus annuus . ithua aromatica .

Oornus drummondi and Symphorlcarpos orbiculatus were collected

between 26 August and 7 March 1967 » with the majority of

samples collected between 1 September and 30 November. Samples

of the same species were collected from each of the four range

growth sites in five different areas, resulting in 20 seed

samples collected for each species. Seeds were sorted, dried,

milled, pelleted and weighed prior to caloric determinations.

Energy values for seed materials were determined with a Parr

series 1200 adiabatic calorimeter using a Parr 1101 oxygen bomb

under 30 atmospheres of oxygen.

Four caloriaetric determinations were made for each

sample collected, resulting in 80 determinations per species

with a total of 720 determinations for the entire study.

Caloric data were transferred to IBM computer cards and analysis

of variance techniques were conducted to test for differences

in mean energy values between and within range growth sites.

Punched cards were analysed by an IBM 1410-1401 combination

computer system.

Seeds of solanum rostratua . hellanthus annuus . ahus glabra .

ambrosia trifida and Rhus aromatioa had high mean energy values;

6020.32 x 7*16» 5573.41 6.64, 5202.39 5.26, 5283.15 7.42,

and 5303.88 6.31 cal/gm, respectively, while seeds of Gorans

drummondi and Symphoricarpoa orbiculatus had lower energy

values of 4923.02 + 6.41 and 4661.65 5.56 cal/gm respectively.

Lowest energy values were exhibited by grass seeds, with
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4402.65 £ 5»67 and 4353.24 + 7.79 cal/gm being the mean value

of ^tar^a l^escens and Broaua Japonicus seeds, respectively.

Mean energy values were calculated for seeds collected

at each of the four range sites for each species, and also for

the different areas within range growth sites. An analysis

of variance revealed no significant differences (P> 0.05) of

mean energy values between range growth sites, except for

ahus aromatica seeds. Keen energy values of all seeds were

significantly different (P< 0.05) for areas within sites.



42

ACKNOWLEDGEMENTS

I wish to express my sincere gratitude to Dr. R. J. Robel

for his guidance and assistance throughout the study and the

preparation of this thesis. I also wish to express my grati-

tude to Dr. A. D. Dayton, Department of Statistics, Kansas

State University, for assistance in the computer analysis of

these data, and for his guidance. I wish to thank Dr. K. L.

Anderson, Department of Agronomy, Kansas state University, for

his help in planning this project. 1 also wish to thank my

wife, Marie, for editing the manuscript and for her patience

throughout this study.

Financial assistance and equipment were provided by the

Kansas Forestry, Fish and Game Commission; Kansas Agricultural

Experiment Station; and the Wildlife Management Institute.



*3

LITERATURE CIT£D

Albrecht, W. a. 1941. Soil organic matter and ion avail-
ability for plants, Soil 3ci. 51(6): 487-494.

Anderson, J. A., and A. W. Alcoek. 1954. dtorage of cereal
grains and their products. American Association of
Cereal Chemists. St. Faul. 515pp.

Anderson, K. L. 1961. Common names of a selected list of
plants. Kansas Ag. ixpt. 3ta. Tech. Bull. 117* 59pp.

and C. L. Fly. 1955* Vegetation-soil relationships
in Flint Hills bluestem pastures. J. of Range Mgmt.
8(4)* 163-169.

App, F. , and B. Wolf. 1945* Influence of soil pH and organic
matter upon the yields of some vegetable crops. Am. Joe.
Hort. 3ci. Froc. 46:309-513.

Armsby, H. P., and J. A. Fries. 1916. Net energy values for
ruminants. Pa. Ag. £xpt. 3ta. Bull. 142:1-20.

* and 1917. Energy values of hominy feed and
maise meal for cattle. J. Ag. Research 10(2): 599-613.

Auchter, a* 0* 1939* Interrelation of soils and plant, animal
and human nutrition, science 69(2315): 421-427*

Auten, J. T. 1945* Some soil factors associated with site
qualities for planted black locust and black walnut. J.
Forestry 43(8): 592-598.

Bailey, C. H. , and A. ft. Qur^ar. 1918. respiration of stored
wheat. J. Ag. Research 12(2): 685-713.

Beeaon, K. C. 1955* Nutrient element content of native
forages in relation to location and land forms in the
South Carolina Coastal Plains. Soil sci. 80(3):211-230.

Bell, J. ft. 1955* Comparison of peroxide and oxygen-bomb
calorimetry of feedstuffs. Can. J. Ag. Sci. 53(4): 366-370.

Bennett, 0. L. , B. D. Doss, D. A. Ashley, V. J. Kilmer, and
St C. Richardson. 1964. affects of soil moisture regine
on yield, nutrient content, and evapo-transpiration for
three annual forage species. Agron. J. 56(2): 195-198.

Bidwell, 0. W. I960. Soil survey of Geary county, Kansas.
U. s. Dept. Ag. and Kansas Ag. Sxpt. Sta. , Manhattan,
Kansas. Series 1955 • No. 6. 35pp.



44

Bliss, L. C. 1962. Caloric and lipid content in alpine
tundra plants, ecology 43(4): 753-754.

Cook, C. W., and L. S. Harris. 1950. The nutritive value of
range forage as affeoted by vegetation type, site and
stage of maturity. Utah Agr. Expt. 3ta. Tech. Bull. 344.
45pp.

Cornelius, D. R. 1950. oeed production of native grasses
under cultivation in eastern Kansas. Jcol. fionogr. 20(1)

i

1-29.

Crist, J. Il*| and J. S« Weaver* 1924. Absorption of nutrients
from subsoil in relation to crop yield. Bot. Gas. 77(2)

i

121-148.

Crockett, J. J. 1964. Influence of soils and parent materials
on grasslands of Wichita Mountains wildlife refuge,
Oklahoma, oology 45(2): 326-335-

Cummins, E. w. 1966. Calorie values of organism, iymatuning
Laboratory of ideology. Univ. of Pittsburg. Pittsburg.
24pp. Mimeo.

Davis, G. E. 1951* Relation of soil nutrients to the health
of domestic and wild animals. Chemurgic Digest 10(1): 12.

Dunn, J., and *i. il. Lyford. 1946. Influence of soil texture
upon growth of plants. New Hamp. Ag. Expt. 3ta. Tech.
Bull. 90:1-27.

Edwards, D. W., and H. A. Goff. 1935. Factors affecting the
chemical composition of pasture grasses. Hawaii Agr.
Expt. Sta. Bull. 76. 31pp.

Ellison, L. 1966. Seasonal foods and chemical analysis of
winter diet of Alaskan spruce grouse. J. wildl. Ngmt.
30(4): 729-735.

Fernald, M. L. 1950. Gray's manual of botany. Eighth Ed.
American Book Co., New York. 1632pp.

Praps, G. 3. 1944. Maintenance requirements of chickens and
productive energy of feeds as related to age. Texas Ag.
ixpt. ota. Bull. 665. 34pp.

Pryer, H. C. 1966. Concepts and methods of experimental
statistics. Allyn and Bacon, Inc. Boston. 602pp.

Pudge, J, P., and G. 3. Praps. 1944. The chemical composition
of forage grasses from the Gulf Coast Prairie as related to
soils and to requirements for range cattle. Texas Ag.
Expt. 3ta. rech. Bull. 644. 39pp.



45

Gates, D. H. , L. A. Jtoddart, and C. W. Cook. 1956. Soil as
a factor influencing plant distribution on salt-deserts
of Utah, iicol. Konogr. 26(2): 155-175.

Golley, F« 3. 1959* Table of caloric equivalents. Dept. of
Zoology, Univ. of Georgia. Athens, Georgia. 7pp» Kimeo.

. I960, energy dynamics of a food chain of the old
field community. Kool. Konogr. 30(2): 187-206.

1961* mergy values of ecological materials*
Ecology 42(3): 581-584.

Gray, L. F. , M. opeirs, and G. Matrone. 1957* Nutritive value
of several foods grown at different locations. J.
Nutrition 63(3): 345-359.

Herbal, 0. V. , and i£. L. Anderson. 1959* Response of true
prairie vegetation on major flint hills range sites to
grazing treatment. i;ool. Monogr. 29(2): 171-181.

Heslop-Harrison, J. 1964. New concepts in flowering-plant
taxonomy. Harvard Univ. Press. Cambridge. 134pp.

Juday, C. 1940. The annual energy budget of an inland lake.
Lcology 21(3): 438-450.

Kendelgh, 3. C, and G. C. West. 1965. Caloric values of
plant seeds eaten by birds. Ecology 46(3): 553-555.

Aik, ft. C. 1943. Nutritive studies of forage plants. Ark.
Ag. Expt. 3ta. Bull. 434. 21pp.

Korschgen, L. J. 1964. Foods and nutrition of Missouri and
Midwestern pheasants. Proc. W. Am. Wildl. and Nat. Res.
Conf. 29:159-181.

Kraus, I. J. 1925. 3oil nutrients in relation to vegetation
and reproduction. Am. J. Bot. 12(8) : 510-518.

Lindeman, R« L« 1942. The trophic-dynamic aspect of ecology,
ecology 23(4): 399-418.

Long, Frances 1. 1934. Application of calorimetric methods
to ecological research. Plant Physiol. 9(2)»325-337.

McNair, J. B. 1945. Plant fats in relation to environment
and evolution. Botan. Rev. ll(l):l-59.

KcVickar, J. 3. 1949. Composition of white oak leaves in
Illinois as influenced by soil type and soil composition,
^oil 3ci. 68(4): 317-328.



46

Morrison, F. 3. 1949* Feeds and Feeding. Morrison Publ. Co.
Ithaca. 1207pp.

Houlton, £• H. 1918. Availability of the energy of food for
growth. Int. B. 3ci. and Prac. Ag. 9(4):472-474,

Odell, a. T. 1950. Measurements of the productivity of soils
under various environmental conditions. Agron. J. 42(6):
282-292.

Odum, l« P., and H. T. Odum. 1955* Trophic structure and
productivity of a windward coral reef community on 2niwetok
Atoll. £col. Monogr. 25(3)* 291-320.

Odum, U. T. 1957* Trophic structure and productivity of
silver Springs, Florida, Kcol. Monogr. 27(1)»55-112.

Parr Instrument Company. I960. Oxygen bomb calorimetry and
combustion methods. Tech. Man. Ho* 130* Moline. 56pp.

Fhillipson, J. 1966. ecological energetics. St. Martin's
Press. New York. 57pp.

Robel, &. J. 1966. Weight dynamics of unconfined bobwbite
quail in Kansas. Trans. Kans. Aoad. bci. 69(2): 132-138.

. and w. ii. Harper. 1965* Energy content and retention
by ragweed and sunflower seeds during fall and winter.
Trans. Kansas Acad. Sci. 68(3) t401-405.

Sohmid, W. C. 1965* Knergy intake of the mourning dove
( Zenaidura macroura marginella ). icienoe. 150(3700):
1171-1172.

Schoewe, it d. 1949. The geography of Kansas, Fart II,
Physical Geography. Trans. Kans. Acad. Sci. 52(3) : 261-333.

vlohodkin, i. 3. 1962. Energy in animal ecology. Pp. 69-101.
jg, J. 3. (ed.)« Advances in ecol<
Academic i'ress. New fork. 203pp.

In: Cragg, J. 3. (ed.)« Advances in ecological research.
Vol. 1.

Stephenson, a. *>., and C. £« Schuster. 1937. Physical proper-
ties of soils that affect plant nutrition. Soil sci.
44(1): 23-36.

otitt, ... |« 1958. Factors affecting yield and quality of
dryland grasses. Agron. J. 50(3) s 135-138.

Stoddart, 1. A. 1941. Chemical composition of Symphoricarpos
rotundlfolius as influenced by soil, site and date of
collection. J. Ag. Research 63(12): 727-739.



47

Teal, J. M. 1967* Community metabolism In a temperate cold
spring. Ecol. Monogr. 27(3):283-302.

U. 3. Dept. of Commerce, Weather Bureau. 1964* 1966. Kansas
climatological data. 78, 80(4-9).

Van der Paauw, F. 1962. Periodic fluctuations of soil fer-
tility, crop yields and of responses to fertilization
affected by alternating periods of low or high rainfall.
Plants and Soils 17(2): 155-182.

Van Eck, W. A., and E. P. Whiteside. 1963. Site evaluation
studies in red pine plantations in Michigan. Soil Sci.
Soc. Am. Proc. 27(6): 709-714.

Ward, G. M. 1959. Effects of soil fertility upon the yield
and nutritive value of forages. J. Dairy Sci. 4-2(2)

i

277-297.

Weaver, J. E., and T. J. Fitzpatrick. 1934. The prairie.
Ecol. Monogr. 4(2):109-294.

West, G. C. 1967. Nutrition of tree sparrows during winter
in central Illinois. Ecology 48(l):58-67.

, and Martha 3. Meng. 1966. Nutrition of willow
ptarmigan in northern Alaska. Auk 83(1): 603-615.

Woodman, H. E., D. L. Blunt, and J. Stewart. 1926. Nutri-
tional value of pasture. I. Seasonal variations in the
productivity, botanical and chemical composition, and
nutritive value of medium pasturage on light sandy soil.
J. Ag. Sci. 16(2): 205-274.

» * and . 1927. Nutritive value of
pasture. II. Seasonal variations in productivity,
botanical composition and chemical composition and nutri-
tive value of medium pasturage on a heavy clay soil. J.
Ag. Sci. 17(2): 209-263.

» D. B. Norman, and J. W. Bee. 1929. Nutritive value
of pasture. IV. The influence of the intensity of graz-
ing on the yield, composition and nutritive value of
pasture herbage. J. Ag. Sci. 19(2) : 236-265.

Wright, N. 1962. Effects of management practices on forage
yield and protein in blue panicgrass, Panicum antidotale.
Agron. J. 54(5): 413-416.



46

Wynd, *• k»» a*^ 0» F. oteinbauer. 1948. Correlations between
soil properties and pasture productivity. Lloydia 11(3)

t

171-180.

Zimmerman, J. L. 1965. Bioenergetica of the dickcissel
( Jplga amerlcana ). ihys. Sool. 38(4): 370-389.





50

i
ooo

& M •
08 H Hi & 0) •H tH •H } 5? •H

4)

H cd &

o
5 5 id * g -I •H * c? 5 H

1
•H

5 1
•H
w
8 l

hh
•

M j
«

•H IN fNw IN
•

IN
•

4* m • • 04
H csj

«H » • • • • •
H • ••

1 5 * it i • • • •

N • • t • • 1 •

i3 n 14 fN CN H IN CN j

H<\J fN
CM IN CO CN

X) 00 • • fN CT> • • H IN
4* H « H at • • •

• t • • • • cej 1 i •

g at fH . as •> • BJ R » •> 4 --.

•H fH • • • • •> » «
* » *» • 1 •» * m • • • *»

• oo «• • &* • UN 4 • '0 •

1 ffl » H O CO H> eg <m (M |

i
in H HJ fH rH O o iH

Hi O CT> 0> a a iH fH rH CM
r-» •H O • • • O • • o H

i 4>H • M »H n • •H fH fH •H • • •

a • o+» !H fr* 4» 4» fH C-i K-i •
o o fH

a « •«

CO IN

• • » O - » o fH
«H «H •

n
H * « CM rf\ • * •

4» 4> •> KN. K\ CO <M CM rH CM 4 •>

I
O, (M 1 CM K\ KN K\ «\ CM
•H K\ 1 O a a 1 fl 1

rH U * -. fl Hi o o a O O a a aH i d \4 o •H «H o 4 H -H 4 o o o o
O a o • 4» 4» <H X 4> 4> > H •H •H •H
O I H Hi 4* ih O O 4» fH O O 4> 4> +» 4>a 4» aj o * • o

r^ *
O O o o

1 |
O

co 4
•>

in
-

1 I I ? I
•

i
co i 1 1 1 1

K i i a 1 1 1 1 1 i t

«1 4 4 . o 4 4 4 4
%4 S S** 4- •H s N. 4 4 S v, 4 4 4 4 4

ijo a

H) H H
4-»

O
rH H \

Hi ^ •H HJ s
fH f-4 > 5 5

S3 g
S3 3

CI 1 8
3 s ^ S

g § ^5
•H 3 I 1 1 1 1 1 I
4>a4 1 1 1 1 1 1 1 • i

§•- ^t 4 4 4 4 4 4h a N \4 4 s s
:> < 4 S \ 4 4 CM 4 4

(4 u h HJ\ N. H H X rH rH s s s s sO 4>
d*"

4 M H H H H H iH
0) 4>
• M H 3g B

« 3
^

"5 CO 1 H
1

i i I i 1 1 I lHj i i 1 1 I I | 1

st: .4 g 4 4 4 4 4 4\ >sc\j cm \ N <M > 5 CVJ <M s CM CM

33 Hi *S > H tH ^ sH s H N. s
3 coas 3

J
5 1 M

CO CO S5 A % 3 CO <7J

4
b • • •

• at v 01 JO o
r4 « JO Hi CM *\ 4 lf\ v0 IN co cr» on ON o fH CM H\
•3 Sj 3

iH fH fH r4

*h



51

•H
O

•

8
O

fc P P
n at at

9
o & <u • « 1 4) P

»
4
P & t &o ctf H r-l r4 r-l r-4 P P 3

8 3
•rl -H -H
fU « «

it

*
•

»

•rl O
-

O 5

•
•

to

•

•
c5

•

•

s

•

s
a
d
1
M

3M

• • • «| • » » J3 3
4 • • M oo •

a CO
E

cn V0 o 2 CO a V4

•
r-4 VO •

<
Cv co

•
o
•rl 21

•

04 n • • • • i P P(
E-« « • * « o * •> ff

•>

•
•
•

•
• • 03 ^ r • i

H • I
o> CO r-l • • • • V

r-l to 05 1 aO CM >
CM o a h CM »-l uH <-4

•rl •
cm
r-l

O r-l < d
o » %

*L • » 4* • S4 • • r-l •H H
§

t< H O Eh • €^ &4 P •

* • *>
f4 9l O p r-l

•H a •> » ••

^ <T» oP vO rH UN r-l r K\ CO rH
8a. K\ 1 K\ r-< K\ CM I

•H a a K\ i d
i d o 4 a o d 4 I •

o O •rl V. O t4 d o o \ 4 •H p
•rl •P r-l «rl *> o •H •H r4 \ 44 d

1
44 O P O H P -P r-l O M
•

1

2 O 9
S5 • CO

1 1

P

1

O

1
o
->

t3»

1

n 1
1

•

p
Pi

3
1 4 * ' * 1

1 1

4
i

if I
^ \ \ 4 \ 4 4 \ 4 s»s •H r-4 \ «-4 4 \ \ r-l \ rH ir4 r-l \ r-l r4 iH

a •3

1

w w 05

I i

1 |
1

1
1
I

p
p
i

1 4 * * i

1 1

4
1

if •04 N S % 4 4 \ it \\ i-4 r-l % r-4 CM
r^

\ rH \ rH P
r-4 r-l X r4 r-4

• 55
| tf » g

05

r?

8
^5

•
Si

I

^-\
1 1 1 1 } 1 go.

•

r-t
1

4 4 ' 4 1 i 1

4IN
1

<t P40
s

CM

s
r-l

f-4 5 5 5
r-l

CM

>
cm

r-4

CM

s r4 •

M
CM

> 5
do

4
&a I 3| 3»

05 05 03 w 3 :* £ CO
« 4)H

h • • • • • f 9
(0 V « ja o a) ,o E

•H ©.n 4 U\ lA U\ «0 r>- co CO ON
a

r-l •d

i S3 r-4 r-l i-4 r-l H r-l r-l r-l rH CM a)

Or&• 55 1



09

•P

X)
-P

O

a
2

«d
«
P
O
e
r-4

o
o
«
•d

I

o
u

1
r-4

I

o

9
«H
cfl

M
d8
«

x>

64

SI

K d

0)O

p<

d-H d

•Ps-*

IM

I
R

® d
d-H
4J3 O
a

3

3

«

A
p a
o 3
r-»

oa

a>
4*
«H
CO

J3
-P
*

C9

O

s
I

*
a

lA

• t • • •

lAOCUOvD
CP*00»"4c"4 vt>
• • • • •

CQQ\DK\tt
r-4 r-4 K\ iH r~»

+I+I+I+I+I +| +•! 4.| + | +|

o»-4Jta)4>
(T^fAOCO (A

LPS OAlyO

f-ioouSoo
\DuS<Aia

(MOOOH
HtHiAf-ltA
• • • • •

«>qocr>r-*fC\
CNOOHOJ
/\vO\X)vOvD

lACD\l>0OrA
r4 05^-lAr-«
• t • • •

tNOMNil-r-l

+I+I+I+I+I

OJN-T 00 lA
• • • • •

fA0j»ACgr-«

vO tAvD <£ VO

lA

8

lAiHvDCOCvi
»AC\JJ*3>-!t
• • • • •

(\i <\i <\i j* ia

+1 +1+1 +1+1

IAOOQ4-
00IN(\4a>iA
• • • • •

COQUWfltA
>Aij5cgO<\J
QQ<3«H.-4
Ko\D iAvD vO

1 • • •

»«I<T*QC\|iA OvOCOCVIiH CO r-» OMAC-. OOO^tC^CT*
<\l r<4 H <\l Hr4 iHH rlHrl

1

at

3

I



«P
i
«

P

i

vO

I

as

*Sft

Oho

C-H CO

53 jts o
«-*

r-4

ffluQ

> 10

s

J*
• CJrH

111Pw

I
3

(0

cfl

SI

Oo

p

p
»
o

KN
UN
•

O

+ 1

8
UN
u\

8

iAr-4«H J*^«•

• • • • •

oj kn*kn

tTN^rHUNO
r-»COa^\0tA
• • • • •

C^CQO**K\

UNUN^ UN^

OOOvX>ONU\
r*4

K\
UN
•
O

I
KN
ON
•

KNH
(M
UN

8

oviunc^o><£
OC^vOKNCO
» • • • •

OJCT^rMi-lUN
<\JKN<MKN

unujvDIno
• • • • •

Cv\DtSKNOJ

iT\4" UNUNtA

UN

S

I

8

• • • • •

«N<7nvO(Si-*

M+M+l

• • • • •

VOiHOVJCNO

•9r 4- iAuNuN

*£>»-» UNCO 3"
i

UNiHO>CVJO

I

i

0)

a
op
a

3

CV
•

UN

+ 1

KN
•
UN
O
<\J

UN

S

KN
UN

I
O
KN

KN
UN

8

C0C\JCTN(3>UN
• • • • •

4-KNUNOJUN
K><M MM

• » * * *

UNCNUN4- a)

N-N4 KV
UNUNt/Ni

Ooouncm^-

!

&



5*

m <M •

1 93
4
•

ts |

i
• «H^\ •Hm
•rt

C2S 1 •P

s
r^ 00

UN o«

A •

1
1

P oho KN
sO ®v^ GO

O ch a CM •P
s& UN •

a
is O

00 9 $
o O u
VI 3 V| •
& 0O R g ft »
o

b
• •

4" 4 2
•

4 g 1WR r-» r-» •H iH VI <M

vt M -x* +1 +1 + 1 1 T» T>
•

H xJ o
«

ft
I

UN 4O H s CM
UN

P ft

« •P 1-' • • • • r-4 HHH 3" UN ft

1
(5

9
O

9
OO

i 5 CM 4
ITS UN

H
UN

3O
ft 8 8 8 8 * O 1O

s •
0)

1 E9 • e

f
H £*{NO«NC0 vfitSCMvjQO

CNUNK\4C\» 00000400
• •*•« •••••

4COV0C\Jr-l iHvOUNCVIi-4
aed,o

• • • • .
CM«-»«-«KNtf>
• • • • • t !VI

HI
*t<MUN4o 440coco
DN^tUNCUOJ tf\r-4rf>C\J

UNUN4 r-tCTv fC\00CNO»-« a 3
U

(\J4<MCM UNr-» KNf-l iH

1
0
c

•P h \ +I+I+I+I+I +M+I+M +I+I+MH M +M + l P a (10iH O p p
id

1 XI o OKNC^4l>» 4 03 4 S CO
C"«-KNU\K\vO
st st 41 UN UN

cr>4;(M«-«4
UNUNr-l(T»4

« i
pw • •••• ••••• t • • • • • • • • . r-l xt ft

£
OtNCOtNr-l O4jc0«HsP
K\UNH tXXTs UWiJNNKNO 4UV>CN4 0.KNO44

fH4KNUN(\J
O
O 3 1

I cm^ocmcm cyKXMco*
U\UNU\UNl/\ UNUNUNUNUN

iHknokn4-
un un ununus

CMr-ICMQCM
UN UNUNUNUN V|

« •
«! O »•> M»

4 M iV|
o

ft^

(9

a
8 5

• at P «
9 O • • •

mo
• • • •

O
09

O
i

1§ S3 C\Jv0UN4O fM*DiAiT\U3 VO i-IUMACN 4"O>un<j0 <t O
5i-l r4 f-4Ht-i r-J rH r-» H .-« r-« r-« r-* -o

# >

© ft

i-l O
s
4*

sp
« •

oO M •
a

3 3

4
•
«-i

3 a

•P
"1

1 1
e 1

,0
4

1

a
I

I

9•

•
X>
P ft fc

•p
a

e

I

o

1
1 1 I |



55

c*. •

o v0 a
• 11 • a •

• lf\ •p ©iH/-x •H E
« "26 1 p

3
t> \ A a a1

M
9 r-t 3rt •

•H

g

IB

* oho CM
9

9i
1p
i

B
O

m
8

u

sM
9

o i
1

E

r-»

aJO CM cm 8? B H
s- © • • • •

1
o

%* P'-x r-» H r* iH I
tj MB fH rH M rH *4 M
• *^ + 1 + 1 +1 + 1 rt n
+» © OcH I «
I lis if\ CM

4" !N 3 p
i

p
at

|H Pv*> • • • • H iH
iH
O
o 1

* 4- r

CM
(N

5

3
O

9
9
1

9 9
•
•
«

to 9 o
CM CM i a •

u
o
i

9
2® « (4 1

3
3

CpCMTNOtf)
4-CMOCMtCN
• • • • •

vOC^CMiAiH
rH CM lT\rH (N
• • • • •

a>

E
•

i
0,0
> CB

1
t09 O-^

CMKNCMKNiH iH CM CM CM
CM CM i-t IT\Cn-
rHr-4i-4CMCM

HVD4" KNCM a 3
4» t»ft •^-CMrHCM^t I

•H
-P 3

•d

93 M \ 1+1*1+1+1 +I+I+I+I+I +I+I+I+I+I +I+I+I+I+I
r-l iqH o p -p

a-ri a
OOCMKNOlA •-» y!> INCTmH

K>r-t lf\Cv.CQ if\C0r<>KNjt 4) 01 a
0} \SA O CMiHOCMCT> rH
•H P>*> • •••• ••••• • • * • • • • 4 • • rH X) ^3M d«H 4-OiT\K\D>- v0vOCOvOO rr\KNr\|ff\<T» lAiHOOC^CM O o u

a} ~5 UMXMTvO<T» rHif $i-4it o 1 riP
• 4, 4"Q4fKN rT\CMCMCMir\

4•^'4: 3•4, ^^-fr**-*
4 CMv0K\<* ITN4- 4 lA4

Vi
9 9

r/> o M ••>

1 I
1

3
o

9o

13
(ft

2
4

a u p 9 9
o o •

M
• •

mm
• •

8
E t

8]
OOCMNOvO vOC0 4-Or-* fNU>iACMO (j\^t tr\K\o 9) (8> rH r-*H »H i~« r-i rH r-J rH iH r-» •d d

• © to 1 9
rH
r-l

O
«5P
9

4
P
01

IS 9
4> 9 94»

J:
1 3

1
o o

p
3

3
s 1

« J

1
•

+1

01

a
1

1
0)

s•

•

M
p
i 1 ?

a
om
a

rH •

o
t-4

1 "13 I

i

! 1



56

•
O

a
3 3

•

•

3
o

•

I • r-t^-x •H

^5 8)
1 P

s
s2^ 4 o»

XI r4 <00 •

18 O U O KN
si I ©^

S3

UN

i 9
•p

i
3

i
SB

8 § I
o © o uu a «H H

I oio & R R R II a
I

•

UN
• • •

UN z gN fe^a
iH N M •H M v?

•d * -^ 1 +1 4-1 +1 T> •da • a .-<
«> 9

4> d-H as ts
8

«-« cn 4> j|I ^ xi o 00 ON .-t
4»vw, • • • • r-i HH

St*
r-l

a * 3
o

d

S
•

5 J ? KN
4

5
i ft s 8 s a •

o
u
o

O

o
s •

a • g
81 H

rH i-4 ON 4" CO
• • • • •

HOHQ(M
• • • • •

<M<MK\C0KN (\J UN4 f* KN
^tSOf-4 4-
• • • • •

a3
1 > • • • • •

1
"2

«H ©^s i^Nf^CNO >T> »-lr-»r-«<TNnj IN ON UN.* O vpOD 0NC-.O
UN CMCVJMN

a oa
o 60-»{ & <\J4- UNr-4 CDHiHi-4KN 1

1
1p

of Or*
M+M-M-M «-i>i>l>l>l +M+W+I M+l+M *>

o 1
41

•1 fl-H
J3 O KMfNcKvO c0

4C\IC7Ni-4UN r~t ONKN0>>U>
ONQOiHUNO

r-lr^U3 4KN
COiH'vO JNK\Pw • • • • • • • • • • • • • • • • • • • • fi XI XI

i
fl-H
0:*

4/ tC\<T>ri\cX)
4-C0C\Jr-«C0

vi) Q UNO vO
c0JNtNvS4 O-qoon^vQ

o
o

o

2
K>K\C\JtOvUN C\lrrNK>fT\C\J k\.knc\jk\oj fosrcvrossN,^£ 4-^4- 4- •* 4-4 4-4 4- 4-4 4-4-4 4444^ u

OQ © •* M

1 H
a
a
o 6

I
at
O
•H.O
43 §

•

O
K\T\U\i-t<\| 4cocviK\«H r-»ff\4-(\|00

•

1 O
o 1O 3 H H r-l tJ M

b3
© 14

3
1

0+»

»-»

O
O

1
5
i

1O

4

r-4

4>

d
P

d
o

+1

9

1
I
+ 1

3S

•

•

n
"5

9 s

s
op
•

s

I
r-l

$

O

o
.3 !

I

3 |



57

o s
•

8

IS
•

4
d •

9 s
8 SI

8 iH<-x

*£g> 1
M 1 K^ iH d o>

1 H b$8 •
•H 8

8 8&
OhO
O ©V-*

MN

p* d ir\ P ©
£4 ITS 8 fl

1
* |o

8
s 3 8

O M
a 9 VI

8 88 I 1 8 1 a 8
v« > 8 • • • •

8 2P^ K\ tf\ a KN

« boco a H r4 H *4 M
p +1 I *i +1 •0 «d
i 8 dr-i 8 ©
I

M Jd o 4- s 3 un
UN

P P
8 8H P^ • • • • iH r4

O 83
8

ON UN as <?* =1 3
1

1 UN
UN 1 UN

O O

3 '.
«d o o
8
8

* 8 8 8 8 •
rror rror

I 8
8
8

g © © 8
2 r-» (\lCj\vOvO00 CM HNC^vO t\)

ff\UJ<T*CviH
• • • • •

OOtf>0«H
a

1

OtO
> 8 • • • • •

OM30vQi~ICN
• • • • •

C\Jt.DcOUNv0
• • • • • I I

©•-> CSOO^OOlA VD4-IAC0 ^t CQi-»K\r-tCQ
r-»(M r>IU3

C0v0<tr-»c0
Co r-t ih eg * d 3 5

d d
8 3p p

1
J 8 OH

o
P
CI

*» d-H 8 !T^ KNKNO
OvQON»i>CO

KNUN{Nr-HC\ CJNr-l\£><TNCO
OOCMCO^-UN

OCU4-UNCVI
UN<T»C\)tNK\

8 8 8
3

m xt o COC^ONvO r-1
p--* • • • • • • • • . • • • • • • • • • • r-t XI A

•rl 33 iHC-it 4" CO OJ^r-IKNO y& 30 K"\tAKN
vOO.rHrf-4-
\D\D V0-3" UN
UNUNUNUNUN

OXNCUCCXM o
I 8iH ^-PvCVKN!-* •-4 r-» (Tv VjO '7* mffscMUN^

UN UN UNUNUN

o

9 8
I

INtN^t V0U\
ununUNunun

tNv0C\|Uv2>
UNUNUNUNUN *-l

8 8

o Mk »•>

•a 8 U M
8
i<

8
d
o 5 a

© 8
S 8 .1 •rl

p 8 8
<H 4) O 8 • • • • • 8 •d *d

li
fit

oruco^D 4-
^Q 8
UNKN0NO4-

8
C0 4"UN4-<T> O 1 irH r-l iH HH MH r-l •d "6

&8
i

855
H
r-4 I J !©-p O Vt a 8

d 8 o
8
8

§2 1 3 8
iH

o o

=8*51 8 3 ! fl
+1 +1

m £k| CQ •d 15

£ i•
D

2 9 8o

8
Xt
p 1 |

d
op
8

8
8

8 8

i-4

1 |J 1
3

o



58

1

o
4»

!

o

>

•h bflog
o So
o ©>-'

3

> ©

.3

M

9
»-»

> od

fl-H «

4»w
3^

o ©
f4X>

IIill
N
o
o

4)
•p
•H
m
ap
>
o
uo

S
CM

+1

*CN

U)

I

UNO UN0>f-4
vX)CO0O\D4-
• • • • •

vT)CJC>-LfMf\
CM CMCM

M+l +M
«S4"tSvOC\J
r4C^.HCMC0
• • • • •

KNr-»U\KN^
UNKNvOKNuN
(Oyi1 ^ jfr UN
UMAuSUNiTN

eg

I

CM
UN

8

OCTNKNCOCM
«-IHC*»COKN
• • • • •

r-< H (\J O CN.

4-CMCMKNr*

+M+I+M
4CMOOr-»
3-oo>coo
• • • • •
KMACM4-0N

O cm rg cm 4;
tf\iAUNtf\U\

• • • •

&00CMO00 CT>KNcOU>«H
iHr-l HHHCM

3

3

1

&

S

1O

s

3

I

8

83832
• • • • •

^CMINOi-t
<tr-ICMKNK\

+I+M+M
Cv-4- coqo

• • • • •

CMtN4-4-Q
QiHUNKNO
# r-«r<NCMr-l
ununununun

KN
•

I
oo
oo

KN
QKN
UN

S

•
CMH
I
KN

•

IS
UN

I

K\a\\Qr4r4
CM CO UN CM 00
» • • • •

CMQCMJNCM

»-*CMa0*N

CMUNKNvOi-4
HCOUNrHCO
r-ICMCMKNKN
UN UN UN UN UN

8

• • •

© 43 at

r-« H»-l i-* iH r-l r-4 iH

3
«

9

3

«
I

CD

§
O

3

o*



59

-p

2

t

s°s

c
£ft

o U o
o *^>

3

4>>

• (3h

3t

3

~

> at

|
01 AH
fl-H
M -d o

9*

g

t
°l
SI
t> mH

5

•
4>
•H
CO

1
c3

CM
00

9

UN

8

CMHOOMTv
KNifrCxtCO
• • • • •

fCsr-tCMKN

3

CM

4-

a

CM 2) <? i/NvO
• • • • •

\0O4 <3>M>
CMK\r4CMiH

a
•

a
i

?

a

IN CO.* CO CM
iAC0O>c0O
• • • • •

ONO-CVJeOn-l
4-r-»K\C\lv0

+1

CMO
•

CM

4-

O
00

CM
00

a

UN
CO
•

lA
COO4

8

tCNCMOM^WO
O-^-vOCMOJ
• • • • •

4K\K\C0M3
r-lf-4rC\C\J

l*l*l +l+l +I+M+M + I +I+I+M +M+I+M

• • • • •

KNOMHVO t-4

r-»OCQC0O

C^KNMJCO
• • » • •

lACT»COKSCM
?0>iA»-»f-t

<t •sJ'lfMA

CMK^ct^S
< • • «

IA<

J}*
4"4;H
CUtf>0
4-4- UN

0-<HKN4-iH
vO<7MACMO>
• • • • •

iAvDK>OCM

?RR?S

OOr-HNCMO rC\O4-C0M3 HOIN4-C0 C04O«AKN
.HrH r4r4 r-i r-i r-i

I

3

!

a

o
o

I

|

« •

o •

« 3

§ 8
« 8
a a

s s

• •
4* 4»
«J

•H i-l

3 3
O O

OS

O
85

O

U U
• o o

s e z
£ • •
- t t
a of

r> -d
•h d fl
•p 3 «
1 4* 4»

J3 J3

• <9

O •» ••

i S I

3 t B

o

«
9 9

J3 O



o

93

I

©r-fx

o d v.
«*« Ihoho
8

O ©v^
P* a

V| 8
n
I M
*»

s
•
3

r-4 H OH aSO •H

3
5» O •

P/-> H

5 + 1

© RH
• CJ-H 00

sija o
+»<*-/ •

«

1

K\.

2
1

r-l

1m
p

AS 8P
i •
o 9

r-4

aw
Q0Q|PC0K\

o > a* • • • • •

1
1

8'""*

Ul OJKNOJCMr-l

M+l+M
•H © an
(4

o
a-H co

vOihvCTNINOA •P>~> • • • • «

Q 8r*
r4J\tCS*t r-»

CMO.r>tf\»-4& •

s ©
1

«h I 1o * «
wo
©oj
9 d1<A 41

||
•

©
*» o 3 r-4

bi ©^
^^ r4
©

»

O
© j3p

2&
• ro

K\
i-4 xt d• d
• 1 I
r-4 r-4

1 i
2 CS

3

+1

o
I

f4>

R

S

t

I

KNCT><M4-C0
KMJ\4 O-tfS
• • • • •

lT\r-4if OJrf'
r-4<M r-»r?\

It

UN

UN
vO
•

r-»

§

O

8

^tCOr-t^iH
i-HN^COO
• • • • •

ifNC^tNISCV
HtMOJ K\

(T^CSKN<\JCv
• • • • t
KMAOOJKN
CM KNC\J KN<\1

l+l+M+l +I+I+I+I+I +1*1+1+1+1

r-t dr #H r>tf\ H V0 O CVJ r-4 NOCOOO
<\J4-(\iiAO vD^00«HC\l CT\KNK\ii\K\

• • • • • ••••• •••••
t/NOCx-KNO M>KM>-iACO tf\<\lvOCT*CN
vGaM/WOO"* lT\0M£i-4H KNUJiHO^fr
CBiTvcOO-rN v0iA<3vX>v£> tAv5\£t£>CO
^4-3F4-^ ^Jt^?^ 4-33F33F

*

I
t>.K\r"4Cr>y9

©

©
a
o

i

I

9

S

o



61

M
O
•H p
(0 o
•H «)

O T»

3 ©

&*

f*4

P
O
•o

5

p
o

«

P
O

5

W
P
o

<3

nj M
p
o

p
o
I

3

p
o

5

3S

P
o

Cv C\J K\ CO EN f\J

K\ CM cn CM r-l ts
• « • • • •

$ if\ KN *\ r-« Cv
GO <\» <M CM i-t

rd

3

p
Pi
•
o
o

m
p
p.

o
o
<<

m
p

8
o

p
Pi

O
O
««

a
p
Pi

O
o
-4

31

P
O

31

P
Pi

I

33

4»
Pi

O
O
1

<M

(N
00

2*

o

o «N

a
l
•H

P

i

a
o
»
p
3

p
3

3
a
a.

o

•a

3
O

4

0>O\

bO



INFLUENCES OF SII2 LOCATION UPON ^ERQX CONTENT 0?
oiiLOS OF SOME COMMON PLANTS OF NGRTHKASTLRN KANSAS

by

STIVE ROBERT JOHNSON

B. 3., Husboldt State College, 1966

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

HA3T*a OF SCIENCE

Department of Zoology

KANSAS 3TAT-, UNIVERSITY
Manhattan, Kansas

1968



A study of avian bioenergetics has been in progress at

Kansas State University, Manhattan, sinoe November 1961. When

bioenergetics studies on unconfined granivores are oonducted,

differences in energy content of consumed seeds may be of major

importance. In the fall of 1966, a study was initiated to

determine the effects of growth site upon the energy content of

seeds consumed by bobwhite quail ( Colinus virgin!anus ) in the

Flint Hills region of northeastern Kansas.

Mature seeds of giant ragweed (Ambrosia trifida ). common

sunflower (Helianthus annuus )* buffalobur nightshade ( Solanum

rostratum ). smooth sumac (ahus glabra ) and aromatic sumac ( R.

aromatica ). roughleaf dogwood (Cornus drummondi ) . buckbrush

( ujmphoricarpos orbiculatus ) , Japanese brome ( Bromus japonicus )

and yellow bristlegrass ( oetaria lutescens ) were collected from

26 August 1966, through 7 March 1967, with the majority col-

lected between 1 September and 50 November 1966. Seeds were

hand collected from plants growing on Lowland, Ordinary Upland,

Limestone Breaks and Clay Upland range growth sites described

by Anderson and Fly (1955)* at 21 different locations through-

out Riley, Geary and Pottawatomie counties, Kansas*

Analyses for energy content were made by igniting ground,

dried, pelleted seed material in a Parr series 1200 adiabatio

calorimeter using a Parr 1101 oxygen bomb under JO atmospheres

of oxygen. Parts of seeds analysed were those actually con-

sumed by bobwbites. Four analyses were made on each sample

collected from the four range growth sites at five different



areas* Hence, 20 determinations were made per growth site,

and 60 per species, resulting in a total of 720 caloric deter-

minations for the entire study.

Seeds of oolanum rostraturn , Helianthus annuus . Khua glabra

an<i '&£. aromatica and Ambrosia trlfida yielded the highest

energy values of 6020.32 7.16 cal/gm, 5573.41 + 6.64 cal/gm,

5205.39 £ 5.26 cal/gm, 5303.88 + 6.31 cal/gm, and 5283.15 +

7.42 cal/gm, respectively. Seeds of Cornua drummondi and

jjmphoricarpos orbiculatua yielded lower energy values of

4923.02 + 6.41 cal/gm and 4661.65 £ 5.56 oal/ga, respectively.

Grass seeds yielded the lowest energy values of 4402.65 +, 5*67

cal/gm and 4353.24 + 7.79 cal/gm for ietaria lutescena and

Broxaus .japonic us . respectively.

Mean energy values were calculated for seeds collected

at range growth sites and areas within the sites, and an

analysis of variance was applied to these data. Mean energy

values for all species of seeds except Rhus aromatica were

found to be nonsignifioantly different between range growth

sites (P>0.05). However, mean energy values for all species

were found to be significantly different between different

collection areas within sites (P< 0.05). ?iaher L30 multiple

comparison procedures on significantly different means revealed

no evidence that the same collection areas produced similar

increases or decreases in energy values of seeds from different

species of plants.

i^xperiments to determine the atmospheric water absorption



by ground, aried seed material exposed at 40 and 70 percent

relative humidity, showed 5»6 *nd 6.3 percent increased in

weight respectively, which corresponded to a 250 and 260

cal/gm energy decrease, respectively.

Monthly analyses of lihus glabra seed material stored at

-»22°C. for nine months revealed no significant decrease in

energy (P> 0.05).

Most oily seeds analysed during this study were observed

to yield high energy values, aorschgen (1966) reported fat

values (percent of weight) for some seeds} these fat values

compare favorably to energy values of the same species analyzed

in my study.

Organic matter content in soil, macro- and mioronutrient

supply in the soil, soil-plant water relations, precipitation,

stage of plant maturity, and genetic characteristics are

believed to be factors which might have influenced the energy

content of plant seeds in this study.


