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INTRODUCTION

The study of aquatic commnitiss has provided the basic information
for the dweiopﬁant of trophic ecology. Forbes (1887) indiceted the
negessitys for-. the study of an entire blotio cemmliiy in order to reach
an_'un_défatandmg of the factora which affect perhaps only one species of
partiﬁu.lar interest. Tansley (1935) intrpdueed the idea of t_ﬁs CLUE
system which included the abiotic as well as the biotic factoré.
Lindeman (1941, 1942) and Juday (1940, 19L2) applied the results of com=

munity studles towsrd development of a trophicedynamic spproach to

ecologys This latter concept imolves the rate and efficiency of energy

vtilivation within each trephic 1ev_e1 in the community.

The early research elucidating trophic ecology was conducted on
Jakes since they provided & relatively limited ecosystem which may be
studied without undue influence from the surrounding habitat, Odum
(193) 1isted three genersl conditions which distinguish between lake
and stream communitiess 1, ocurrent is a major controlling and limiting
facter in stresms and effords organisms & constant renewal, of the mediumg
2. leand-water interchange is more- eitenaiva in streams ﬁhieh results in
a more cpen ecosystemj and 3., oxygen tension is ususlly higher in
streems and thermal and chamical__ gtratificetion is slight or absgent.

Most strea;ri blology resesrch has been limited to a particular Eroup
of organisms., Illustrative of this are Ide's (1940) study of the amer-
gence of insects and that of Starrett (1959) who studied food relationw

ghips of minnows, A recent study by Allen (1951) included trout and the




ineect fauna of a stream. Odum and Odum (1955) evalusted the relstions
ahip between the standing crop and productivity of a coral reef and Odum
(1957) conducted @ similar study on water flowing from a large spring.
The latter twn studies are pertinent since they attempted to 258038 proe
ductivmty at all trophic levels,
Bouthern Piedmont streams sre charactsrized by a heavy silt load
aﬁd shlfting gand bottom;, The silt seriously limits light penetration
and, consequentlyb the development of a phyteplankton population, The
shlftlng sand bohtcm prevents the establishment of a phytobenthic com=
mmdty. Fl@ad plain ponds and backwaters are typioally-abssnt from these
streams ellminating a gource of phytoplankton as was reported for the
Illlnois River by Kofoid (1903). Therefore, it could be anticipated that
| the primary productivity of Piedmont streams would be very low. Scott
(195L) noticed the development of stream communities composed largely of

filter- and detritus~feeding organisms in the Sevennah River. This
observation led him t6 sugpest that the primary productivity of these
communities was derived from the surrounding watershed,

The present study is a quantitative evaluation of the standing 6r0p
and an estimate of the producﬁiﬁity of a community on & rock outerop in
a small river,  The annual'cycle of the development of populations of
orgeniams was observed. Seversl features of the study meke it unique in
respect o othars in trophie ecology. These are: 1, the entire GO
munity on the bedrﬂck (excluding bacteria, protozoa, and small metazoa)
was sampled; 2. a fine-meah catch net was used on the bottom sampl.er
permitting the recovery of small organisms; 3. the samples were sorted

under & dissecting microscops where it was possible to ldentify small

; | '




arganism.st'in the sample material; L. particulete orgenie matter in the
river water was measured since it was a potential sourece of food for
fil‘bernfeeding primary CONBUMOrE. $ampling wags done in drder to ascers. .
tain t.ha murca of argania dﬁtritua. The diurnal variatidﬁ in the
dissolved axygen euntent, of the water was meaaurad in sn sffort %o
avalua‘l;a praduct v:.t;r w:l.thin the stream, Fa.eld abamatiana were
started at the atudy area dur.mg October 1951; when the first water
aaugples were. takeng Water semples were taken through Dmember 1956,
Pralim:mary samplea for blomass studies were secured in December 1955..
Intansiw aampling of the bottom fauna began in April 1956, when a
satiafadtory metlsh,ad.er handling the sample matér_ial was developed, and
eﬁde& in April 3.-?57'; | | |




nmcmmomﬁ THE STUDY ARFA-

The study evea {Figura 1) ﬂaa lacatad on the Middle Oconse RiVer,
anawhalf mile upatream from U. Si Highway 29 at Latitudo 330 57 2" K
anci Longitude 63" 25¢ 110 W (U, s. ;nept. Inte 1951), near Athens, Clarks
Gounty, Geargiaq ‘The site was seleotad beeause & rock outcrop aueurred
in the stresn bed and tha U. 8, Coast snd Geedetic Survey maintained a
gauging station theéé; The rock outerop was & desirable feature gince
1t provided an éaaily'aamplad; golid suhatraﬁéér These rock outcrops,
which aye valled ahﬂéla, are characteristic of streams in the Georgla
Piedmnnﬁ in@-are formed by tha'difrarantigl erosion of the rocks in the
' ﬁtream.bﬁd._ These bu%uraps usually repraﬁant the intrusion of more
regiatanﬁ migmatite and monmonite into the soft *0areline gneiss"
(Woodruff and Parizek 1956)

The avtr#ga gradient of fhe Middle Oconee River in Clarke County
18 7.5 feet/mile, However, the gradient actuslly varies from 22.5 te
0:7h feet/mile. Three large shoal areas scrounted for 126 feet of drop
in 6.6 nﬂiea (Woodruff ﬂ,nﬂ Parigek 19.5”6)_._ The gradient immediately
upstrean from the study area wga'lésa then ene feot per mile and that
downstream slightly graater.,iThs £all on the sampling area of the rock
outerop was 60 om in éjﬁistaﬁcs of four and one-half metera: The length
of the entire dﬁterop-vaéiad'tram aight to t@n_mstera‘and the river was
abéut 56 moters wide. The river immediately upstresm from the cuterap
had an irragulgx'roéky béttam, dawnétream-the gtream bottom materials

were coaréa—ruhblé; Tha‘uonatitutian of the material downstreanm from
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the fell was dependent on volume of flow, Sand was found closer to the

foot of the fall at low river flows than during high flows. Other than

the rock and rubble in the ares of the outcrop; the botiom was shifting
sand. The average annual discherge of the Middle Déonee River from
October 1, 1955 to September 30, 1956 was 285 cubic feet/second (seconds
feet), During this period the maximum and minimum instentaneous dise
charge were BGLO and 29 second-feet respestively, The highest discharges
oecﬁrféd during the winter months and the minimum discharges were in

August and September (Table 20, appendix).

The rocks supported a growth of Podostemunm cefatophyilum in almosgt
all sites whibh were covered with water. During pericds of low water,
large areag of the outcrop were exposed and the Podostemum dried upg
following high water, only the stolons remained. In either case, when
conditions again became favorable rapid growth ensuved. Sampling was
confined to & midstreanm channel which mainteined a water flow at 211
times,

7 The watérshed of the river upstream from the study site was 398
square miles (U, S, Dept, of Int, 1951). According to the U, 5. Depart=
ment of Commerce Agricultural Census (195h) land use in the drainage
basin was the following: woodland LLi%; cropland 30%; pasture 22%; other
land uses such as roads, houses, snd fallow L%, The elevation of the
genging station at the study area was 555,66 feet above sea level (V. S.
Dept, of Int.ﬁi?El). Mr. J. G. Beacham, City Engineer, Athens, Georgias,
sstimated that in June 1957 the river received sewage from 35 to LO homes.

There was no industrial pollution in the river. 85ilt was the most

bbvious pollutant in the water. The river selected for study was




i
1
!

conaidered a typicel Piedmont stream.
4 amsll number of pH, bicarbonate elkalinity, and carbon dioxide
measurements were made on the Middle Oconee River (Table 1). As may be

seen from the bicarbonate alkalinity, the water in the Oconee Hiver was

very soft,




Table 1;. Carbon Dioxide, Biearbamte Mkalinity, and pH of Middle
Oconee Hiver Water,

" Blearbonate

.,,Batr,é' .
| 13359_55
119155
: _fﬁt_-fl_.éﬁéss' -
Da3ss
Iﬁiﬂﬁiﬁs ‘

K12l58
X128155
XI:5155
X1:8485

XIi11458
XL125155

XIIs1158

XIT12355

I1121186

Alkalinity ppm

18,70

21,15
21,00

20,50

19,60
16,15
173
17.40
20,10

1,60
3.10

24 65

35
335

B

i




METHODS

The bottom sampling methods DBotitom semples were talen with &

Surber type stream sampler constructed to cover a 10 x 10 om surface.

The satch hat was made of mumber seven, silk, bolting ¢loth which has
82 meshes per ingh, J;naasan (1955) fouad in a study of the efficiency
of sieving technlques that a net with a mesh of 0.2 mm permitted the
recovary of from 2 to 6 times as many urganlsms as the ordinarily uaed
0,6 mn mesh, The catch net was 50 om long and cut without auy taper,
althbugh the end of the nat-wﬁs rounded, The large aréa of the net
a116Wed the water to fibw smoothly through the sampling apparatus, thus
preventing ihe loaes of binmaSS at the frént of the sampler, Sheet
copper sides were soldered on the frame of the sampler, and thase were
also of value in preventing loss of material,

A series of five pamples was collected nn.a selected area of the
rock outcfép at approximately monthly intervals, elthough, on twé ocea=
siong, four samples and once twelve samples were taken, The schedule
had 10 be vari&d on several occagions because of high water. The rock
surface was ngt_flat everywiore but by pressing the sampler into the
Podostemum mat an effective seal was formed between the rock and the
sampler, A putty knife was used to cut the Podostemum arcund the inside
edge of the sempler and to serape thé surface of the rock. The flow of
water through the aamplar.carried the loosened materisls into the catch
net. The materisl was picked and washed from the net and placed in a

pint jar where it was preserved in two per cent formalin.




Sorting of bottom samplese Pﬁpal cases of Galopsectra and Simulium

and other clinging organisms were removed from the Podostemum in pre-
liminary sorting. The material was then rinsed in two per cent formalin
to Waﬁh off organisms too small to .be seen with the unaided eye, Thess
)washingé were e;tarriined under the low power (15x) of a dissecting microw
scope and the pmall orgenisms were rérmved and counted, Allochthonous
plant detritus such as tree leaves and snimal detritus, whieh consisied
largely of chitinaué portions of aquatic insects, were separated at this
time, The remainder of the material was classified as autochthonous

plant detritus and consisted of dead fragments of Podostemum,

Weighing of bionasg, Weights and loss on ignition were determined
for orgenisms and detritus in each sample series by weighing on an
analyticsel balance to 0,1 mg., The organisms were dried at 1032 0 to
a constant weight. After welghing, the biomas was ashed in a muffle
for one hovr at 5500 C and reweighed to determine loss on ignition {ash
free dry weight), thus potentiel errors introduced by gut contents and
contamination with sand grains were avoided. The gut of many of the
organisms frequently conteined much mud or silts For example, the
a8h conten‘t of Si:rm_il.ium larvée was over twice that of the pupae

(Table 2), In order to account for organic matter leached from the

- Podostemum, the formalin in which each sample was preserved was evapow

rated and its loss on ignition was added to that of Podostemum, The
amount of this material derived from the animals in the samples was
negligible,

The water sampling method, Water samples for the determination of
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Table 2;'tﬁomparatiVe Ash Content of §i§§¥§ﬂﬂpLér”aﬁ ant Pﬁpge.
— | | n@ta;._._ . i_gn %Wzi;‘“‘wi'm? Bah sxa@aﬁﬁﬁﬁﬁ%"?“‘fs- Agh !
Mpr, 238 25,1956 131 768 1742 09 N6 L8 il
Hay 10, 1956 . 1.3 847 .94 0.6 1,3 31,58 i
e b, 1956 20,8 960 264 21 289 7.26 i
June 2k & 25, 1956 52 369.8 17 19,8 2875 . 6,89 ? |
July 23, 1956 279 149.2 1670 2.0 - 27 8.0 gl
Chugs 22,1956 16,7 2780 2059 M0 W73 Bk6 |
l-Septﬁ 18, 1956 = 532 322 25,07 3 L0.3 Bk |
- Ggts 3, 1956 N 29.8 22,48 1.6 1448 11,27 i

Nov. 2, 1956 2l 1269 1899 1.9 30,0 633
; Nov. 30, 1956 8.3 55,5 195 WS 62,2 T.23
 Dee, 19, 1956 5.0 3B 1572 Od Bl Ll76
Jan 1, 1957 0.2 1.6 12,50 “l

Feb, 18, 1957 1.2 7.0  17.14
spr. l, 1956 85  3M.T 22,98 LT 175 9.7
Aversge ' . 20,7k : P12
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detritus in the river were obtained by holding the mouth of & gallon Jug
about one inch below the surface of the water, Ihree, one liter aliw-
gquots of ‘this sample were passed through a.Foerst continuous uept_ri_.fuga r
(4400 x g) at the rote of one liter per six minutes. The materisl . .
retained in the cemtrifuge oup was designated the particulate fraction,
and the materisl passed by the centrifuge was conaldered the disgolved
fraction (Birge and Juday, 1934). - The dissolved fractlon was evapos
rated to dryness over & steam b#th' and the particulate {raction was
washed into & orucible and pi-ace.d in an oven to drys Both fmctiané were
drisd o émnstanﬁ. weight at 103° C. The samples were ashed at 5502 ¢
for one hotr, wetted with amuoniun bicarbonate and dried agein at 1030 ¢
 before weighing to determine loss on ignition (organic meterial)s Wetw
'tirig“the -s'aznﬁiea with ammonium bicarbonate after sshing, regenerated any
bica’rbanatéa and reconstituted waters af-eryé_talliaatinn whieh may have
broken down during ashing (APHA 1555}, An attempt was made to use.
millipore filters to seperate the particulate and disgolved fractions but
the silt and colloidel partiecles in the wsier plugged the fdl’beré almoat
immediately, Under the best of conditions it was possible to filter
only 200=250 ml of water, coﬁaequanﬂy, their use was abandonedy

" lLarge pleces of organle material were caught in a wedge=shaped net
{mouth 1hs6 x 15,2 em) made of screen wire (2 mm mesh). A current drag.
was used to determine the rate of flow whers the net was set, With
these data, it was poasible to determine the total amount of large
pleces of suspended organic materiel transported by the rivers

Dinrnel bwgen,umea. Four diurnal oxygen. gurves were obtained

accorddng: to the method deseribed by Odum (L956a). Bampling in all bub
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one instance started before dawn and continued until sfter dark, Three
replieata samp1es were taken at approximately hourly intervals upstream
and downstream from the rock outecrop, About five minutes elapsed from
the start of upstream sampling ﬁo the start of dawnstream'sampiing.

Identification of organisms and asaipnment to trophic level. The

follswing references were used to identify the organisms obtained:
general, Permak (1953); Insecta, Usinger (1956); Plecoptera, Frison
(1935, 1942); Tricoptera, Ross (1944); Diptera, Johannsen (19372,
1937b); Bphemeroptera, Burks {(1953) and Berner (1950). The nomenclature
of Usinger was followed for the inseets nnd that of Permak for all other
orgenismss Food habits were determined by examination of gut contents

and from information available in the sbove taxonomic references,

Additional information wes obtained from Wesenburg~Lund (1943), Thienemann

(1954) and Walshe (1951). Table 3 contains a 1list of life stages and

the trophic classification of all taxa identified in the bottom samples,
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Table 3. Spedies List,with Life Stages and Trophic Glassificatzon of

Grganlams which were Found in Samples Studied.

mi,u.ﬁ"wmm_uuu,"___wmw,ﬁ

§g llg Bl

1N=Nymph; L*Larv#; P=Pupa; A=Adult,

Life™ Trophic?
- Taxa  Stape Classification
. Coelenterata
' Hydra sp, e

Platyhalmi%ﬁﬁa
Turbellaria :

‘ _ Buges_i& SPa c

Nematoda - Undete

Amnelida -

‘ ﬂligocaaeta (undet.) D
Migochasts eggs D
Hirudines (undat.) LHEE

Arthropoda .

Crugtacea
(ladocera (undet) F
Copepoda (undet,) L
Arachnoidea ‘ '
Hydragarina (undet,) Ny4 C
Hydracarineg egg cases ' C
Sperchonidae : .
‘ -5&@%%@6& 8Ps Hyd ¥
Lebert:
Lebertia Bp- N,A G
Atraeti ' N, A c
Hygrabatidaa
~ Magapus ap. N,A ¢
UniBﬁ%EEiiﬁae
Neumania &p, NyA c
Hypachthoniidse (undet.) NyA ¢
Insecta '
Lollembola
 Isctomuruas palustris A b
Ephameroptera
Caenidae ¥ - -
Trico; hadea sp. N b
Ba qu. N D&H
, Ephamnr@lli&aa
N - Dl

-QCﬂGarnivare- D=Betr1tus Feeder; F=Filter Feeder; He=Herbivore;

Uhdet.ﬂdndeterminad.
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Tabls 3. Cantined,
' Life ' C Trophic
Taxs _ Stage . Clsssification
Baetidae (undet.) N D&H
- Heptageniidee
- Stenonemna spP. N - bad
Odonata, Zygoptera
Coenagrionidae :
5 Flecoptera :
| | Pteronercidae R
: PLeronsrcys sps M H
| ' Taeni@pbm'ygidm _ ‘
| Taan N Déi |
‘ N D&H oy
f N H | i‘
 Perlesta El N ¢ !
Perm . ‘
Igogenua sp. ‘ N G ;l
Isoperiidae @ "
Isoperls spe N, G i
| Hemipters N ¢ |
‘ Hegaloptera : S _ ;1
Corydalidse : ' S
| Corydelus gormutus _ L C | |
‘ Tricheptersa L
Hydropaychidae !
' : LgF F )
‘ L ¥ il
I L,P F : l‘
\ i :
| Le_ 'bocella Bpe L P |
d Haln.plidaa
I hius 8P« L H
‘ Bpe L H
Gyrﬁa%—'
: mﬂ 8w L o
Hydroﬁffﬁ.?fdaa L ¢
Hydrophilidae A B
i Hﬂ@h@mﬂ SP; L (4
\eraaus 5p. L H
i . Anacaena £pa. L c
‘ idae AL H
Diptera




Table 3. Continued,

Trephie

Taxs Btage Classification
Tipul:ldaa _
TJ. e 7 B
ii ae
Smulium Bpe AyLgP F
) imﬁium cagt larval and
- puped skins Detrdtus
Snmﬂlum dead pupae Detritua
SAuLA U Pupal cases Detritus
Tﬂrlm dae (unda'b,) ﬂ,L, Undet.
© Pelopiinae
Pentaneurs ep. L G
rocladius spe L 61
Hydrobaeninae
Gor%neura Bps %,P H
EDs , D&H
‘Gardiccladius spe L,P G
Gricetopus {Spaniotoma) L EpDs L, P H
Tendipedinas
Gala gectrs sp. cases Detritus
) _ L D
. . posbiioeAind L,P D
Gr :‘;ptm;ﬁ?__.rommua _sj;_ylifera L ¢
Oryptochirencms SPs b dJoh, L C
LVE _ L H
1 ip charanomus} 8D I D
Helei 7 undet ) LyP D&H
Dolighopodidae {undet.) L,p c
Empididae
Hemerodromia ap, A,L,P ¢
Anthomylidae {undet,) L ¢
Mollusea . o
Gastropoda
Pl@umuercid&e
Gonlobasis sp. H
ﬁonio‘bauﬁs 8De Shells Detritus
Aneyl: :
Farissia 8P H




RESULTS AND DISCUSSION

Sampling adequacy, The 100 em? samples used in this study were

considerabiy smaller then the square foot or 1000 en’ sanples normally
taken in bottom fauna studies, The adequacy of the 100 eﬁ? Bamples was
verified by application of a species area-curve (Cain 1938)., Table )
shows that in a1l serdes of samples, over 90 per cent of the taxs were
represented in the first three out of five samples in the series while
four samples included 96.6 per cent., 4 rate of change of five pep
cent or less was considered the poiﬁt of diminishing returns for samples
- of this type. The inclusion of a fifth sample in the present study
incfeaaed ﬁha number of species repraesented by only 3.1 per cent, A
series of 12 successive samples was taken on June 25 and 26, 1956, These
contained 38'taxa, 3& of which were.represented in the first three
samples, Only four additional taxa, represented by eight individuals,
were recovered in sugceeding sarples, This twelve-sample series indicated
that iﬁdiViduals, as well as gpecies, were adequately represented in
the samples taken,

The mean, ihe atandafd deviation, and the coefficient of vaeriation
were caloulated for.the total number of individuals in samples of each
gseries (Table S} Although the coefficients of variation were usually
higher when the number of individuals was small, they were relatively

consistent for field data of this type and were similar to those found by

Cross (1956) in a study of the arthropods in an old-~field ecosystem.
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Table ﬂa"Hﬁmher of Taxa and Additional Taka Collected in Succeasive
Samples, .

TR
Total Total

Date 2 l8X2 Samples
Apr, 23 %25, 198 . 313 10 7 O o0 308
Mey10,1986 0 19 8 3 2 . @y
" June by 1956 22 3 4 1 = o3n oy
 June 25 426,195 23 5 6 @ 0O w5t
Jily 23,1956 18 &k 3 3 ) 29 5
Aug. 22, 1956 A k 3 5 0 33 5
“Sept, 18, 1956 23 5 1 3 1 33 5
Oct, 3, 1956 15 3 5 2 3 8 5
Nove 2, 1956 g3 4 2 2 1 3 5
- Nov, 30, 1986 30 3 1 0 0 34 5
Dec, 19, 1956 26 3 1 1 3 3% 5
Jan 21, 1957 22 6 3 L 0 3% 5
Feb, 18, 19597 26 3 0 3 1 33 5
Apr, b, 1957 2 6 1 3 1 W s
Total 06 67 W6 29 16 L6l
Average 2,86 79 3.29 2,07 1.33 331k

Per cent of total 65.96 80,42 90,34 96,59 100,

1Saven additional semples in this series contained four additional

taxa represented by eight individunls
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Table 5, The Mean, Standard Deviation,and Cosfficient of Variation of |
~ the Total Number of Individuals in Samples of Each Series,
o . Standerd coeff-iéiem of
—lEte o tegn . Deviation . . Variation
| hpr, 23 6 25,1956 L3 a2 481
Msy 10, 1956 276 222.0 80,13
~ June L, 1986 - 207.9 32,18
: June 25 & 26, 1956 9ké 270,9 28,64
July 23, 1956 | 535 1899 35,48
hug. 22, 1956 Coum 8683 73.77
Sept. 18, 1956 23 G125 27,42
q Oc_1;i 3, 1956 262 152.4 58.17
 Yov. 2, 1956 a7 15,8 25,09
| Mo, 30, 1956 | 838 102 L |
| Dec. ig, 1956 87 26s 29,00 :
Jan 21, 1957 361 177.1 19406
| Fob, 18, 1957 1160 429.8 3697 |
B sors Iy 1957 a6k 2y
|
|
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Diversity indices (Simpson 1949) were ¢aleulated for each sample
and for each gample series. The diversity index is the probability that,
if 211 individuals in a senple were randomly mixed, two individusls
plcked at random would not be the same species, The diversity index
approaches one when all species are represented by equal numbers of
individuals, It approaches zero when sll gpecies but one are represented
by two_ﬁndiyiduals and the many remaining organisms belong to one
speciesi The diversity index may be considered a mathematical sxtension
of the ideas of Richardson (1928) and Patrick (1949). Richardson
studied numbers of individuals and munbers of species in relation to
pollution in the Illinois River. Patrick used bar graphs to indicate
the dominance of certain pollution tolerant organisms. The diversity
indices calculated from Middle Oconee River data (Table 6) show a
variation of the same magnitude as that of the coefficlent of variation,
This veriation may‘exemplify the variability to be axpéatsd in a stream
commnity free from organie pellution, Unfortunately, there are no
date for comparison. No seasonal or oﬁher trends were revesled by the
indices.

Standiqg;proga of ogggniéms; Tne standing orops of organisms sare

sunmarized in Table 7. Tables 2134 {appendix) contain the data from
each sample, as well as additionsl data on such items as Calopsectra
cases, Simuliuﬁ pupal. cases and cast pupal skins. These serles which
did not contaiﬁhfiva 100 em? samples havé been corrected to 500 em® in
Iable 7,

Diptera, including 8imulium, Calopsectra, Cricotopus (Spaniotoma),

Polypedilum, Corymoneura, and Cardiocladius, were among the most common
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organisns encountered. Five spscies of Hydracarina wers consistently

present. Mayflles in the Bastidae snd Stencnems and Ephemerella were

common, The stoneflies Pariasta placida, Isoperla, Taeniopteryx naura,

Brachypters and the dobson fly Corydelus eornutus were present on the
rock outerap aﬁa;sanaily.. |

An interesting univoltine condition was exhibited. by Taénioptery;c

maura., The nymphs found on January 21, 1957 appeared to be at or very
near their meximum sige (Table 8, Migure 2). One individusl wWas emer= ;
ging as an adult when the sample was taken, The hatohlings were found

in the next samples taken on February 18, A decrssse in rurber of

individuals and an intrease in their average weight continued until

Hay 10 (1956 data). None was found again until November 2, at which
time they showed no growth, Rapid growth ensued until the maximum |
weight was reached in January. Frison (1935) noted the winter hateh of

eggs for Imeniopteryx maura (= nivalis, Frison 1942) but was unsble to
find the young before Qetober iO in I1linois. Another stonefly,

Brachyptera, exhibited s similar 1ife eycle in the Middle Oconee River
(Table B), The maximum weight. of individuals of this genus was attained ‘

in Februsry. Univoltine life cycles were exhibited by Perlesta placida

(Table B), Isoperla, Corydslus cornutus, and Ephemerella,

Nong of the athar orgamiams collected showed distinct 1life cycles.
The similarity of early life history stages of closely related species

may have masked the life cycles of these orgsnlsms, For ingtance, the

taxon Hastidas was known to include isonychia pictipes and at least one

species of Paeudooloson; Hydropsyche include both H, betteni and

H. frisond; Stenonema included two end possibly three unidentified
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Figure 2, The growth of Tmenioptery
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gpeciesa; The seasonal sbundance of Simdium larvae and pupae suggested
msximun emérgence in June, ﬁuguéih and Novenber. However, Wu (1930) has
shown that the intervals between peaks of emergence do not neécessarily
indicate the span ef larval and pupsl life. He found en incubation
pariod of four to five days, a Llarval stage of 13 to 17 days, and a pupsl
stage of i‘eﬁr and one~helf days. The pra_sanee in the Middle Oconee
River of pupae in 811 months but Jamuary indicated emergence durdng rost
of the year, ' 7 |

The Tendipedidae zppeared ’t& energe at sll seasons of the y'ear; "
CalnE sectra pupae were found in every month with the maximum number of
larvae and pupae ccourring in Saptember. A decreese in Celopretra
larvae and pupee was found in the samples of October 3. High water on

September 26 and 27 caused a heavy mortality among the larvae and pupaej

numerous dead individusls weie found in their ssnd«filled cases, Four

species of Griqqtap}m {Spaniotema) larvee wers distinguished but not -
i&entifiabd.' Of these, species 2 had a period of major abundance in
August and September &t a time when populations of species L.and l were
1-&1@;'--'6&1 inerease in numbers of small 1arva§ of all four species were

observed in January, Febrnary, and April 1957 samples. Fol edilum

convietum, -Gog;maﬁé_ux_'a, and Gai'diooia&iua were consistent, but relatively
minor, constituémbs of the dipteran fauna. |

It was interesting to note that -_t.ha three large predators which
oocurred in the community resched their maximum sizes at different times
ol the year. Farlq{s:tg placida 'e::hibited. its .gr'eé'l:‘.est growth from late

April to late June, _Cor;yﬂa-lu_‘s‘ earnutﬁa grew rapidly'i’imm late July

through mid-Beptember, after which time it was absent, probably as a

result of the September flood, Isop _er_:l-.@ wag ab its grestest siue
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from late Februery uitil early April. The seasonal distribution of the.
large predators resulted in a reduced competition for food among them. .

Seesonal standing crops of Fodostemum ceratophyllum and detritus, .

The wide variation dn the gessonsl standing crops of Podostemum _C'Té.ble 9)

was largely the effect of chenges in water levels in the river., . The
gradual increase in the biomass of - Podostemun fron actober 3, 1956 until
April ), 195? was due to a normal increase in average river flow, A

8light cessation of growth was found from November 30 wntil Decem:er 193 -
during thie pe‘riad, the river remained at a. relativ‘ely congtant level
and the viomass of Fﬂd@atmum remained appruximately the pama, A s‘tseaad,;

decreaase in aVeraga river discharge resulted in a reduction of the

standing :zmp ‘between .the July 23 and Auvgust 22; 1956 samplem . Regeding -

| water levels expossd the plant to aﬁ 80 that it wilted, broke off, and
pessed downstrean as detritus, The damaging e:fmct of high, turbalent
flows was demonstrated by the ane-—third reductian in the standing crop-
of quost@fmgppewem the June. 25-and 26 and July 23, 1956 samples and
the September 18 and October 3, 1956 sampless Perlods of high water
wers prasant hetween each sm@ling periode A rapid growth of Podnstemwn
was absewed fallowing both high water flaws, The growth of Padastenum
wag not halted by w:mﬁer water temparaturtaa whioch were frequently below
10° ¢, -

The breakdown of Pﬁdesteum within the eommuwity resulted in the
fermatian of autuuhthnmua plant: detri’ous (Table 9 ). The amount of this
materinl present in the smnpleq— mras gererally congtant, 4An irregular
increese was indicated in the samples from October 3, 1956 until April l,
1957. The ianeas;a denoted a contlnuous growth and breakdown of
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Podogtemun, The agscumilation of autochthonous detritus within the
community in April 1955 and April 1957 mey have been the result of low
water temperatures (below 20° ) which decreased the rate of bscterisl

decomposition of Podostemum, The breakdown of orgsnic materdsal within

" the comnunity would be expected to proosed at & hipgher rate from Hay

through Septenber when water temperatures were from 20 to 30° €,
Allochthonous plant detritus (Table 9) consisted primerily c;r
leaves and lesf fragments, although, catkins, twigs, and seede were found
periodicsllys %The increase in the October ) and November 2, 1956
samples wan dun to leaves, end the incresse in the Apiﬁl andmy serples
was due to both leal fragments and ¢atkins. These materisls were
trapped in the Podostemum beds and were mogt abundant at the same bime
as the awtoehthonsus plent detritus, The more luxuriant prowths of
Podostesmm offered more spsce in which the alloohthonous materisls
became lodged,
Animal detritus (Table 9) ineluded the chitinous remsine of
aguatic insects, the onges of Simulium pupae, and the cases of Calop-

sectirs larvae and pupae. Thesc casos were included since they contained

. maturials produced by the spin-plands of the organismss The Calupzectra

cesaes gonaisted of silt held together with a silk«like mmterial produced

by the lervae, The loss on ignition of Cslopsecirs vases would then

. ba the result of the orgenic silklike materisl end from organic meteriel

in the silt, The \nmount of enimal detritus in bottom samples was
roughly proportional to the insect biomass, This dat.ritué f&csvwad on
three occapions (April 23 & 25, Octcber 3, 1956, and January 21, 1957)
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was astually grester thsn the stenmding crop of enimels present, bﬁﬁwsﬁ',
) Ar Celopgestra cases were excluded, animal detritus would axaeémi biomana
only on April 23 snd 25, The smell smount of animal biomase preaertt on
Oetober 3, 1986 and Jamvery 21, 1957 was preceded in each inetmme by

sarpias containing e large biomnas,

tus in river water, The particulste detritus (Tsble 35,
appendix) and tha disesived crganie mutier (Table _36; appendix) in piver |
water were measured pericdicslly from Ostober 8, 195k until Decembor 27,
| 1955, Host samples were collsoted after June 1955, In the present
| | stuwdy the partiovlate fraction was of grester intaréat# than the digselved
':Eﬁmﬂ*aicﬁ tecaune of its potentisl velue es food for filter-fecding
‘ @rgmiam, The lo#e on ignition of the perticulete fraction was plat*fﬁd'
| 3 | (Figuare 3) as & function of river discharge sfter ihe methed of Leopold
' - _ ~ and Naddox 6.19_53}1, The samples were sepsrated into sumser (Mayw
‘ September) and winter (OctoberApril) groups somewhat srbitarily, This
| geparation roughly corragponded to a water temparature of 2@"”’ G  When
thess date were plotted, m merkod difference in the dimtribution of the
B two groups of data was noted. |
| - The two lines on Pigure 3 are the regresglon lines showlng losa on |

ignition in mg per Liter as a function of river discharge for beth summer

and winter values, The lines have a forwula of the type, yeax®s The
equetion for suwmer pomples wao rm.&aﬁu@'@a and thet for winter

samplen wad yn4éz.clﬁﬁxﬁ'32h. A gorrelation coefficient of yw+D,5525 was |
celenlated for summer samples and that of winter samples wan r=+t0,70LT.
|

-- Foth ¢ vslues are significant at the 99% level, The grester dispersion |

of summer points as compered to winter points and the higher levels of




%gﬂrﬁ.ﬁ

qﬁﬂgn%ﬁﬁﬁgggﬁﬁs

| S : mm._._u_\o—z mDn_muw_...rmO S R
008" 004 . 009 00S 00 = 00€ 00¢ OO_ .. 0
! , T ! — T T J T v 40

. “. ,., : Do |ON

s®
1
Q
- H3L/9W NOILINDI NO SSOT

00l




A

~organic material in the summer were tiwo signifieant features observed in
Figure 3. Summer thunderstorms were a factor in the variability of
gamples obtained at that tiﬁa because of a rapid rate of rainfall and

a rapld run-off which resylted in a sudden increase in river discharge,
By econtrast, the winter rains had a-élow rate of pf&cipitation with a
gradugl increase in river discharge. Another pnséible factcf was the
&evelopmenﬁ of a phytobenthio cogze at the tiﬁe of low, relatively clear
water &uring the summer, A river rise, causing increased turbulence,
- would plck wp thie coze organisms and make them part of the organic mate-
rial in the water, Conditicns favorable for the deveiopment of a '
phytobenthic coze were so infrequent that the total contribution of this
moteridl to the flowing detritus was not considered gipnificant. The
data suggost the possibility of a limitation of the smount of partiee
ulate detritus at a maximum value durdng the winter and at miﬁimum
values during both summer and win%mr; The re&s&ns for these limitw
ations are unknown, however, the hipher winimum velue in the summer mnay
have been due to a eonstantly sloughing aufwuchg,  The winter maximum
gould have been the result of & 1imitﬂtion?iMposed by turbulence and

the amount of orpesniec debris in the bottom'sediment5¢

A direct relationship existed between loss on ignition and total

dry residue in the particulate detritus (Figure L), Iﬁinca this relation=
ship existed for both summer and winter samples, all data were plothbed
together, The fa;tors which caused silt to be present in the river were
also reapansible'fbr the transport of organie materisls. Samples of the

sandy stream bottom immediately downstream from the rock outcrop revealed

the presence of from 200 to 300 grams of #llochthonous organic material
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per square meter, The inereased turbulence of a rising river undoubt-
edly caused some of this moterisl to become suspended as part of the
river loady, The hottom sediments in the river act as a trap and reserw
voir for organic materdials. The larper pleces were comminuted by the
shifting sand and the fragments ¢arried into suapension, Sveh detritus

stored in the bottom sediments could constantly add orgenic materisl to
| the stream lond,

The diséolved fraction of organic material in £ha samples (Table 36,
a@pendix) was normally two to ten times greater th&h the particulate
fraction. However, a river rise because of rainfall-prcduced conditions
in which the partiewlate orgenic fraction was twicé as greet zs the
digsolved organic fractlon. Birge an& Juday (1934) found in the
Wisconsin lakes they studied that, on an average, the dissolved fraction
wae 31 ﬁimes greater then the particulate fraction. Water from Wis-
consin lskes was similar to thet from the Middie Cgonee River al normzl
1evelslin respect to the fact that dissulved materials exceeded the
particﬁlate fractlon,

The source of detritus in river water, 4 particularly interesting

saries of observations was made during and immediately following a
period of intermittent rein from Jamuary 28 through February 16, 1956,
The averapge river discharge at the study sres during Jamery 1956 was
140 second-feet (range 102269 sec.-ft.) which was considerably less
than the average“ﬁf 1,88 second-feet for that month, Three and ong~nalf
inches of rain (U. 5, Weather Buresu Station, five miles away) fell from
January 28 through Februery 6 (Figure 5) producing an increase in the

instantaneous river discharge from 163 to 1337 second-feet, 4

33
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cerreapon&ing rise was noted in the stream 1ead. e partigulste and

dissolved ﬁ'aetions are ghown separately in Flgure 6, The increases in

the dissolved frac:tien for dry resgidue and loss on ignition were from

L7 to 193 mg and 13 to U5 mg respectively. More extrems inereases were

noted in ‘the psrt:.cula‘be fraction. The dry residue inereased from 9.5 to

1,68.8 mg snd the loss on ignition increased from 148 to 6h mg. |
The major kinds of i‘rag;nenta of organic matemal drifting with the
river water were notmd (Table 10) but not sorted and waigh-ad separately.

Podostemum Wag absevmd in most af the samplas in very small amounts and

was raearded becausa of its particuler interest in tis study., The pres

dominance oi‘ leaf m&tarial (an ewtimated 95%) in 'bheaa samples was note-
wex-thy. During the fall, entire leaves were found; but, in the spring
emd. summer, leafl fragmants only were present. Ihe transport by the
river of these arganic naterisls of 8545 mg/second on April 12, 1956 was
i‘ound when the river leml was rising. All other samples were baken when
the rwer discharge was decreasing of stead;y. A 1argelamount of leaf
material was cbgerved in the two smuples taken in the lasgt helf of
Octeber when the :Leaf £21l was the greatest. These samplel indicate
leaves which fell or were blown into the river were aleo an mpartnnt
cource of organic material, A similar eonclusion was reached by Teal
(1957) who found that 76 per cant of ‘b.her energy at the primary producer
level in Root Spring was derived from leaves, twigs, and fruits. The

allochthonaus oﬁmic material in the Middle Oconea River Washéd, fell

or was blmm int.o the stream;

‘.‘{‘he ratios of wi&j anci numbers o;f carnivams 1:-0 primary consumers.

The ratios of carnivores ‘oo prmary aonaumars are useful in trophie

ecolngy for describing seasenal changes in community a%ructure, even
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-:lnurease in river diseharge,
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though. ?l;,.'h.es:a'ratio_s‘ do not account for carnivores ea’bi-ng other cavni-
vores, :During June and July the number and 'weight ratios were low and
approximately equal. (Tsble 11, Flgure 7). An ineresse in the weight
ratios was ‘noted in- August and Siapteniber ag the result of a decided .

ineresse In the average welght of csrnivores and a slight decrease in .

the averege weight of herbivores (Table 12). The number ratios, however,

did nat;,bhangga noticeably from June to Ssp?bamhér,u An ﬁbrupt incresse in
the nurber. ratios and decrease in weight raties occurred between
Sapﬁembér- 18 and October 3 Pmbably s a result of the high irater on
September 26 and 27, . The high water removed a large proportion of the .
big ca.rniﬁoras{ ‘this interpretation was =auba?§antiat_ed by. the. fact that
the. werége welght. of the @arnif;éres- on September 18 was. 0,1299 ung,
while on October 3, it was only 0,0040 mgs During the same period the
average weight of primery consumers incressed from 0,0L08 to 0,0598 mg.
The high number ratioc on October 3 was due. to: the fach that 9046 per
cent of the primary consumers were lost between September 18 and October 3
as compared with 1.8 per cent of the earniveores,. '

Decrenses followed in both ratios until the end of: November, after
wiich tﬁey again inereased.. The weight raties continued to increasse
until Febrnary 18 while the mumber ratles decreased after December 19,
Since the. weigh’t., ratio was a function of both mumber and the average
weight of individuels, the increéase in this ratic from December 19 to
February 18 was. the result of_ an inerease in both numbers. and average
weight of ths‘cqn.r._nﬁorea and a decrebse in the average welght of the
;Srimary congumers, - although, numbers of primary consumers increaseds

The decrease in the number ratios from December 19 untdl April L was the
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Table 11, OCarnivere/Primary Consumer and Prinary COonsumerl/Herbs

and Detritus Ratios for Fach Sample Series.

Primary Gcnsumﬁﬁ%/

__ bste
pr, 23 & 25, 1956
Moy 10, 1956
Juize_ by 1956
Juns 25 & 26, 1956
July 23, 1956

hug, 22, 1956
 Sept 18, 1956
- Octa 3, 1956
| mﬁ_. 2y 1956
Nova 30 1956 |
Dec, 19, 1956
jan 2, 1957
| Feb, 28, 1957
tpr by 1957

0.6211
© 0,1826

02052
0T

.0.1272
0,0697

Liyeluding Filter feeders.

0, 0880

© 0,0L86

0.1721
0.3202

0.1k60

0,0715

ook
0,089
oanr
0,290
| :G.llaé

; __Herbs & Detritus

0400163
0,¢1533
0,00525
0.00345
0.00172
0400513
0,00968
040016k
© 0,00190
0,00340
0,00548
0.0015k
0,00281
p.éoafe

Sy i
Sy

—E_wﬁ—u
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Table 12* -‘Wﬂr&g@ Weights of Carnivores and Primery Consumers in I
N Bottom erples (valuea/SOG cm2) 1

Primer Gansmner B i ‘1

___Date T, ] R P — i
Mg 23 €25, 1956 W6 20,8 0096 1977 0L 0,051 o
May 1@,i§56 - ', 122 :38.3' 0,339 - 1000 2479 0.2h5h @1 E
yue L, 1956 & 102 01289 - 2h6h . Lu63  0.05%h |
Jue 25426 - 93 8.7 0099 10,15k 1085 0.003 o
July 23, 1956 160 9.0 - 0.0563 - 257h 168.0  0.079 Ad i
Mg 22, 1986 WS S50 0256 - skiz 32l 0.089% i
Sept. 18, 1956 1039 135.0 0,129 "‘10,329' | 1216 0,0408 I %
oot 3, 1956 65 85 00MO 9T 582 0.0598 i
Nov. 2, 1956 192 L9 0,02k2 2693 1663 0,008 i4 !

956 - | | 'y

Nov. 30, 1956 399 9.2 0023 3629 1937  0,0506 .
Dec. 19, 1956 6h2 130 0,022 3689 8,8  0.0593 'i

Jan, 21,1957 206 B 0008 - 169 L8 0,027 };
CFeb, 18, 1957 3§ AT 00579 5360  Tha 0,039
Apr. by 1957 | 583 'Mloh 0.0762 . 12,477  holsl 0,032

: . . . . : ‘ii
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result of the more rapid increase in numbers of amall, primary consumers, ) y 'n
implying & shorter reproductive cycle or a greater initisl netality for !
primary consumers. Theé decrease in the carnivore/primary consumer N

weight ratios from February 18 until April L compares with a similer

decrease in the spring snd early summer of 1956, While both numbers and

welghts a;‘- the carniveree increased, the more repld growth of the

primary consumer population reswited in & decreased weight ratio, ‘3 y

Qeneralizations may be made sbout seasonal changes in the carnivore/

prima.w consumer ratios as they would be expectad to change without the

afféet of events such as ihe high water of September 26\ end 27, The

annual low in weight and number ratios would be expected in June and a
gradual incfaaaa would ozeur until mexime were reached in late fall or i'g
eai-ly winter. Thereafter, & decrease in the petioa would oecour until
June. The results obtained from the Middle Ocones Hiver indicated the 1

late summer and £a1l welght ratios increased more rapidly and decreased

after the number ratios in the spring, In sn old field ecosystem, Cross i
: |

(1956) found that the number ratios incressed more rapidly than did the

weight ratios during the fall, The predominance of predators as ‘ ‘
indicated by both numbers and welght occurred in December.

A specifie predatoreprey relationship exisis between Cardiccladius

and Simulmm {Thienemann 1953 pp. 58). The data on these organisms are 1

presented in Table 13, Both number and weight ratios werer low during =55

the ap‘z;:l.ng, summar,\and fall, A marked increase occurred in these ‘\

ratios in December and the number ratio reached a high of 1,3636 Janvary - |
21 while the welght ratio was not at its maximum of 1 475k until |
|

February 18. This particular félationsh-ip -wa's in general agreement with
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the findings of Cross (1996).

The “rati'o of primary consumer (emlu_dinﬁ filter feeders) biomess to

‘herb and detritus biomess. The primary producer component of the ecow

system -in the Middle Cconee River wes considered to include all detritus
in the zemples, as well as the Padostamum, because of the indiseriminate
feeding havits of some of the primsry consumers. The filter feeders have
been excluded in calculation of the ratios (Table 11) since these orgene
1ems £iltered their food from flowing water, The varisbility of these
ratios was ‘the result of changes in both components of the ecosystem.

The high véi_ue of 0.01533 on May 10 was due to nine ;l-.@é& Goniobasis

:m the éamples. A gradusl increase in the ratios occurred from July 23
until September 18, The high water of September 26 and 27 caused a
noticeable demaﬁﬁ-in the ratio on October 3, indicating = greater pro=
portionsl ‘J.oés emong the primary consuwpers than in the producer
component,  With these ratios, as was the case wiﬁh- carnivore/primary
sonsumer ré-‘hio,a, the possibility of & maximum in the fell or esrly winter
ﬁ-n:" indio#iéd-. However, the low rstic of 0.0018L in January was -
éanaiderad' mrmul ginoe the primm conaumers were represented by very
small individuals, An incresse in the ratis occurred in the February

" sample as the reeult of a more rapid growth by the primery consumers

than by the primary producers, =

‘Oross (1956) reported herbivore/primary produser ratics from
0.00069 to 0.00079 in an old field ecomystem, He concluded that early
siccessionsl stages wera chaeracterized by low values, The ratios of
0.001538 to 0,015329 found in the present study indicated a later

successiongal stage for the community, The Middle Oconee River data
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indiceted Llow ratios oecurred in newly established community relationw
ships, such 'as those which followed hlgh water or when a populaﬁian. gf_
hatehling herbivores wag present. The ratics inecreased with time in )

gither cases.

Diﬁrn&l-o%an -curvesy Letimates of primary productivity based on
diurnal '02 .c'n.x'r_vas are qugstionable for two ressong, The diurnsl vari-
ation in dissolved oxygen was relatively small ¢n the four occasions
when sampleg were taksn'fTables 37whO, appendix)s The presence of a
turbulent flow over the rock outcmi:- vitiates this method of determining
the productivity of the primary producers on the rock itself. The most
'lc,:ugic—:al assumption to be made from these data was that if any primery
Prod_ﬁctivity did:ogeur within the waters of the Middle Oconee River, it
Wés very aligi:t.; The water varied in diesolved oxygen content from
about B0 per cent of seturatlorn {o saturation,

Productivity measurements. The annusl net productivity at all

trophic lgf&s-- ‘on the rock outcrop was estimated by the addition of
inorea-se_s mb:tomasa which cecurred between -gucceasive sanples, Hepgaw
tive changéé weﬁé the reault of death, emargencé,'ar logses due to
organié‘m _v;éshing x_downétremn; Positive chenges were from productivity
or from ar_'génisms‘ washing into the community. - The letter phenomenon has
been demon_s'ti'ated by Mifller (1953)s Losses downstream were sssumed to be
greater than additions i_’romlups'-tream zbecauae 63‘.‘ the high concentration
of organisms on t‘.;{e rock qut-erop as ac:mpared to the adjacent upsirean
area, The estimate made from the addition of positive changes in

biomass was thus considered a minimum value, drroys resulting in

mdininun estimates are likely to -occur for Podpia,‘tiamum becanse of gi'ow*eh
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and loss downstresm between successive sampling periods, A aimilar
error may oceur for any animal component which has a iifa cycle shorter
than the time ﬁétwaan any two successive sempling periods,

Agscording to Penfannd (1956), estimates of the Pfd&uotivity'nf
higher plants by the sum of the perdodic increases ﬁere rore agourate
‘than those obtainad by use of thé terminal standing crop methed, AB can
be seen from the data in Table 1l, the standing srop of Pedqat#mum varied
considerably on sampling detes, The first sample collected on April 23
and 25, 1956 was considered an arbitrery base level., Addition of &ll
positiﬁeuéhangea reauited in a net productivity of ﬁé,SlB.B me/ %00
e/ year (930,276 gm!m?/year); The productivity estimate for Fodostemum
included the_aufWunhm whlch was present,
| A seagonsl aﬁmmary of 41l orgsnisme found in esch trophic level is
presented in Téble i, sppendix, The productivity of primary con=
sumers has_bhén caleulated for each graup.acanraing to the type of
feeding habit (Table 15). The net pradnétivity faélall primary conw
sumers was 1U83.9 mg/500 am?fy@ar (29.678 gm/mgfyuar)t The productivie
tlee and standing crops of the primery consumers may he compared in
Tables 15 and 16, Aaréan be seen, the standing crops of the rasﬁectiva
eroups reflect the produstivity by the groups. The.pradominanaa of
herbivores in the ﬁay'lﬁ, 1956 samples was the result of the inclusion
of nine large Ganiﬁbasis;

. The total ﬁét productivity by carnivores was 215.9 mg/500 en®/yesr
(L.318 gn/mé/year) (Table 17)., There was a noticesble decline in the
net productivitj at the hipher trophic levels. This decresse was

expected since the organisme used some of the energy contained in




Table 1l Tha Produntivity-af Padestemum aaratophyllum in the Hiddla
, Oeonee River (m '

L7

Change

Bat& o : Wte cin Whe !
: : ' +1,346.5
' _ : -'9;'67?4-9
June ki, 1956 6,8L2.6 | o
. - +2h,783.1
June 25 & 26, 1956 31,752.0
- July 23, 1956 20,2695
L : «10,070.1
Aug, 22; 1956 10’1991.’-! :
» - +5,185.2
Sep‘h;.'rlﬁ, .1956 -15.t68)4¢-6 : : :
‘ Vi - “'hyéﬂ -)-I-
Octs 3, 1956 11,033.2 :
Nov. 2, 1956 15,394l o
' ' ' *23572u9
- Hov, 30, 1956 17,967¢3 :
__ . - wlihal
Docs 19, 1956 17,923.2 o
‘ - : *‘1355503
Jane 21, 1957 . 19,4785 _ , '
| IR o #1,10.7,7
Feb, 13, 1987 ' '20,39@.2 7 _ 7
) ' _"‘111991.6
Apre by 1957 25,867.8
Totel inecreases in blomass 416,513.8
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Tabie 15, Tha Productivity of the Primarg consumer Bomponents in the

‘Middle acanee River (mg/EQB e

Filt, Feed., Hen*bivore Bet. Fbad Ee‘h. Feed‘
o hange “Thange ﬁ\ange , hange
Date Wi, _in Wi, %f in W, Wi, in Wb, Wb, in Wt,
May 10,195 s e ane s
"‘12?07 . "‘255:8 *12.? - . '_"1-1-1
- 2 41672 +iha2 %65 20,3
June 25 & 25, 1956 311.8 58.0 1. - 43.2
o o -163,2 ~h9.2 +15,3 . - =)2,3
) +119.L . +7.8 22,6 . *35,2
TR Y- +37uh +50,1 . *1he 5
Sept. 18, 1956  262,8 54.0  5ha2 506
TR e -223.7 “42,0 Sk T wiBd
Oct. 3, 1956 39 ‘ 12,0 : L.8 2.3
' - ' ' 49642 " wZel . C 2.0 B *:!,2.-.!3
Nov, 2, 1956 135.3 R SN R T
- ' mk.ﬂ} o *’.};6’ "'LI-GD‘ S 423,11
Nove 30, 1956  131.0 TUAE 10,8 Mk
‘ : «13.5 +3.9 -5 42 +39.9
) _ ’ . ﬂlOLh? o ""3-116‘ "Oih oo “58&3
’ ' ' *10"3. ; ' ""15n3 ""'119‘9 ; +2¢5
‘ +3ﬂ815 . o "4"17Qh ) .. 'lillis "1.1.1
Apr, h,_.1957_ 322.. 395 - 28,6 - 104
Total imroases in hiomaae 822;3 393.0 1013 167.3
Per ean’t of tﬁtal pri:nary ' . _
consumer productivity 55.42 - 26,48 6,83 . . 11,27




Table 16, Seasonal and Averange Fer Cent Eampoaition by Weight of the
Qongumer Component in the Mﬁddlerﬁcnnea River

(el L

: Hea:-b. &-. ~
™1t, Feed, Harbivures Det. Feed, Det, Faed,

_Deve . .. - ZTToval We, FTOFAT W, ¥ Total Wt % Tot

Ly

W,

Apry 23 & 25, 1956 714}41 T 97 18,47 ‘3¢05

June Ly 1956 w36 T8 269 10,37

W ey 0, 1956 B | 800 - 568 252

June 25 & 26, 1986 T3.4T  13.67 2.9 10,18

July 23, 1956 80,32 b76 Lk3 0l

: kg, 22, 1956 ) a1 126  wa
] Sept. 18, 1956 62,33 12;31 12,86 ie.oo ’
Oct. 3, 1956 6708 . 20.62 8,25 3.95
Nov. 2, 1956 81,36 5,95 W9 B0

Nov, 30, 1956 B X IR 2T 558 19,31

Chvee - 6lsa28 17.7h 6,97 11,04

Qlﬂ ~ Dec, 19, 1956 © 53,70 8.l : 2.56‘_: 35433 |

Jan. 21,1957 29,22 1853 1LB7 U338
Pob. 18, 1957 Coasss e9uss 2286 2GTh
aoro by 1957 8043 9,85 7213 2.9

it u...._.v,...-,-m.-u--m——-.—m_.._-._..-..,-._ i .-._..—m.._._..._-.. ﬂw-wm—--r—mm fnvini i —




Teble 17, The Productivity of the Carmivor
_ Oconee River (mg/500 eni€)e

e Component in the Middle
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o N A SN

.j_ﬁate__ o

Change
__in Wk,

- May 10, 1956
June by 1956
June 25 & 26, 1956
iy 23, 1956
r_ huge 22, 1956
| | jﬁeptgllﬂ, 1956
- Oets 3y 1956
Nove 2, 1956
Hov, 30, 1956
 Dec, 19, 1956
Jsn 21, 1957 |
Feb, 18, i957
- hpry by 1957

Total jincreases in weight

55,9
135.0
.85
11,9 |

20,8

_ 42,9
12,8

37,0
9@0 '

9.2
13@3 '
8l

R
bk

+22,1
=301
+24.6

28

+i643

v
. -y126-5:
N
R

_ *3,8

. =6
41343

+22.7

,#gﬁré
215.9
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ingested food materials for respiration and part of it was lost 'Bhrough ' |

excretory products, Teal (195 7} fﬁu:_nd that Anatopynia gyari; a predg- \"

tory tﬁﬁdipedid larvae, was sble to assimilate cnly 30 per cent of its

prey, Losses included blood, flesh not ingested, and exerstory products, |

Effieieh(:ien of biomsss conversions The calotlation of eonversion

of biomaks from the primary producer level to the primery consumer level
wis complicated by the pfeaenca of organisma which were both herbivores

and detritus feeders. Furthermore, the detritus ult:unately cane from
within the stream {from Podostemum) and from the surrounding watersheﬁ
{alloghthonons detritus). Since 5l 7 per cent of the total plant |
detritus in the'mnmnit;r 'ariginaied within the siresm; that percentage ;u

of the productivity of detritus feeders was caleulated as having derived \ |

ita energy from Podostemum. It was also assumed that the organisme

i - f which were’ considered to be both herbivores and detritus feaders gained

hglf their _faad from Fmastm end the other half from detritus; | :

Sha79 per cent of this latter half originsted from Podostamum, The
conversion efficiency of primary consumers from the primary producer o
leve) was éi:;ual tor - 100 x ' ' I !

Herb, , (Det. Feed. ). " Rarb.&Det, (Herb.&Det,
Prod. * ( Prod, JO 5"79 * Feed. Prod, EFeed., Frod, 3 0,549

|

-
|
Fa&oatemum pmﬂuctivity — ' 5 !
1

An ei‘ficieney of 1..2699 per cent was celeuleted, It was not possible to

messure directly the mount. of water filtered by filter-feeding organe R

isms, Hawever, the net produgtivit.y of the filter faedera was

determined {Tabls 15). Assuming their food was derived from allochs o

thonous sources, As was 45,21 per cent of the detritus utilized by
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detritua feeders, it was paasib]_.e to determine that 61,05 per cent of
the net primery consumer productivity had its. ultimate origin outside of
the river. GCombining the net carnivore productivity of 215.9 mg with a
net primﬁry consuner productivity of 1483.9 mg an efficiency of gonw

version of 14455 per cent was obtaineds

b, raffia mf:iem ‘l‘raphm effieiencies may be aalm:latad for
the entjre. aommmty from inaolation and the galerie eontent af the
llving _ﬂmaterial-. The t@t_al radiant energy from Aprdl 1956 through Mareh
1957 was obtained from a Uy 8. Weather Bureau Station st 'Grifﬁn,
.Gaa-rgia, 70 miles southwest of Athané 3 radiant snargy at Athens vwas
ésﬁu_md to be almogt the seme as et Griffin, The energy content of the
ﬂr_ganis:rqs may be calculated in calories on the basis of their weight and

percentage composition in fat, carbolydrate, and protein. Birge and .

Juday (1922) analyzed some higher aquatic plants and aguatlc insects for

fa'b, caxbohydrate, and protein, Caloric values were ohbtained from
Zoothout and TFuttle (1952) as follows: garbohydrates 4100 cal/gm,
proteins 4100 cal/gm (phyﬂialog;i&:al valua)', end fats 9300 csl/gm, By
epplication of the calorie values to B:lrgé and Juday's anglyses, factors
for conversion of gn/m® loss on ignition (ash free dry welght) to cal/
et wa?ré cal#ulatedsfor Fodostemum KG:,_I;RB&)- and for aguatie insecte
{04887}y

- A totsl radiant energy uf- lEé;??h wh oal/em® was obtained from
April 1956 ﬁhrqugﬂ‘ March 1957. The productivity by Podostemum 'wasrs
35,065 gn cal/en?/yesr which yielded sn efficiensy of 0,2511 per cent.
The galoulation for the conversion af a.nérgy from the primary preducer

to the primery consumer level involved the same type of calcuiatian as
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that for the cqnver-siefa of biomngs between these twe levels, The net
emnergy gain by the herbivores was 5649 gn cal/om?/yesr which reswlted in

a trophic efficiency of l.434 per cent. The calevlation of the enerpy
conversion by the éarnivmres waé based on the aﬂ"biré» energy in the
primary consumer trophic level of 1450k gn cal/cm / yeary the efficiency
| in this _ins.tance was 14,55 per cent. | | |
A campa‘rigmn of the awf_aréga, biomass and productivity .a-t .@ach trophie
| level and the elrfieiehsia;a of conversion is given in Table 18: - The
d:i.fi‘eneﬁue between thé efficiency of conversion of blomass _arid f ﬁha-t 'pf
energy for herbivores was due to the lower caloric walue for ?@,dqstéhm
w’nieh rosulted in 2 Lhighar percentage of energy heing transferred frnm
Pcdo@emum to the herbivere level., Since the celoric velue of hembiimma
and predators was approximately the semsy no difference resulted between
the trmsi‘"arhf energy and blomass at this trophie levely |

Tha ratio of productivity to average Btandin? erep or tnrnowr

{Odum and Odun 1955) was cmlc‘ulawd for the vericus uompﬁnenw of the

: aormmmity; It. wasg :mbaresting to note Lhat herbivm‘as, with an sversge
. standing nmp of 3944 EW'SOO r.;ma ‘had a turnover of 9497 timea, The
| turnover valm mi‘ 9.1 for cemparabla herbivores in Silver Springs
reported by Odum (1957) is in very close agreement, Turnovers for the
ather gx-éupa of organisms ﬁré.-mm 5+T7 for the filter feeders to 7,01
for thé'earﬁiveras. The _Padaaﬁemﬁ turnover of 2,60 was quite similer
to that of 3,17 fa;hd by Odum (1957} for Bagi _'t'-bgria‘ Odum ‘(195‘:6bJ has
suggested thet turnover rate is a function of orgenism siﬁei Since
Podosﬁt;azﬁum was relatively large, - sompared with tﬁe other brganisms in the

communlty, & low turnover of this component was expecteds
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Produetivity gomparisons with other communitiss, A comparison of

two lotie Garmmni‘bias, Middle Oponee River and Silvsr Springs, with two
lentic omrmnml’oie:s, a Minnesota pond and Cedar Bog Lake {Table 19)
revesls that the net primary productivity of the flowing water was L to
17 vimee greater, While latitudinal diﬁarena&s are pressnt, these were
not considered “sig_nific&nt. The net productivity of the primary eoﬁ»«i
sumei-s in ‘:c’iiﬁlﬁ.ddle Oconge Hiver was of the same magni’bndﬁ as that of
both the standing water communitiess S83dver Springs had a px*bdnativity
+ten times as gm‘;at;-‘_ Qdum -(19573 was of the ap:in_ic:xf thi&; energy of flowe
iﬁg water nay héve.baén indirer:tly regpongible for a gi‘é#ter 'prﬁductivity
by and ei‘ficv.ency Qf the organisms. The organiams in a flowing water
comunity would m:’t. nacansarily have to expend energy to search for food,
however, & cartaln amount of energy would be required by stream dwelling
.érganisnw te maintain themsslves againat the purrent, -In Silver Springa,
whers a sonstant wa’cer flow was presemt, aguatic ingects would not be
sub,]ec‘bad to the dmging eﬁ‘ect of pariedia mgh, turbulent fiows aa

. they were.in the Hid.dle Oconee River, As was demonstrated by the deta
on standing' crops, . the reck»auﬁnmp amm‘uni*byr Jost a large pi'epartion of
its organisms dwrdng periods of high waber, The periodic logges of
primary ceﬁsumer Organisme may sceount for the low eﬁ‘iciancy gt this
trophic 1evé1. Gmrme'hit'inn for epace with filter feeding organisms
covld be partially r&;pmnsibl By put even if the trophle ai‘fmiency wag
besed on . the entire primary consunier camponen‘b, an ef.ficiﬁmey ef only
3-68 per cent rssulted¢ Eha low trophic ai’.ficlﬁ;my {14370 per cent)
‘of the herbivores and detritus feeders mush hﬁvéilbaﬂﬁ the result of o low

productivity, The effieiency at this trophic Level was -orly about
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snestenth that fownd dn the other aquatic communities {Table 19)
 Lindeman . (1942) preposed that the trophic efficiency should increase
at the higner trophic levels, Dineen (1953); as the resu1t of his study
of & fnnesote pond, reached a similer. conslugion, An increaned effiw
ciency at the higher trophic 1evels was also ohserved in the Middle
Geonee River, However, as Teal (1957) has peinted outb, unlegs there is
a 100 per cent officiency of utilizatien of net prinary production,
organiu metter will accumilate within & comuunity. &rganic matter in
the primary*producer level wovwld be decomposed by bauterla and fungi,
ap well as by other primary consumers. Odum (1957) and Tesl (1957) found
& decreased efficiency at the higher trophic levels, While the effech
of organisms other than the macroscoplec primary consumers was not con-
sidered in regerd to the rock outgrop community, it was obvious that
orgenic meterisl did not sccumulales The yrimary'raason for this was
the flow of weter which washed organic materiel downstream from the
community, The accwmilation of organie materisl in the bottom of the
standing water communities may accowtt for the difference in the trend
of trophic'éffici@ncies'as demﬁnsbratéd Ly the Gamparisan,df the resulis
of Lindeman (1942) and Dineen (1953) with those of Odum (19575 and,
Teal (1957)s |
- The study of the stending erop end preductivity of the Middle
Oconee River represents the first on a stream which was subject to wide
fluctuations in water'leﬁal. ' The major questione encountered were
coupled with changss in river &isgharge. Oly further studies in
cimilar commmities will revesl whether:s 1. minimum river dlscharges

are responsivle for low productivities in an entire stream commmityy
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a3 are the maximum discharges; 2. other stream communities are largely
dependent on allochthonous sources of primery productivitys 3. low net

primery conaumer preoductivity is characterigtic of ptream commnities,




SUMMARY

1, Thé ét:éam bottom commuﬁity-on a rock ﬁﬁtérop in the Middle Oconee
River was studied to determine: 1. the seagonal changes in the trophic
gtructure of the community; 2. the ammual net preductivity by the

trophlc éomponents of the commnnity§ 3, the source of organic detritus
in river water which was & food source for filter feeding orgenisms in

the community,

2. A "microtechnique" of stream botiom sampling was auéaeasfully
enployed, The technique consisted of 100 cmg sample quadrats sacﬁred
with a Surber type sampler which had a number: seven, silk, bolting
cloth catch net. Sorting wes done under the low power of a binhocular
microscope which permitted the recovery of many organisma too small to

be seen with the unalded eye.

3. Adequacy of sampling was verified with & species-srea analysis which
indicated four samples in a series would have bwen sufficient. Five

samples were normelly taken in each sample series.

. The coefficient of varistion for the totsl mmber of individusgls in
each sample in a series varied for each sample series and was similar to

that expected for field data of this type.

S5« The variation in the diversity indicos, which were calcuwlated fop

each sample and each sample series, was of the same magnitude as that

of the coefficlent of variation, No trends.were obgerved in the indices,
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but the variation indicuted that the indlices exhlbited & wide range in a
atresm community free from heavy organic pollution, ‘:B'a;ta from other:

ai:rnmmitieswere not availsble for comparisons

6, Lcaﬂ on ignitien ‘was usaci for &1l weights begause 1t eliminated a
potential somma m‘.‘ mer &tm to the imrganio mter:’ml in the puts ai’

arganiams._ ,

7« Diptera, including Simulium, Celopsectre, Gric;ato_pu& (’Spa;;iotnma) .

Palypedllum, Gorynoneura‘, and Gardlncladius, were the most abundant

organisms i‘ound in the commmmy. Five species of Hydracarina were

consistently present as were Beetidse and Stenonems among the

Ephemeroptera, Flecoptera in the community ihcluded Perlesta placida,

'I__sope'rla, Egmiepteryx naurs, and anmm.- Hydropsyche, Nematoda,

and Oligochasta were also usually present.

8, Univoltine life cycles were exhibited by Taenicpteryx maura, .

Brachypters, Isoperla, Perlaste placida, Qorydalus sormutus, and
Ephemerelld. None of the other orgsnisms present exhibited similar
life c}"ﬂlﬂﬂq

9« The three large predators presént, Pe:;-lesta placida, Isoperls, and

Corydalua ccrnu’bus, did not compete since 'bhey were prasm’r or exhibited

their graa’c.ast grow‘bh at different seasons of the year,..

10. The seasonal standing erop o:‘;‘ th;e plant companant of the communitys

Podostemunm cemtaphyllum, wes influe’ncad by the lmml of the water {low=

ing over the roczk. Low wataer 1eve1a caused axposure af the rock outcrap




with subseguent wilting and loss downstream-of the plant materiael.
- Moderate water levels supporbed @ luxuriant growth but high,turbulent
- flows on two occasions washed as wuch as one~third of the plant material

' downstream, .

E.llai-Autbchthonoha:datritus in%the.sam?IEﬂ‘reﬁﬁltad!fr°m the breakdown

y af Pedoatemnm'within the 0ommunit§s Ailochthenous detritua consisted of
_'leavea, tw1gs, oatkins, and seeds which fell or were washed into tha

-  oemmunlty from the watershed. Theae twn aamponsnts were prasant in

' about equal amounta in the bottom aamples.

1

‘12 The'particulate detritus: in river water was derived'primarily from
' allochthonous orgenic materisls, - The detritus was. of part;cular interest

-because of ite potential value as food for filter feeding organisms,.

13; A highef ah& hﬁr; fafi#bie quantity of ﬁértieulata detritus was

: present.inftha'river water under'sumﬁar,(HaywSeptember) conditions than
. under winter (Ociober~Apfi1) conditions, Summer thunderstorms with a
rapid runmuff, causing a rapid river rise, were considered largely

responsible for the increased variability.

"~ 1he The shifting sand bottom acted as a trap and reservoir for sticks,
- leaves, and other ofganic-debris._ A constant source of orgenie material
was eontribubed to the: rlver water as shifting sand comminuted these

pieces and the smallér-particles were suspended in the stream load.

15, ‘The diaadlved,organic material inrths:riwer water was normally two

to ten,times gréatér than the particulaterfraetion. However, samples




collected on a rising river contained more particulate than dissolved
organic materisl, which supported the idea of deposition in bottom
sediments and subsequent resuspension, In addition, the run-off of

precipitation ‘carried organie material with it.

16s Carnivore/primery consumer weight and number ratios had a seasonal
low in June, followed by a gradual increase in both until early fall,
The trend of inéreasiné ratios was disrupted by high water on September
26 and 27, after which the ratics decreased until the end of November,
Number ratios increassed in December amd weight ratios increased until
February, Both retios decressed after these winber maxima. ‘It appeared
that these ratios would iw.ve increased to late fall or early winter

' maxima and then decreased to the June low if the high water hed not.
ccourred, o

17, Cardiccledius/ S:Lmulimn welght aﬁd number ratios (2 specific

predat6r~pxjéy relationship) were low during the spring, summer, and
£a1l, The winter increase was é.hm-_actérized by a peak in the mmber
ratio prior to a pesk in the weight ratio. At each maximum ratio

Cardlocladius exceeded Simuliwn.

18, The primary consumer (excluding Filter feeders)/herbs and detritus
ratios werq variable but indicated the possibility of a fall or early
winter meximum and a-low ratio in Jaruary, |

19, The diurnal oxygen curve method of measuring primery productivity

~was used but changes in dissolved oxygen were so slight that its validity

" under the conditions on the Middle Oconee River was questioned, The




63

data indicated that primary'productiVIty in the river water wes quite
amall,

20. Praductivity at each trophio leval waa maasured by'the addition of
innreaaes in blamass between successive samples, Any errors in a method
of this type would result in minimpm productivities because of death,
amergenee,ar;losaqs.dcwnstream'béfwean.succqa&ive.sammling'périods. rThq
primary consumer trophic level was divided into filter feeders, herbe
ivores, detritus feeders, and herbivors and detritus feeders, This
separation was necegsary to determine more acourafely'the trophie

relationships at the primary consumer level,

2L, Tne net amusl productivity of primary producers wss 930,276 gn/m2,
of primery consumers 29,678 gn/m2, and of carniveres L.318 gn/m®,

22, The efficiency of energy transfer to the primery producer level
based on an annual ingolation of 156,92l gn cal/cmé was 0,2511 per cent,
herbivores had a trophie efficiency of l.hBh per cent and carnivores had
a ﬁrdphic efficiency of 14,55 per cent.. It has been suggested that
losses of organisms.dowﬁstraam during pariéds §f high water accounted

for the low efficiency at the primary consumer level.

23, The annusl turnover of Podostamum was 246 times per year, the
herbivore turnQVGr was 9.97 tlmea and the other turnovera were from 5,77

times for filter feedera to 7.01 times for earnivores.

Zh . On the h351s of the conﬂlusian that food of filter feeders and part

of that of detritus feeders ultimately came from outside the rivar,




&ly

it was estimeted that 61.05 per cent of the net anhual productivity by

primary consumers came from sllochthonous sources.




© . LITERATURE CITED. -

Allen, K. R, 1951, The Horokiwi stream, a study of a trout populatlon,
: New Zealand Mar. Dept. Fish, Bull, 19:1@238;_

APHA, AWM snd FSTHA, 1955, Standard methods for the examination of
gater,:sQWage;‘and irdustrisl wastes, 10th ed, APHA, Inc, Yew York,.
522 ppe - : .

Berner, L. l?SQ@ The may iliea'cf Florida, Univ, of Elérida Studies,
© Biol, Sel. Ser, L{L):XII+267 pp. | | )

Birge, B« 4, and €. Judey, 1922, The inland likes of Wistonsin, the
plankton, Part I Tts quantity and chemileal composition, Bully

Wiac, GeOlg Nat; Higt, SIJI‘\". 6‘.&31“222- .

 ,193%. Particulate and dissclved organie matter in inland lakes.
Ecol, Monogre hshbO=LTh.

‘ Burks,_ﬁa'ﬁ; 1953, The mayflies, or Ephemeroptera of Tlirois, Bull,
' D.la Hatj Higt, Surv, 2611-216; .

Cain, S. A« 1930, The species area curve, hmer, Mid, Nat, 1931573-581,

Cross, Wy He 1956, The Arthropod component of old field ecosystems:
‘herb stratum population with epeciel emphasis on the Orthoptera.
Ph, B, Thesiz, Univ. of Georgla Library, 127 pps

Dineen, C. F, 1953, An scologioal stﬁdy of & Minmesota pond. Amer,
Mid, Nat. 501 3&9*37&;

Yorbes, 5. A, 1887. The leke aa a mie?dcosm, Bull. Sci, Asaoc,
Peoria; Reprinted in Bull, Ill. Bat. Hist, Surv, 151537-550 (1925),

_ Frison, Ts H, 1935, 'Thé-sfoneflies, or Plecopters of Illinois. Bull.
‘ 111 n H&t » Hiato 3131'? Y Qﬂ tlv+281"h?1 .

. 19h2, $tudies of North American Flecoptera, ibid. 22:1235~355.

Ide, Py P. 1540, Quantitative determination of the insect fauna of
' rapid water, _Hniv. of Toronto, Biol. -S_aries-.- _h‘?‘i-l*_iﬂﬂ.'

Jobennsen, O, A. 1937a, Aquatic Dipters, Part III, Chironomidaet
Subfamilies Tanypodinge, Diamesinee, and Orthocladiinae, Cornell




66

,___e--1937b- Agiatio Diptera, Part IV, Chironomideet Subfamily
Chironominae. 4bids 21011-56,

Jenasaon, P, M, 1955, The effiaiency of aieving teehniques for sample
ing freshwater bottom fauns. Olkos 61183-207,

Juday, C, 1940. The annusl energy budget efhén-inlénd lake, Ecol.
211438-450, ' :

1942, The summer standing erap of plants and enimsls in four .
"‘""wisaonsin 1a1ces. Frane, Wisc., Acad. Sei, Arts Let, 3h:193-.135.

Kofaiﬂ,‘ailﬁt 1993§ The Pl&nktﬂn of th@ Illinmiﬂ RiVGr 189&'1899’ Wlth
introductory notes, Bull, Il1l, State Lab, ¥at, Hist. 6195629,

Leopold, L. B. and T, Mhddack, Jr. 1953, The hydraulic geometry of
stream channels and some physiographic implications, U, 8, Dept.
~of Int., Geol. Surv. Prof, Pap. 252¢VI+ST pp,

Lindemen, R, Ls 194l. Seasonsl food-cycle dynamics in a senescent
1ﬂkeo Amar- Mld: Hatp 263636-6?3¢

. l?hz.‘ The trephic-dynamic aspect of ecoiagy; Ecol.'233399~h18.

Mﬁller, Ke 1953* lnveatigationu on the organie drift in north Swedish
streams, Inst. of Fresh~Water Reg., Drottningholm 351133148,

Odum, E. P, 1953, Fundamentals of ecology. VII+384 pp, Saunders,
Fhiladelphia, '

Odum, H, T, and E, P, Odum. 1955. Trophie structure and productivity
of & windward coral reaf uommun¢tv on Enlwetok Atoll. ¥eol, Monogr.
25:291*329¢

Odum, He To 1956a. Primary productmn in flowing waters. Limnol. and
- Oceanogr, 11102-117,

.+ 1956b, Efficiencies, size of organisms end commmnity aﬁructure,
Enola 37:592—5974

. 195?; Trophic atructure and productivity of Silver Springs,
'ilaridﬂa Eﬂdlhﬂbﬂﬂgri 2(!55*112;

Patriak, R. 19&9. A propoaad biological measure of 5*“eam conditions,

based on a survey of the Conestoga Easin, Lancester County,
‘Pennsylvanis, Proc, Acad. Nat, Sci. Philadelphia, 101s277-3l1,

Penfound, W, T, 1956. Primary production of vaseular aquatic planis.
Limmnl, and Qceanogr, 1192=101.




67

Pennak, R, W, 1953. Fresh-water invertebrates of the Unitad Statss.
IX+769 pp« Ronald Press Co, New Ybrk.

' Richardson, R, E, 1928, The bottom fauna of the Middle Illinois Miver,
1913-1925; Bull, T11, Nat, Hist. Surv,.17a387—h?5,_. :

Ross, H, H, 19LL, The ceddis flies, or Trichopters, of Tllinois.
: Bu.lli Illu Nat, Hiﬂtn $UI"‘1"; 23!1!'32 ¥

3cott, D, G. 195k, ine Gold, D, Ds, D, 0. Scott, A, Hirsh, C. Cy
Ruchhoft, and 1, R, Setter. Interim report on ‘the Savannah River
atudies, July 1951-July 1952, VU, S, Dept, Health, Educ., and
Welfare, Publiec Hemlth Service, Hoberta A, Taft Sanitary
. Enginsering Center, Cincinnati, Ohio, 257 pps

Simpban, E. H. 1949s Measurement of diversity, Nature 163:688,

Starrett, W. C. 1950, Food relationéhipa of the ninnows of the
Des Moines River, Iawa. Beol, 31:216-233,

Tansley, A. G, 1935, The use and abuse of vegetational coucepts and
terms, Eeol., 16:284~307. '

‘ Tegl, J; M. 1957; Commmity metaboliam in & temperate cold spring.
Ecol. Monogr. July (in press).

Thienemann, A. 1954, Die Blnnengewﬁbser, Band. XX, Chironomus.
IvIi+B83i4 pp. Stuttgart. .

U, 5. Depte of Commerce, 1954, United States Census of Agriculture.
Vol. 1 pts 17, U, 8. Govt, Print. Office, Washs, De Cs

. %3561) Weather Bureau, Climatologics) date, national summary,
— 213), h _ Atk , -

.« 1957, ibid, B3(1-3),

. U« B, Depts of Interior. 1951, Surface water supply of the United

- States 1951, Part 2-B, South Atlantic slope and sastern Gulf of
Mexico Basins, Ogeechee River to Fearl River. U. S. Govt. Print.
folce, Wash,, D, C,

 Usinger, Hy L. 1956, (Bditor) Aquatic insects of California,
© VILI*508 pp. Univ, of Calif, Press, Berkley,

Walshe, B. M, 1951. The feeding habits of certain Chirornomid larvae
(Subfamily Tendipedinae). Proe. Zool. Soec, Lond, 121:63-79.

Wesenberg~Lund, €. 1943, Biologie der Stsswasserinsekten, VILI+
682 pp., Berlin, ' '




68

Woodruff, J¢ Fs and E, J, Parizek. 1956 Influence of underlying rock
structures on stream courses and velley profiles in the Georgia
Pieduont, Annals Assoc, Amer. Geogr. L61129-139. :

Wa, Y. Fo 1930, A contribution to the blclogy of Similium (Diptera).
Pap; Mieh, Acad. ,Sei" 1.3‘51[3"5999

Zoethout, W, D, and W. We Tuttle, 1952, Textbook of physiolegy. 1lth
ed, 692 pps Mosby. St, Louis, _







eIy

; 782
qT9 662
o i 72
&5 L9€
€90 OfH
2kg . 199
gL 2801
golf  €50%
26c g9
ing 1€z
682 612
612 68T
£2 . 961
262 LoZ
élz 9322
i< A A A
TR
692 1ie
g 68T
o2 wﬁ

68T
%ﬂ

z22

fpuag oS Ye IoATH Seuco0 STOPTH Wt FO (

€€t

sz

, g0¢ gL i

LTt 88 T 9% 95 99T Of
JzT ML 29T et 98€ B9 ITT &2
geT £8 69T of 2 069 AT B2
g6T 6 29T OSE T oz 981 L2
ooz 26 2T ElE TE W6 &T 92
gitg OLL ZlT 266 99 69 6TE T4
26z €9 69T 6T 6T ee 96T 2
96T €€T 9LT e 2AN gee o081 €2
6Tz 6T &t S 2Is 66 <o
9oT €91 96T SES T 6L5 00T T2
nog LIt 002 W89 oL, 6T 69T Q2
g5z lz1 0Dz 996 OMT S50E EET 61
ol 99T 96T OO opss O Lot B8R
000T €91 Tz 0961 otigy oot MOT LI
925 BT NO2 o006t o09le &2 0 L0 91
‘zgT Tz ge L& s Wee  LIL ST
goz €51 %92 §©9 e ot 20T ML
g6z OST . S92 000T 0% gsg . HIT £T
gq  g€T W6z OOTL 0% 2 2T ¢
Sm.m lg oef of9 S e 0T L
¥ of 6oz L6 et 0L

e gzf gz 609 OIL 6

: o 0521 oIl 8
g1 oL ot L

e o0T L 9

€IE 98t WIL S

zen o 2eEs ML %

095 &9 U £

gz T2 OIL 2

g @it MIT T

TXeW 494 -usp AeQ

SLISET Y J%..@mﬁ ‘mef}
_vwmv a3IeGOSTd

KrTeg edeazay

f0g STHEL




@ oor0 o2

9*0 T : T {¥) wmTIDNILS
SHett og™He 29 T2q £oT - €5 GET  £4 &€ S28%0 d emT g
9€T0 . 08°8 T M ) i gz L T supys Tednd se0 ogoTdwod WRMTTIMILS
o6tc . OfftéE g*] LET of 2e £6 fe 2T sutys Tednd 4se0 TETLLed WMTINWTS
oE*E . oaEl g*9T ST 89 LT 09 Qs oz {2} puwop umTTIUTg
RET oYL 49 i£ ot €T S £ {d) snTIANTS
760 062°T 2*0 9 _ T i T SUDNE TRAIET 3580 UMTTONTE
9*2T -09*%iE H*ge  CIET &€ fge 2 mE 59 : (1) wopTRmLg
o' 09°0 . g0 T T 2 T {1} s=pTRLE
210 - 0Z*0 5*0 T ‘ T (V) oep™IE
ZT*0 . 09%C - g*0- £ T T T ' (2) vetiexdy
%% | oT'L £°0 L 2 T £ 1 {1} sudisdoxpiy
%0'0  of%0 £ 2 T T : - () Baegdmey
9z*2 . 0t €*TT 61 £ rd g g T {1} eproetd Bysa1IR4
. jT'0 020 %0 1 1 (%) maeqdigoerg
LBI oET 90 9 w  £T A oL T {§) samew xlssdoTasel
20°0 - ote T o 2 r (i) emeuouayg
810  02°S 60 9% & 9 L E§ {n) eepriveg
92*0 - 0092 €T OT 92 ot of ™ £  eeprrRowjyacdiy
g92%v - 020 €1 T T : _ ETUSUmaN
gt*0 . 08°1 &'c I3 T 1 ] T T sndeday
20 0271 9*0 9 T € Z : - oTPISPTIYENY
gz*o0 . 09%0 - 0°T 1 T T BT3IIGST
e o9te o €17 T It it _ - woyoasdy
g0 owam &1 @ 62 2 2T z 8 gaces 333 wUTIROBIPAN
79*c - 09*2 F g 8 Tt 8 9 s23a w}2vUoclTID
gtz o9le T gOT. 2 2 €9 & 7 BjeeusolIIn
et - 00e S*0 ot FA 2 T EpoOTEHeN
ToTIToT hﬂﬂgm ROTA T h@%ﬁm , oXe],
_uo_ssoq . _uo ssog @mmﬁ 42 ¥ £2 Tra0%
Nﬁ_ Sﬁ\.i - PIBIOL Pe3oeTio) Serdies

ga.\m_mﬁa_oaww mm.ﬁﬁwm uojj0g UL wﬁnﬁﬁmwam .wa {UOTITUAT uo seorf wwa mmmﬁo.nm puR SIsqumy Y2 ST9eL




\

ot 02T
goto. 02
IO 020
9T 020
oo OO
RI0 02
20 0219

2t oe*lL
900 020
e 08'%
T o1

92°0  09"6T

o oo%eT
gi'e- ©09%L-
gato- oo
80'e 8o
o1*0 - 00
' 08%9

g%
770
L*G-
L0
&
1*e-
&G

at

S ﬂsﬂ
.Ag;

50
10

5D GO P2 Ty
i

,H Nﬂﬁ“m QWﬁ
(]

0
L Nﬁm ﬁﬁﬁhw

£ £1

{

=4 O

0 ¥
i

(1) § *ds (smoporueds) sndoreatam

STTOUR STSEQOTUOCH
(1) eEpTiiMoyuy
(2) = oToua

~ {1) evpRTH

{1} wnrpeditog

{1) umgataucd wnmTrpeditog
(1) exmoesdoTe)

saged BnoesdoTEn

(g) (emeporTuadg) sndojootan

aﬂﬁm%ngﬁﬂﬁnuggﬁﬁﬁ
{1} 2 *de (=ewioTusdg) SndolodTLD
{7) T ~ds {ewojoruedg) sndojodTX)
{1) emeucuiyoy

{T) EIneUEluag

. {v) seprpadipus]

{g) @eprpedipusg

(1) swprpsdTpus}

R v T

_uc SsoF

g 5807 -

- BTEL

.Wm AR
956T 5¢ B £2 THIdY
Pe30RTIo) SeTAuEg

;&i#ﬁ'dﬂ Mmoo

=

g 0L/ A

_gﬁgﬂﬁayﬁhﬁg



m 2070 00T 0 L q (1} SuTPeTOOTRIED

120 0s*NL T g9 2 oY 0T (1) emeuoufany
ot'0 o8~ T 7*0 9 T 7 T () eamsuEiuUa]
AT 0 et Ao o1 [ 5 B I (1) seprpedipusyg
gE*oc - 0o 2*1 14 ZT L soseo Tednd wmTTWES
g2 - 08"9 . §"0 92 T 1 £2 T supxe Tednd 3s80 TeTased EMTIONTG
20 | 05°0 €1 2 T T _ {&) wnTimmTg
ok Y A 4 7L EeE 4 £ otz 66 (1) wATpmILg

. S0 G2*0 2o I . 1 {¥) SROTETE
2o sg%0 T I T {7} eoTieady
550 Se*T At A o £ 2T 1 1 ) euaksdoaply
220 82°0 6%0 T | S T (1) sIegdrwsy
2erg  Sl*6 6"2€ 6€ £ 13 i T {x) eproed myserIeq
¢ o Ak 270 g z. 2 T {x) eanew xLrydopuest
gs*0 - 00"9 22 e 7 61 T ma TURUDUSLY
oo 05*2T 9" 0% ST £z 0T 2 - (8} sepmieed
T ST l*a g T £ T : | {R) sToee)
oT"o 05%0 L e 2 1 T {N) sopoUILIoOTIL
so*e - ooty g*0 9t A £ 0T 1 FEPTTUOYIUD0CAY
010 00"t T*0 f T Z 1 sndsIeR
5070 0570 %0 4 2. aBPTOPTIORILY
g0 &0 g*D I 1 | TLI8qeTL
2070 05*0 £%0 - T T IR . wonsradg
2T SETL S0 sy s £Y g .ol S sesep §8s euTIeoBIpLy
ZT70 82T it s . T o sdfe v3eeyoo3TT0
ST 05 0N 9'e 29T 2 m 28 z _ . . eqeeypddTiD

- i SE*T 0 L : € 2 S : _ , S BpOJEUDY
Lo*o seto £ T T g : . ‘ ersedng

GOTITMBT | IBQENR  UOTITUSI JequnN  £E gt T 0 e

0 8807 0 9507 o 0S8T 0T AFW
NE QOT/*AY - 51eor Bﬁmﬁou mm.n%mm

Ye(sum noT) setdieg mojjog Ul susTmEdIg Jo {uoTyTUST uc S8oT Suw) SSEWOTd mﬁw BIoQEME *2Z 9TABL




i

fl

90¢
91l
Tt
0*1
8T
Lz
£°0
£ -
970
€9
2o
50

'T

o1
14
£

gt

- ot

2103754 9R

w

]
LT

9
i
zT

oz
&1
.
iz

4R8N

e —————

ETIOUS STSVROTUON

- STSBQOTUOD

(1) o=pPIeTRY

(3} wmyrpeditod

(1) wnmrrpeditod

{1) tm3orauco wnyrpediTog

{"1) xeTies wnTrpeditod

{4) sryoesdoTey

{1) BII0edoTED

69583 BayoasdoTen

{d) (emojorumdg) sndojoatg

{1} 1 “ds (ewogorumdg) sndolodTXy
{1) 2 *ds (swojousdg) sSudeledTay

(1) T T (swogorueds) sndoqootay

ROTTIUET | JBEY | OTRLDL  SoqnH
Ho 8807 -

. STEOL

|

!

3

9%ET Ot Aun
pagoetiop soTdusg

exXer

el AT gt

*poRUTIUC) “Zg OTIEL

g .




5

PEROSTTOD mem%mm

A m..-ﬁ T {(7) zmauRquad
IT'o 50 L A 4 {7) sevroedipusy
1z 0 T T T {¥) WOpInwTg
29°2 %01 99 £l ™ seogeo Tednd mATTRETS
bt 'L £ £ i suTys Tedrd 3Se0 2%0TdUCd WATTMITY
s -as f2adt] T 6 I3 surys Tednd 35ed Terjsed wmTTOMLG
PR 2 iz L g T o - {d) peep unTTWIg

0L*9 gv9e 81 29 iz _ () wopTTg
510 g*0 Z i SUTHS TRAIRT 1§80 UNTTWTS
eg:gt 87 9T 99T g5t ‘ {1} woTinErg
iz*o T : AN T A _ {'1) =rieccydsg
2z 0 6°0 k T : _ _ {d) eopfeady
sH*0 0 : I td) euyoksdoaply
{45°1 a*e 2s LT _ {1) syafsdospiy
Fs Sl § £*g F4 : Ew BpToRTd B1EeTIa]
51 %0 2 i £ F _, {{) eweucEslg
2" ™4 ™ 15 e 52 - {N} sepryeRg
oote o*g 9 ] 2T s Ev w%%ﬁm
100 S S T . Z 2 - {¥) =TUS®Y
Lz%o o X xs Iz ot L (¥) opouRLIcoTIy
510 g%0 a1 £1 2 L ﬁﬁﬂmoﬁ%&nm
0z%o g0 2 £ % g

L0%0 £*0 : T 1 1 %H%Hu@bﬁ
LT*0 1*0 2 T 1 . . RT3IRGeT
oT*n 10 T 2 T £ , - uoroIeds
mﬂ&a 9*0 z s55e0 $8a euraedvapiy
oz*o g2*0 2 ot G =14 v ;. eleEyO6ITID
10*0 £*0 8 F T ’ EPOYeusy

uﬁﬂ%w UOTATUST  doquy L€ % TE Txey,
Do BSDT uo sgo . :
R STEL0]

i




4 ade:

Qo1 S0 i
LT9 520 LM T T
P/ G2*LY T 69 é 11 zz U7
2070 cito 0 € 1 T T
AN 0g*s L*T 2z : . z 0z 1) gﬁﬂﬁwmnhmom
T 52%0 gelx o*T 59 0T 9t €T of (1) wmyopanod EniTpeditog
OT*0 42%0 - Yo T T (1) X\ITEY unirpedi1og
L1%0 05°1 L% 9 z T T 2 {(d) =ayoeedoren
050 008t 072 251 8s ge 8T 81 {1} exiossdalE)
LT 00*'91T g o gt 59 69 - T goseo eayoesdoTey
320 . 00% 60 2T f T z2 s {a} § *d= (=wororumedg) sadojooTan
o2"0 0S*E g*0 1T 9 ‘ b 9 (d) {zwetoruedg) sndogooTdy
ZE0 8L*TT T AL 4 TL it L (1) 7 *ds (ewogomredg) endogooran
SE°0 058 o°x 43 jj ¢4 o1 | {1} m *de {emoqotuedg) SndolOITIH
2T S22 S0 é € g z 2 {7) ¢ ~ds (ewosoruedg) sudojodtan
Zg*0 os*in £ 06T ol ) 119 92 {T} ﬁ *ds hmaapmﬂgmamu sudoyooTay
LT°0 o0t fate 1 I Z T ﬁgv SOTPETOOTRIR]
st0 04% 9%0. Z _ T T (4) vameuculrey
otT*0 oc"s 0 g2 s ZT l L G gﬁn&
UOTFTUZY. h@gmwa mowuﬁmWH JePmE Lg 9t St e BXBL
10 B80T UG SLOT : 9CET 3 suny _ ,
N&u 00T, \J& S1B10) paosTIon saTdreg

SponuTIIOy  *EZ PTYRE




£t LT T 2
859 85°9T  Li°zg 65T
E0"0 g0t £ T
g0 L2t [ ST
9t'o 00*1 £ gh
%0 £gNT Men gLt
£n*o oo 1S gg2
§0"0  go°t 0°T £
ET*0  E§°E 9°T 9
£0°T  BS"TOT 92t 62T
227l L9IEz  o'9  Qost
9T1°0  E£°T 6°T 9T
2 o 'zt 62 ofT
£9°0  go'9f g7l £EN
gé%o £E°09 8Tt el
BT0  iT'OD E F4
96*0 N ST 153
g0t ge*2 6%0 €
90'0 520 L0 £
ot1'0 Eg°0 2'T 0T
2T'0 an'o nT I
g20"0  O5°T 2% 9t
£2'0  26'9T gz €02
i5%0 g2 g'e e
ZE'ET  00°0EZ  D'L9T 0942
9°T 00" 0"0Z  elé
T €66 1"z @ETL
90T  gS*ET  L°2T  E9T
M2 Ege9zT  L°lSz  eest
ofi*o L0'le B4 frze
qff*9e  €E*oftz  NULTE  ngse
00 'l 21 ET
20 26t o' £z
BO'0  go'o o't T
i6°0 po'o g*0 1
L0°0  g0°0 §°0 T
20 goo 20 1
oT'0 260 T T
™0 52°0 10 £
ontg 261 g°on £e
§I°6  SL'TN  T°OTT 10§
oo os'o 30 9
€27 T los  ze
gc’ez ' sg'0 0°se  f
26T 05721 2°8T ayrd
LRl £E"S "85 79
50°T  £8°0 9°2T ol
oo E€*0 50 fi
9T'tT 43¢ 2°nT 6Lt
or"o (231 2'1 e
e it T's 2T
g1*0 L€ T 9E
ot'o  Si'¢ z"t §
gg'a lIgT € g
goce  alcf o't a
o £t "o 22
910 52*0 T £
net SETHTL 6T TET
20 setl 't g
TUST4 Ul gsquny woTSTUIT JAquny
ua 8807 ud Sfa
wd BF ooT/*av T80

oY)

@ [}
A —

™ o D\KI'N

L2

Lot | [P Y

R

et
882

iz
A
61

g __

-

T T F
fi ] f
1T 95
LT oz 1
[
n L s
£5 €91 16
ST Eog een €92
£ £
L 91 8
02 ™ 9%
w© zL g8
1A <T it
7 £
£
T
T T
B8 9T ST
1 i £
09T 2T 692
£ £5 ozt
e 60t 921

ot T ET
6T gt (14

™t L2T 66T 2ET

1

T £ T
T

5 €
J:F4 ol 5€
2

T
ns 13 jrd
1 H &
T £
1
5T 12 i
T ot L
g ot LT
4 £

T

19 a1 ET
2 2 [}
N 3
gL QLE LT
n § 9
91

aunp
Pe)re1T0n satdueg

‘OCA::'CD

=™ @
=t
(=]

-
o™

o =

gdmwr’\—:l Ao He
=

o W@
H o

—

o~ o A
eoq oy 3

a

f

96
2

@ ;g wmo_on
9S6T "5z ammp

PRIRTTOD SeTdieg

UOTITLLIT UG 80T WEH

*ds ETEETIOL

*ds ETERqOTUGD

{py) *d= =TwsIpoIEuRH

{d) -de eTwopcasusy

{1) -ds eTwoIpoISuUEH

(1) *ds ungppeditod

1) umzaTauos umrpadiTed
(T) ¥eTrey unTrpeditod

{g) *ds emosedeTes

(1) "ds mryoasdoTen

gasea *ds eapossdere)

*ds (EwoqoTuwds) sndolooTdy
*ds (sworotuedg) smdogootay
rde (ePwojoruedy) endeqootay
deg (gwoqotueds) sndojooTan
(d) =de engpEPOTRIR)

(1) "d& sNIPTROTRI¥D

(T) *de mmaucuizon

(1) °de snpeTdold

(1) *ds =meusquey

(Py) emprpadrpua]

{d) =epTpedrras]

(1) seprpadpuag

(pvY) -de myrorgg

evEed Tednd *de wngnarpg

supyE Tednd 36e% egerducs *ds umTTIATS
supie {ednd 9690 Tefqaed -de wmpTnaTg

{d) peep *ds wmyTOOTY
(d) ds wnymgg

UTHe Teaset 1580 ‘de enyromTg

(T) *de wnyromTg
(1) ewPATH

GRLTOTTINNY

*de ET)QeT

*de uegIIedg

asawn 339 suTaEORIDAR
TRty

s88e wewgaadtTn
Mg

SPOYRN

wreL

*(wo be gpT) eeTdreg wogiog OT SWETWRILY J0 [SEWICT PR SIoqEmy T amueg




78

810
8070
80"0
HE*O
96T
Z2t0
a10

i g2%0 .

S
gTo

B2y

Tot0e
010
0T*0
§2°0

i
9670
2T
gT'0
207G
90"

oot
20
qi*o

O EetT
- ol*z

A
z2*o

oty

0270

A

il 4

ok A

Rt
00°s
l.m :

| 09°€€

00%9
o7 TR

O T0E

80T

_38

02°5
021

oz

03°0
001

- 0g%0

33

.mj;

0o m.ﬂ
% *0T
oh*6s

T O0%0T
- ore

6°0
T
10
LT
£*6
%
570
T
i*ee
6*0
1
20T
<0 o B
v
7%
T'e

. Eo

. .,@n
- “Mm‘a
T
€0
%0
9%
9°0
B A

8
162
05

er

'ﬂmﬂm“ﬁ mﬂmﬁhmgﬂmgﬁm@wﬁmgwmﬂd

MO0t e e

pRAF™eRHAA 0

® - Qword AR
pn
gATANS 3 ¢ 3
o

o %Qﬁﬁﬂﬂmaﬁ o~

|
-

(1) emaucullio)
ﬁuggﬁﬁﬂ

{1} eeprpadipusy

{V¥}) wnTparg

saseo Tednd emITowig

surye Tednd 9580 ©39TdNOZ UMTTOUTG
sutye Tednd 9s€0 TETIaBd UnTHCES
: (d) pESp ENTTRWTY
(d) wnTTRNTS

SUTHS TRAIFY 982 UNTTRUTG
S}88TQO3STY NXep {T) WnETMEg
{7) enTTONTg

{71} eepTUTR

{v) eepruly

mﬂﬂﬁ?gﬁﬁ

{1} sngmLIed: snTepixos
Euﬁﬁﬁﬁﬁ

{%) aspriesg
eBpPTTUOT3LOodAs

_ sndefay
JePPPIIORITY

_ BTISG8T

- usyodedg

spgeo 50 BUTIBROBIPAH
mﬁaﬁgﬁﬁﬂu

QEﬁ%H
,;aogﬂ

ﬁﬁg

:.fgmﬁﬁ.

£
R\

t%

wﬁ @QQ«

. STe10L

GSET ftz Linp
uﬁ,um.ﬁou soTduEg

nﬁwsc 00T} SoTdueg wo3zog UT SweTuESZo {UOTITUSY uo ssof 3m) mmmaaﬁm,ﬁam‘nhwaEﬁm” *¢z STqRL




792

g0 020 90
og°o  09%0 0'T
zz*o oo . Tt
oo o't "0
900 02°0 €0
g0*0 0971 70
90 02T 44 3
960 00°9 9%t
cTc 08°0 2°0
20 02°T - g6
grlo  09°St 0
e T 0979 g°9
0T oo 90
oT"0 0972 g0
ero 02'e 9*0
92%0  02°TL €1
ggto  oN*8 vt
oI’ 0T g*g
¢T*0 ge*o 9*0

1 ‘ C. - ETESTasg

STTRUS STSRQOUTUON

T {*I) ETwoIpoIasey
(1) sedrpusioyditp

{a) wmirpeditog

{7y unTrpeditod

(1) unsotaucd mTrPedLog

{7) ¥etTTey unfrpediTog

- {d) wxyoesdars)

(1) =mossdeTap

sased BIpoasdoTey

(d) (ewogotuedg) srdoyooTa)

(1) 1 *ds (ewojoruedg) sndojodtay
{1) £ *ds {emojroruedg) sadoyooTan
{I) g *ds (ewogoruedy) Sndo}OOTID
i1 (1) T *ds (ewororuedg) sndojooTan

T ) {'fy SNTPeTOOTPIRY
T _ (d) eamenoulIoc)
UOT4TUIL Joquny  UOTRTUSL Jequmyy L5 96 95 S
. uo SSOT  _ma gso _ 956T ‘€2 ATar

25 00T/ AV -ETEL0Y pejoeTop seTdueg

Sr—m—— i
s ——

e

o N Nrr:l'm-:l‘ DA |

Als)
SLRL LY

g

o~

[
-ﬂ‘r-l r
q D D UL pd B0 Oy 1=l (o B LA DN § o4
H_HHU\'LI'\H{ -I.%HH LT el | ¢

~
 @ﬂNm g Mg

ot el 0N

ANER N RROFRED o

—exe],

a

rp——

- —————

|

epenuriuoy 57 STABL




. 8 21*s  0g*est 9*sz 6L g2t S0z 9T € é8 sageo Tednd WNTTWTS
060 0925 [ €92 0T €6 off 9z suTys Tednd 3seo 2qeTdmOd WMTTNNTS
890 - oo 262 96 iy g1 g €1 SuDis Tednd 3s¥0 TETIIRd UATTNMES

S gl*e opToT &6°t Ll LT 0T 61 8 {d) peep untTMITS
Co99*g  oMTe9  E£UEm e LT €9 06 N (3) woTTowTS
91’0 0B*9 g0 L3 it 4 9 ST BUTYS TPAIET 4SE0 UNTTRMIE
L 99%Q  Of*gy €N 2T 2L g 66 g€ 835RTQCISTY HIED (1) ERTNTS
C09TEE - Qetoon 0*gsT TofZ £l Té et € 661 _ {1} sMTInErTs
 %0%0 o0 €0 32 I T (1) sePiTa
o o om..w 0"t 9 1 € 2 (v} o=praTy
02*0 020 o't T T (1) snaoudoTey
L (43¢5 TN ¢ -y o 2°0 T T {7) snryokag
96T o't g% 6T z € 21 2 (7). suadsdorphy
wote - 00°1 Z*M 5§ q I (1) snqnuaco enyepliog
910 2’0 g% T 1 {N) eIesdimoR
95°t  0C™2 8% T zT L9 T i {¥) mwucuslg
ST OYvEl €. 19€ 0T 8T HST T 68 {N) eepraeeg
9T°0 0970 g0 ¢ r T {N) stusep
96t oeTen 9761 112 %€  mg IS e (x) sepoyifacorag
L0 09°€E L0 29T L LT 8 6 12 eeprTUOYgUoodiy
02%0. 0071 0*t Gt n 0Ot 9T g sndefay
0T°0  09%L 5*0 gt 9 6 61 L SRPTEPTIORILY
20*0 09%0 T*0 € T 1 T BTIOG8Y
9E*D 09T 8°T €l 8 wt 62 zZ noyoxedg
gD of*LT T 1g ot LT gt 2 ot sosen 830 puraeovaply
g9*0 . of'te #.m 197 o8 20T €4 €T U #}aeyoc3tin
' 02°2 AR L T _ T 4 x BROYBUAYN
¢ %t s S s ks ST 22 . 22 wrssdng
gﬁﬁﬁuﬁ T T e T 10 [7) [ N ) TXEY,
U0 8307 _ Uo 8807 o 9961 qwm sudny .
W0 00T/*aY 8TE0% _ pajoatro) seidueg

,vnmﬁu 001) setdumg wollog ur swsTusdIy Jo (UOTYTUST uo §80°7 3m) sewuOTH pue EJoquEy me aTaRL

— TP T T S Ty S I - PR AU



: 8
gO*0  02*T 0 9 T T L . TISSTICE
7é*c of"0 g (4 , . 2z ST{9US SIEBQOTUOD
00  0g*0 €0 7 z 2 sTSRQATUS)
BTG 09°0 2*0 € £ (4) sEprpodeysTTog
. 010, oo s*o Z Z (1) oeprpodoudstteq
0% oz'n 10 T T {d) =eveleH
90*¢  02°T €0 9 9. (1) sepTaTel
CNotc - egto 2*o 1 T : (1) =mrrpadiiog
oT'n. o2 a*0 21 1 T € £ 7 (1) uwm3oTaucs unyrpediiog.
85°0  O9"€T <2 69 -1 6§ % ™ (d3) exyvesdoten
B2 orMRT L€T  LT6 S8 95T W€ § 133 (1), =xyoesdoten
0S°9T ©62*94f %28 WAL 9 €S2 96 g6 L19 §3883 vayoesdoiey
B9*0 080T e ne 9 2 rA T £ (d) g *de (swojormady) sndojosT.ay
200 oo 0 2 T . T _ {7) % *de (eucjoruedg) sndojooray
o 008 20 Y 9 g 92 2 {1} £ *de {ewororuedg) sndojeotan
oA s il 15 LZe ™ i 25 £T 7Tt (1) 2 °de (swororudeg) sndoyooTan
of'c 0§70t 0" f1s ] Tt 02 ST (1) T *ds (ewororuedg) sudojootag
T B o S o g € 2 _ {'1) suTpetooTpIEY
92’0 080 £ ki T 2 T _ (q) samauouirog
o0 s g0 52 JTO 1 9 _ (1) =ameucuiion
200 Of*c o T T I . | : {7) exmeusqueg
"o 020 . 20 I . . T - : : - {v) oeprpedrpus]
90*0  00"6 € s 0t 9 2T &5 FAN - {11) s=pTredipuag
gO*c  0%%0 o, € £ : : (v} wmpTowTg
ﬁﬁﬁﬁm umnﬁﬁ UOTQTUST JBQUAN J9 99 g fg eXBf,
s . Jossor 9961 "gZ snany
=2 i N PejeTley ssTdireg

*pInUTTO) *9Z STOEL




& of*1  00"06 g*o . 04 el = T2 E€ 9% 99 surys Tednd 4880 TerTiswd MMTTRUTS
qMeo - 0g%t - g'e &t 9 9T g T 2 - {4} peap mNTTOWTG
gE™L T 08%25 &*9€ 92 g 2 2T M 65 {4) wmTEmig
gr'p 02§ 9T 2 2 13 g n SurHs TRAIET 459D WMTTOETG
al™s  ob0ge q*gg  OfT 9 € 89 2 43 S1SBTI03STY ¥awp (7]} WRTIUGES
0T*9e om«mmm S*OET  9lét. b8 06 2980T M Tt () WoTTONTS.
Lo 022 [l T g 7 T {T) eindTy
go'c - 00°C 0§ I i | (1) eePTUTE

R S B ¢ | B £*0 z T T (¥) eepmuild
e . o020 z2'0 T T ~ {d) e9TARIdY
g0 - oo - 20 2 2 (1) eoT=Id¥
fo ™A SN ¢ g 4 ot T T _ , - {d} euaisdoxphy
go'0  oTTe o Lot T é ZE 61 91 (1) susisdoxpily
gg €z 02T - £%IL 9 T ‘ € 2 {T) SrguuIod SHIEpLIo]
80D 02°T ™ 9 Q ‘ : {N) Bxegdmer
gzTo - 09%e €T e L 9 | L (N) erSay

mqm S ¢ A A £*LT i@ 49 el W ogh - g2 S (x) sweucuelg
ge ™y - OegviLT £*1Z 99 g L1z @21 66 alt - {w) eepmsEg
_mmn B 1T ELl & 94 L7 1 4| o (N} sepomAioota],
1o - 00tol- L*t 0S¢ €T fIT % &1 T | seprracuiyoediy
Mo - ofeL - 272 29 . S T . of é , - sndefuy
oz°0  00%6 - el & T 9 L 2 o , SEPIEPTIORITY
s B ¢ =4 S g% 91 T 2 It 2 ‘ . BT3IOqQEY
950 - eg™E g%e /A Tt €2 16 89 12 - wogdxads
oo . -00"ge . . &2 ot ol 9, s T 9L _ gogwo 2895 BUTIEURIPLY
96T . ©9*sZe  gté T A S (1 7 69T MM T . B12Ey2eSTID
o0 . 0§T6T 570 6 - BT T & £ ‘ , : -epoyEusy
o - O7T g't - 21 - z 2 g ~eTsaing
WO ST %nﬁﬁ_ GOTITUST Joqumyy  gf Y Gl 69 ge . A
R __ . U0 80T o 995T *g1. Leuatdag |
NE eﬁ\ 3, - ETEI0L | Po3oeTIop 83 Tdeg

w.,_mwﬁ.o co.mv goTdueg wojaog UT SwsTUEdIn IO Aﬂo.,nﬂwme uo ssoY 3w) mﬁwﬁeﬂm e SIequmyN  *lZ atqey




<
neo  09%9 LT £y 6 €T 8 Tt SreeTd
9T*¢ - 02*T - goE T . ¢ ! STTOUS STORUOTUOY
gets 02" B 1 g T £ g STSEQOTUOD
| B 5 5+ S & ™t AR 3¢ 9 , 9 (I} 2TWOIPO.TRMSH
| - ga%n dg'p 0 T T (1) (swonoaTudouTT) SodTPURE
- CeTD 09% g € 2 (1) sedrpusgondiip
| 9T oo g0 2 z {d) mrTpeditog
QYT gBtet 09 iy FA i n T an tmgoTAv0d unTIpaditog

2

1

T

T

I

UTT 0D L5 04T . oz {d) smeesdoTen

BLTTIT o3eée  67QS TEM 62y ST OLTT 066 986 {1} =msesdorey

0TS ogtefeT  §Ueez %Mmm @ﬁﬁ TE6  609T E6LT . Mmm ssses eajovadoTen
g S

WH

N.m

ﬁ...

N

w_m

20 08% ™ q 2 T (d) (euojotizedg) sudojoorany

2% 97T - T 2 £ (1) § “ds (=wojoTuedg) sudojesTay
WY 9%z . ¥T@  Eol 6 of € gt {1) € *ds (ewogomuedg) sudoqootap
9T @@*6L  §'s 96 2 9T 9T  S6T (1) 2 *d8 (Buogoruedg) endolodTIy
gz*o oi™NT B i ) T 2 9T 9 A«MV T *ds ﬁﬂ5+o.dmmww sudolestan
ot Sl s B+t ¥ 9T 9 . £ T (1) SCIPeTooTPIB)
g0 020 970 1 . T (4) =aneucuiion
‘gET0  O7THE 5%T L5T € LEN Z2 28 (7)) eInsucnirc)
B §oTo  09°0 e € T L I | (1) eamsuesLcg
a ZI0 090 g% g T | (v) sepipsdpusg
B ofr*a 9%l S a4 7:3 é q L o1 L : {17) sepipadrpusy
oI 0§"0 s Y T T 2 ; {¥) WRTInUTg
25 CONtELT 0 TU&2 - Ll9g L6 L2 98 . €9 202 " pesto (Ednd WLTTMUTE
T9ET® 09 g™y gof g2 RTr €6 0 €€ £R surye Tednd 3580 eeTdNOO WNMTTNUEG
S BOTTUAT  JoQEMN @ UOTITUAT Jequnyy Z) k7 E. &9 g2 BXE]
- b ss07 _ 1o ssog , 96T g1 Jequadeg
P O0T/*AY mﬁﬁam ﬁ@gum.ﬁ”cm mm,naﬁmﬂ

| epemuTiUOn 17 STAEL

sk b — i 1 L st - T, e i i O ik it vl i B 1 i A . ] in ey . i



8

96*0 . o0 £*0 P 1 T _ {v) aseprpedrpUsg
2T 08T ™e & _ - {1} suprpadrpusy
o9'E 6,208 17 08T giE L2  sesed ednd warTATy
ZE0 OO0 90 5T T surys Tednd 9880 8%9TNOd WY TWITY
9E*0 09N ke £ € surys Tednd 3§ed TETiIEd WMTTOUES
M€ poteEE LT 09T i (d) VedD UMTTNTS
CogeTRooogtyT. o 9%sT W l
700 O9°1 20 L T
N gh@ ..D@,UH . MJ-N mu
9T  02'85 g*oz 162
‘90" 02D €0 T
20%0.  0<'p 0 T
2T oe'o g% I
Zi'o Ot 90 1T
99*0  og'c. - E£7D 7
ot o' %0 Zt
' 09%2 0T EI
oT'0 020 &% T
Ep 00'9T 90 o8
9v0 ot gl g2
0g'0 . W'IT o*T as
ot 0g'T. 50 &
gE*e  OT%ez ST - eit .
nere o™ L't Lo€ £
K TR ¢ | o g L ' ,
‘Nt o7y 't gt 08 T - . @8EuooBTIo
%o ol glo St 12 . . ;. epoymusg
S92t 09t L 2 8 | : . wTsadng

B T i T A T A N NN 7 T
wo ssof - U0 SEOT - QST € Ieqogeq.
- FE 00T/ - TR pegoeTTog. sapdueg

Mo

{3) wmTTRETg

SUTHS [EAFeT 3580 WNTTOWLS
z £ $1BRTGO3STY HIPP () UMTTWMER
_ - {7f) BTG

(1) sepmETH

- {y) eepTWTE
_ ﬁvﬁggﬁﬂﬁ
T (1) euofsdoxpiy
2 . () eaoydigosag
S () ewououYy

T , ~ {N) sEprIeng
_ (1) sepougdootay

oL | - eeprTaOuIuOedly
i ‘ - sndefey
P . @BPISPTIORILY

N O MM N
i
3
Wy
=
"
r

N

, : PTRISIT
5T uoyozedg
£9 ~sesso 539 EOTIEORIPAR
_ €382 wyoenoOB LD

€00 ot
|gANan wna N
inT

=
QP LN o OV M 400
o™

_ tnwgu 00T) soTdues Eowﬂam.zﬁ.nﬂﬁﬂENMMﬁ Jo (uoT3TuBI Ue sgo Sur) SSEWOlY PUR SISGEMY %97 STIBL




WD ogtez - It

oo x.@ - 8%
Pz ovogto - 2T
970 o2t - v

CRoTe g0 %0
B ORI ¢ - ol SR £%C
geTe -ogte o o

- SE'c 098 2°T

0T 00"t - 5%

\md*'_;a-5f"
TN o T

=
oa
~

H .

Wgtue  oogvqie m&oﬂ
2 o0 - T'T -
90%C - O2*0 €%
90*a  “ozto - £

B 5 B = s I

:mm,o CeRNT - L™
- 8T 9T - &%
Q0% 0T - fB

SR 2 Vs A A

"%ﬁ%%ﬁﬂﬂw

ﬁﬁ'ﬂgﬁﬂﬂﬂﬁmwmﬂ

e

o
MRH QA
we one

i

E

GSHMQE
1,

- PISSTa8g
 BTIPUE STSEqOTIop
o
T mﬂﬁahwohmﬁm
mﬂ Ammagéogw cadrpuag
~ {1) mrrpaditog
mﬂu ﬁﬁa.nbﬁem mﬁ%ﬂhﬁﬁm

, 3 M..L:“...r
{w
{
{

m&owa.mﬂmmmu mﬂmﬁeoﬁhm

(d) Bamsuoulion

- WHTeT | e

_H0 2507 uo SEOT

aﬁﬁ&w Fogqumy

Y )

- DGAT *C J9q90920)

{1} m&gmnﬂ%h@m

L2k =

- STRY0L

PIY0aTT0) seTdieg

*ponETIuGy  *gz OTARL

m.Hu SUEPETOOTPIES




099t msﬁ
e oL o
on*e T
g6"0  DO"ES &Y
oO™HL g*a
on*o o0

£T
ee
o2
1

T

9L

8T
9T
9
£9
€91
W

>
862
Ok
4

o™ - :gﬁhl

NN

6T

BRTRAASE

(e AN

EREEE

€T

g5
T

| 41 RAOMYHpH o gan

NHE ﬁm@élﬁmﬁ

S POy
el

Mo

gagey Tednd EMTIRUWTG

. SuTHs [ednd 35Ed 9 TdHOD MNTTRETG

surye Tednd 4see TETRIEd WMTTRUTS
{4) PESP MNTTRuTS

{d) wnrTmerg

SUTRE TRATPT 1620 WRTIMIES
§38=TqodSTy Hep (1) WS

Qvﬁﬁﬁﬂ

ﬁﬁ ayaisdosnly

(®) eproeTd eyeeTIsg
{§) samen wirsydoTueey
ﬁﬂu EWSU T
Egﬁﬁﬁﬂ

OITIL
mﬂmﬁggﬁﬁ
%ﬁaﬁﬁ&nm

awﬁuﬁﬁsﬁq
BryIeqeT

uoraredg

gases 289 purasomapiy
wpededog

T rERyodiTIo
: ’ Tpojousy
ﬁﬁ@ﬁ

BOTFTUET &ﬁg
B0 8§07

ST T JoqEN

wﬁ 0T/ AV

up Sgo]
.. STe3oL

E .

=

28

9861 m@%aﬁmm —

piepip—— —
e

s

N ——

"
-

e ———

»mmﬁﬁ 00T} seTdweg woljog UT smSTHeRJp Jo {HoTTudY uo §so 3n) SSEn0Td PuUR SIOQEMY gmw STIBL




67

.

BTSSTIY
STIOUE SIIBQOTUOD

{7} TmeoJposswen

{17) =aeryTizs smucuorTyne3disg
- {1) mirpediteg
mﬂﬁﬁﬁﬁggﬁﬁﬂﬂﬁ

, { 1) zxjossdoTE]

L gre 090 90
9670 o0 g

| Nﬁiﬁ : ami@ 8
f ,w%«b. amw.n w..-N
,
,

Lo
N W]

r

| saswd wrioedoTRD

(d) (vwoyotusdy) sndoyootas

.Mﬂ. f =ds {wmojorTurdg) sudoyooTay
T) € *ds (mmojoruedg) sudoyoory
(1) ¢ *ds {ewojoruedg) sndogoatan
(1) 1 *de {ewojormedg) sndoyeoran
-5 SHTPETOOTRIE)

gl  og*mz  6°%E2
.ﬁg ﬁ@yﬁ 50
&Hnﬂ uwnm. il*o

ﬁ%“”'ﬁﬁaw

r4

f g0 0Z% 1o
W o WEo. et L
ﬁ 90'0 0272 €20
, 99%c oo £
L 0
%ﬁ.,ﬁ& 7°G

ﬂﬁﬂﬁ&uﬁ .ﬁﬂﬂm FOTLITUIL IOTUNK 25

Mo 8809 uo 80 . T Eﬁ
252 00T/TAY STEROL - . Pa308 Y0y S9Tdmmg

AR HIRNIIRGQIANYIMN

o
N.gam_gwmmwﬁﬁm o

R

H.
b OGO P TN sty
Gu* . K]d ’ﬁg

Hﬁﬁﬁmﬂﬂ_ﬂﬁ

'HMﬁw
1m0 Wi 6 o8 asat oy @t o4
w A ﬁ%ﬁ

i
i
:




m
)'_ :

L

, no mmo_w.lh oo S8077

supye Tednd 3580 Teylued EMTTANTS
{d4) peed WMTTMITS

, mmv UNTTrES
1 a SUTHS TEAJET 350 UNTTMLE
mammﬂnapmﬁ: foep () mTImsTg
‘ {"I) TOTONEY

(1) ovpmlR

{¥) sePReETH

ﬂﬁ ve1haaly

{7} ouoksdoapiy

(i) exeqdresy

QS eproRTd e3SeTIed

) eandigoeag

() wnem Nh.ﬁpmaﬂﬂmuﬁ

{§) wu=uoTALS

Amu FEPTIIEYH

{E) eTreasuaydy
mﬂudnﬂgﬂeﬁmnm

[
wno
mm
i
ﬂu\ca
r &

56

st
s

g4 30
i
3

i
-y
_ “‘J‘x ,wg “ gl'sa.-_‘ﬂ'ﬁ § Qa\::; %% ﬁ ~ g g mgﬁ\r e lﬁﬁlﬁ

WL R =

‘[l f -

b
i

i ety

- *{zm 0OT) soTdhimeg wWoglog UF SUSTUSSI) JO (UOTATSY UO £SO Im) SSEmOTH pue sIequny  Of STARL




i

89

H10%0
276
90%0
100
e
S ¥ o < R
- S 2]
oo
;3#
2079
mho
2%
Te
- 20
KT
- gte
W0
- 206
uﬂg
- go%e
200
- %o
B A TN

28

9T B

T - 50
OTET 9T

_..S.E,q%mwﬂ
B A
I S
00°9 ™ o
It
2T
T

,%,.a ,H..ﬁ m
098 g% R

4
828 U B Mm 9
Wy

-

o0 z*0
02T - T

o™
L

m
w
,_ , m
020 FAds! T
o8%0 g0 L |

9

e

ors o'z - L3
09REL £°g ELTT

gﬁm@

of°E g%0

oqtee B9 :
oz g T
09%E PAs ¢ g1

7H6.35hagﬁ§ﬁamm.mﬁ
R

o7°0 £%0

09°0 It
62"9ET §'05 . T
ogTgt - 9 €61 9L

QA WU O N L MASE B N

el

. BTESTISE
STTeUS mﬁmmno_nnaw

. (1) =
A1) (somouo, w wwﬁﬂﬁﬁ
aﬂﬁﬁﬂ@ﬁﬂﬁéﬁ%ﬂ&@
(1) mmitpeditog
{7} wngoraucd mmyrpeditog
{&) exyoasdoTed
m&wﬁgggg

: A&mﬁgﬂﬁ&wgﬁﬁﬂﬁ
() § ~ds {emojoruedg) smdojoola)
{3} £ “ds {euojorusdg) endoyod T
(1) 3 “d8 mﬂgﬂnﬂ@ ua%ﬁﬁ.ﬁ
A&M;%mgﬁbu 5y sndoy

: {3} 3@&@3@@
. {1} enTpEIROTRIRY
mﬁwﬁﬁﬁﬁﬁ

Quﬁggﬁﬁﬂ

3 snﬂnﬁm
: ﬁ&m BN TTTG
mgﬂm ﬁ&ﬁ pmmu mﬁﬁ%ﬁ_ gﬁﬁwm

 SORTSL _,_.ﬁﬁwm.m il I

g WWOwH

';gﬁﬁﬁ-m P %m#ﬂw§gmm'

Bl &

%%,%ﬁf“ - ogreengaen

Nssﬂ?q " TR pejoorien serdmes

b rtent
=

. rpeumiucy °9f STASL




g s 02T -
9o . 0972

UM TE 9EE

er'e 09%0
g0"G 7'

9i*0T 09*2T -GS

s 0270
g3'c Oy

| oftte 08%és I€c
DBE 0g'gt maaw

GE*2 o9
R I « e
ol*c 0N
_35 f2r. a4

Z2*0  QTTES : d.ﬁ 962

oo o9
ot*s  09°2
g0%0 0970
- OT0 O8RS
9z*0  00°gf
go%a G271
0’ 09°¢
o'e oo

oD  o0B“IS S gz

oT0  OTEL §%0 . 19
oE*0 o1 2
. nm»@ am«ﬁ,

z*0 ,n

A
“ﬁﬁﬂa§§ﬁ$““§ﬁ§ﬂ

Qﬁgg.WWﬁm.mﬁg-ﬁwm%ga'ﬁ=mgﬂﬁm

{d) peep wnTnuLg
{a) wmTToNTs
849%TQOYSTY {IEP ) MRITORGE
{1) =TTy
{1} sepTHTY
T | (¥} @PTHTY
_ (1 =
?u%ﬁgﬂ
{f) eproetd @eateg
{1} wasydiyoeag
{(§) wanew xLzaqdotuse]
{1} vueucuIg
{¥) =spPTAsEq
(N} eTTSIawady
(N} SspoyplioaTay
 ewprTHOYIUICALD
] sndeSap
33%3334
EI0qaT]
. woroxsdy
mgﬁm%ﬁﬁﬁgéﬁ
ﬁﬁﬁﬁﬂ
‘ﬁWﬂﬁﬂEﬁg
L BpOjBNISR
L wrsesng

eapdy

o}
N
o

%#‘-ﬂ'ﬂ!“\
%
-5

o

;MS%HﬁWE mm,ﬁﬁm 2F v
S t

mHHﬁ.zrmEI\ & N o %%u\ﬁa

DI & D P IIN

g Hama WMy N

™
HHH%
mage
= B o

 UOTTET nﬁﬁm Eﬂa&w hEEm

Ho S807

- OO @MD@M.

0 Iﬂ?« _

g

e

 Pesserieg sordms.

*(;> 00T} seTdies WOROT UT SUSTURAL JO (WOTIINIT U0 SSOT Bm) SSTwOTg pue sxequuy I STIEL




geTa. 020 o o
g2*0 - o7°s - 0*T
ge'o - 0g%L ¢ T

{3} suTpeIocTpIEl
£ ‘ (T} ENTPEIOOIPIRD
4 | ﬁwﬂggﬁgu

-ﬂﬂ N-ﬁd ] mgwggmwﬂ
3

5
Zi'o © 020 g0 I T _ BTSETASL
02'2 = 050 0" € 1 T T STT9US STEEqOTUCD
oTo - 09T 5% g T T T € 2 (1) mTmoIposetoy
Zr0 - we'o 9°0 T T - ERPTOTHH
910 " 02'0 g0 I T {1) *uor *q *ds snmoucIru0ydLry
gr'o Of'0 9%0 4 2 (1) BaeIrTies snwousITyooldiay
© go%c - o0gta o M {7) myrpediteg
HZ¥o - 02Y6 Ak G £1 é {11) ™RyoTAROD waTTpediteg
Lo - ma¢ﬂV o L £ ‘ (3} exacesdorey
¥S"S ~ 0gTSet Lz 8261 sen | | {1) exysesdors)
98T 0BUASE 5 96LT 255 &LE sage? BayoesdoTe)
mw.a ’ mmw, ‘ 1 £L € T {3) (eworoTwedg) sndogeoran
. %0 09t 9%t €61 &€ T {1) % *ds (ewozoruedg) sndojodtdy
ns'e T 00%L L*z 13 €T g {1y € *ds (ewojoruedg) sndoyod1iy
¢r'o 080 g0 T q (1) Z “de (ewoyorowdg) sndoyooray
-~ 08°T°  08°89. sl Mam 68 95 {1) 1 *ds (ewoqotuwdg) sndoyeotray
i I
iz s
£8 8
T
o€ 9
T
sz 2
ig g7
g6 iz

Bl mEgnn on g sgNag =0

'.gn-wmn BT g epnyg

00 020 20 (¥) sevppedrpusg
92's 009 €T 9 (1 m%g&ﬁaﬁ
90°n © 02'a £*G , : V) EOTEES |
gif*e ©  ooTey _m.ﬁ 1z - gesed Teded UMTIOREG
s'e | OYYIT Lipt- A 8T surys Tednd 3580 sjeTdEed mMTTOATY
05 D9%6T A g1 F4 4 sopys Tednd 3se0 TeTiled IMTIRWED
ﬁﬁﬁ%m .a%ﬁm TOTInGT SN 26 o5 68 988 - Em
| C b0 80T . T Jequeveq | - |
B STe90% | peroaTIey waTdmeg .

- “pemupiuop  *TE STAGL




& 810
fio*s
270
gi@
oT'o
oT'0
OTC -
WH.-@ ,
910
R g 4
2o -
2T -
g2 -
Wmig .
120 -
oT'o
ﬁ!
gO*0
go%o
qT0 -
gto
Ll
9o
8070
go'o
jﬂ.@ .
MQ,#.@ .
@m um

09°T

1%
ri
-“m§ﬁ3@#ﬂwmﬁMﬁmﬂ$:Hﬁ”wﬂNm“mﬂm

T K

e N
Ml N0

-

N
~ Mo el e
gHHﬂH r'-!m

(RN DU - N B
= uwy it e

~

-l

Nmﬂwgﬁ b I e Ta h L

{v) eepypadypusy,

{71} seprpodipusy

gosen Tednd emypErg

supNs Tednd 3820 93o1dwod EMTIRUTY
suTye TRdnd 3580 Teijsed Enrmurg
- {d) Pesp ENTTWTg
wgamdmopmﬂn HIEP {7) =EmTTOmIg.

: , {1} wnTpars
{*1) eepruTE

{1) syoledoapdy

(1) snymIod saTRpAIS)

{x) eprowd wiseIed

(K} ®Ie3diyomay
mﬁﬂaﬁﬁgﬁﬁgﬁ

, - {K) ewauougig

{X) sepTiseg

“ (%) rrieseweydy
333@&5?5%&

7 seprTucyyecdiy

B m‘JE§§ﬁ

. ¥TRI809T

- _ uorazedy

, mﬁgm@ﬁﬁﬁg%@
epadadog

- mamoopeTs

. v3eE00StTD

L Cpojeumay

- wsedng

Eﬂﬁﬁ %ﬁﬁ gﬁﬁ&mﬁ%ﬁ
jnoﬁﬁ ,

WO SSO0T7

%@EF?&

T el

k

:‘;K MY gaNMm 4 0

I
T
g
A
z
T

8
"4

-1
-
ki
T
7
T
T
rA
e

e
2
9N
It

4
FA:




oy
o

©go*s 020 o I 1 eTesTIag
907  08%0 £z % T £ 2TIBUS STSBQOTULY
0 09"F ro £1 1 2 1 5 {1T) sruoIpoIsHay
g’ og'o 60 I T : {1} oepTeTay
€10 090 o*0 £ 2 T : (1) (snwomoITuRouEyT) ssdipual
gotn OT'0 ™ 2 T 1 g BIeyTiAse emmonosTyaoydin)
goTo 672 Lt It £ £ T z FA _ (1) mmTrpediTey
q2*0  ogtet A 09t 0T 65 o " é {7} IM3IPTAUCD wmTpadLTod
Laad R b o Fa T T 2z € | "{d} erpoesdoTe)
26T O9ELT F*6 g95 g€ g LT ST £X {71) sxosadorep
OLT o099 g9 fe1 sg 919 IS2 &9  6IL. - gamed exjoasdorep
wto  of'e A zr 3 s _ € T (4} 1 *ds (emoyoruedg) sudejeotan
09%0 - 00T o't 0z2 o7 oor I 62 8T (1) § *de (ewojoruedg) sadolodTay
oo 09t 59 gtT £ L L] L (1) € ~ds (ewcjoruedy) stdorestan
20 ooty g%0 02 € é L T : (1) ¢ *de (emoyoruedg) sudojoDTay
go*0  0§°12 0 66T ET &€ iR 62 T (1) T *ds ﬁﬁﬁﬁq&mw gndojooTag

- 8T 009 &0 0t z 6T £ = T i * {7T) STEPSTIOTRIEY
ot 00"l o GE T 6 é g l {1) eamauoculiod
o"0  02'B z*0 T ._ ‘ ‘ T ﬁu BIRSTRI UG

UOT§IUA]  4e0Wmy  UOTRTUS] BN JE Of 7 i€

} wmﬁ %ﬁm |

_HD BSOT

O |

. PegosiIon. a_uﬁnﬁm

..I.‘ lr e
il

*penuTUOy “Z€ STAWL




ﬁ.o 0g'2T *o 19 ] €1 ST € 5z {1) BmeuoulIon
® mo%c 020 20 1 1 (1) mansweiuag
90%0. 02°1 £ 9 Z £ 1 " {v) eepipadrpusy
go*a 009 B g ot 6 g I I Iz {1) seprpadipusy
%o*c - o0 £°0 2 1 T sogeo Tednd wnTTORTY
. peC o e oI 2T 9 ¢ o £ surye Tednd 4seo Terired wmTTAELE
2070 oo €*0 z T . 1 {4) WeTTWEg
91T  00TOfT g*s 059 t0T T 28 €T WL (1) wnTnuey
. g0%¢  OB'O *o 1 S A T {4y seprrTdoapiy -
NI OO0 t*o r4 _ - T T {17) audledoapiy
22'c og0 0 I'T 13 T . {n) e1sedosT
20 099 9z i g ] 2L § (n) epporld wmyseTIed
09T - 02°E 0'g 9t € 9 T g z (N} easjdinovag
g6*c  00™S9T - &' 628 €T 99T WI  £ST Of2 (N} Banst %ﬁﬁnm@
T 00T °2 ot £ £ T £ - {N} eweuouUaqg
gI"0 00t 60 ST A 2 I s {N) %«ﬁmﬁm
2T - oR'2 g*q 21 | € z £ {x) wTreJenandy
2T*0 ©O"sE  9*0 ST Y 1T L 8t 1g sepTTUoyYR0dLy
10 09°T Lo g [ i £ z ~ sndedag
o1 02%0 s*e T I 22PTOPTIOEILY
oT’0  02'1 %0 9 : L r4 - uoynaadg
go*o  09%¢ . Mo oL 9 e £ Z1 £ sssen 339 mnﬁw%g
900 ©9°T  £% g 1 “ I 2 _ =podedoy
90*0 oS £%0 2 g ¢ g b g  eaas0peTn
o't - orteee O°l 2eot P S o v B ge  lIT | =BERSITTID
91*0 - 00™IT gro a5 w Lz 2 53 L. . EpaEumRy
&0 . 09°2 &%q £1 T T . 2 & - ., ureesug
200 og'o 0 T ‘ I : . : T BIpAR
ToTyruBY  JequiN  uoT3Tuol JequoeN  gol IOl ODT 66 R6 _ =
uo 8807 _ _Uo §SOT L To1 ATEnI0o]
9 00T/TAY o FpEReL _ |
*(at 00T) soTdiwg woyjog UT swsTusday jo {UOTATUSY U 8807 3w) SSEIOTH PUB sIequny  “EE 9TIEL




%5

26°0 020 .

H...

ETSOTARY

T T

gUTg | 0970 '8 £ _ o € SIS ETERQOTUCD
gTT0 08T &0 6 £ 2 L {'T) ETWOIPOISUSY
%0°0  02*0 20 T T (1) *uef *q *ds smmoucapyocidiiy
g0*0  00°2 £70 ot 7 T £ T T (1} wnTIpediiog
06*T g™l &6 e Bt M L2 2 FAAA (1) wgoTaucS ImTrpediTog
90 09°T 8*0 g T T T s (a) sriocesderep
9T 09706 g's e g8 &0T W L% 98T (1) emossdoTey
ZETS o2Tpot g*gz WS 92T 68 ™ 05 pyra sases sxjossdoTep
o 0997 LT €€ L 9 £ L o1 - {ay mmﬁﬂeﬁﬁ&u andogooty
9tz 097998 €721  geET 9tz €M 62T 9I  nee (1) 7 *de {ewogermedg) sndojeoTay
92°0  O9°HT €T €L g £1 9 72 22 Mﬁ £ *ds Agaﬁn&mg sndoyootay
¥I*0  02°ZL L*0 9 Y £2 ] 2zt LT 1) g “de (emojorweds) sadojodrap
2D 099 9*q HEE & 6l &€ 9c T nﬂ T ~de ﬁgpoamﬁw andopo00T.n

. 9T o&.m g*e i : T _ ‘ | {d) Eﬂﬁa@eﬂnﬁu
w9t 02761 2 9l 1 LT T 91 g i ,
o 9% o € 1 T N 4

TOTITUR]  deQERN | GOTYIUA BN 20L__ 10T 66 BE

© WO £50°7 ‘ o §soT B IS6T m NIGIF _
maa SQ.% | sTeioL o wﬂ%ﬁa mﬂ%mm ,

J%ﬁ.twﬁ HCE ITqRL




Y
[« 2N

oT"¢  09*1 8o 2 T 5 T T (d) peep mMpIRELS
9TE GO%RT g'sT 06 6T 92 a1 2t gt {d) wnTiErg
9279~ oLlfe €I 91T 62  £f L FA S % ¢ {1) wotpwmTs
00°TS  09720TT 07562  E1SS 65T 65E1 W6 SRL 698 (1) wOTTOOTG
2%y - 09T 0 £ 4 1 (1) eepTUTE
Rz 02'o ol T T {1} snsoxag
gc*s  o2to £*a T ‘ T (1) sntdeisy
e 05%0 $*0 7 2 g (1) exeqdruey
Cog6te  oeto 0 T | T . (1) saTdedy -
- BE*0 050 6°2 n T T z {1) euokedoaply
8t 00 9T o2 1 € s ] Z {8} eTIadosT
0870 06 oY 02 ] £ s g z () =proeTd BleaTIed
€0 ofe 9*T 2l ki 1 £ T - {il) emousy
gz*o o2t T e % S £y 08 5€ {u) eawew xhroqdoTusey
go*o  oe’o o T X _ : mmu sfaxeuoretd
0g*c o5 m.a £ 9 & 9 9 | (5) eumucuery
o0 - of*8s St A £T FA L 8 pA () 2eprioeg
oo - 05%2 02 £T 2 n 5 A (&) ®TRIauYdyg
2o 0gET 2T jar /A e i Ly €T eeprTUOYTYR0diy
S6*0 Of'f = £% iT 1 £ s Z g - sndeSsy
o' o080 5% i T z T | seprepTIORnY
9T*0  Off*o g0 [ _ Z | BTRI8geT
1% oL B i s B | 2 T T 3 woiaTads
70 09°% L*G £ 2 £1 Sg £ - se5w0 386 wuTIwORIDAR
9D - 00*S €0 a2 L 8 £ 9 i ~ ‘zpodadeh
8070 E.m.ﬁ 70 26 £T 0T LT T U | BISO0DETD
g2 0§°Tof 2UET %mw e §5T 919 958 20T 212RYSC3TTO
90%0 oT'g £%0 L € €T T 8 - wpojeTRy
gg'c O0°t 7o m.n S z . etsedng
20%0 . 02%0. 0 I I _ S Bapiy
noﬁﬁmmH ToquBY  UOTYTOIL JequmN 90T 0T WoT  £0T eXR]
. U0 88ov . R _ _

= Eﬁ\ 5 _

T STEIOL




—

—

1

BTSSTIOH

o~ ET'0 - 00°1 9%0 1 1 2 2
™ fo*h OO 20e 2 1 T e{TeUs STSEQOTUCH
€% o't 9T ] 2 I 2 4 (1) ®TuOIpOIauRY
010 02°L 50 9 q 4 - SepTaTeH
fo*o 65°T 20 8 T i £ {'1) Eéﬁa&ﬁ%ﬁﬁ sadrpuay,
g§c*o - Qg0 U] T T {1} *uop *q “ds sSmECGUOITUQOFIAIY
2o og*e i T é % T (1) BaayTTL3s snmoucITYOoldAly
020 09T 0*1 8 q € . {d) waTrpeditog
. g2t ol E*T A% € . 8§ ST L a {71} mmTrpeditos
- gqte oeteR 2T - 94y ger Wi W gl 53 WNGOTAUCD ENTEPRdiTod
oT*0 0z0 80 T T . {1} xeyrez mmyreediiog
220 02°E ™t 9t i € 3 bA 2 “{d) ea3oesdoTs)
nT*e . 0202 i*aT IT 2l2 ot sgt ELT 2T {1) =xyoesdoT=)
92*0Z  09"0E £*I0T  fO6% PAT S S« T Al S 2T/ ge5e0 BrjoesdeTe)
9L  Q9*% bt t2 9 ] 9 £ £ {d} 4 *ds (wuwojorurds) sndejodtIy
o2 ogTiet 9T 8E9T set 9en 7Tt 96E LT (1) n *ds (swoporuedg} sndoqoolan
TEFT O 00%S | TU9 082 gl € ls T B {1) € *ds (sunoruedg) sndojodtiy
20 0909 9*€ - £of L €L € 6 M (1) 2 *de (swojorueds) sudojodTy
C99T 00T £ 58 %z €52 I  gst gl (1) ﬁ *ds (ewogopuedg) SndojodTI)
nT*'0. o2*o  I*0 T T {d) SRTpETOeTPIB)
$9*T  of*zh £°g 212 = i o s iy {1} SNTIPETROTPIED
010 O7'C A ¢ 2 T T (1) =TIITag
2T*0  0g'c.  8%0 K T 1 'z (d) e-maucuiro)
02" oLt o't Ly g8 BT €T of gt {1) ®smeuouiiog
ZI°0 080 2*0 ki _ Z g {1) BaneUEIUR]
"1*0 0z*1 L*0 9 2 I I 2 (¥} seprpadIpua]
g2*o 09T 0°T gt 6 1 L 114 g {'7) seprpadrpusy
21T oertiz 9*q gET 6€ 1] 2 mH 22 sogpy Tednd UMTTOMES
ot"0.  00°Y 50 az i 9 € Z surie Tednd jees 238TdW0d WINTTIMIS
2L*0 092 9*0c  £1T £ £ h supys Tedud gses TeTided ENTTANTE
WOTATHSY JISquON  UOTRTUST Jeammy JOT 901 maH 0T 0T BX8]
o $8OT o 880 _ . T LS6T ff Trady :
S 00T/*&¥ - 8Te3ly %ﬁmﬂ& mﬁmﬁm

spanuTuey MK STABL




Teble 35a f#ftiduiate’ Materisl in River Water (mg/La.).

Hiver Discharge - Dry . Fixed  loss on
Dt o Bec, £,  Residue  Resitdue Ignition

XiBaslh e shy Aot Ta
Zerhesh 39 504 Lo ey
VItbe55 ok : 185.8 10,2 15,8
N I T T 178 90,9  Th 134
e | ~ VIIsl1i55 189 266.5 232,08 33+7
a VIZe20:55 105 5he5 LB, Galy
- VI1125155 211 122.1 1079 1hy3
. VIIIs2155 207 - Pl 784 q 1,2
| VIIZihi58 109 753 6545 945
B VILTiS155 109 5524 b8, e
VIIT416:855 183 - ShR.9 L6l 8646
YIIT117455 107 979 85.5 12,3
IX35155 61 38,6 33,8 1.8
IX:9155 61 62 0.5 547
2Xs12158 55 h&. 3949 5.6 r
TXL35E 77 1413 12k.0 17.0 | |
IX;26155 L5 6647 58,6 8.1 - 1l
1328155 - 60 22,5 19,1 33 |
XT15165 - 2ls.9 21,3 36 :
II% 3!55 89 l@n? 11.0 1.7
ITe11155 77 12.8 11,0 1.9
XIi25155 '1'89 48.2 -~ 3.0 74l I
. XITe2488 130 6,6 b9 - L. |
XI119155 117 Fol Te6 1.5 '
- xIIsaos55 200 134 11.6 Le9
It 127 6,0 82 0.8 ] |

‘ 115156 127 heS B2 0,6 ‘
. i I19156 122 R TP | 341 1.0 |;
E | 119146 122 T haR 3.1 1.1 ?-
2 1112156 119 5.7 L5 1.2
| 1317456 : 117 142 343 0.9
| 1119156 150 10.3 847 16
I320456 215 61,2 53,0 a2
1128196 163 113 D43 1,8
Ti3Leh6 169 1249 1042 240 !
II1856 - 176 948 8.1 Lely |
112686 . 196 9.8 a9 1.9
IT12:56 29 11,8 9,6 242
TT+3t56 269 2la3 2046 3.8
IIthe56 o 320 . liis 8 3947 6ol
1136156 1087 bS53l - 3956 STal
I1474586 1339 14,68,8 h2k.8 6h.0




Table 55 #

Gontinued,

Rivar Qiauharge
Be8e Lhn

_Bogidue __

Fﬁzﬁd
_Residue

99

Loas on
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IT191568
II.0056
11111156
TT41 456

TIsihiss

IT115356
11316156

TILe2hp56
II1126156

TIT3:27s56
Vs 3156
IVihis6
V16156
IVi12486
Wl us6
19156
IVi20156
IV123456
V1254586
Vg6
V110155
VIthisé
VItd1456
V1125156
Y1126:£6

VIL19156

- VIT€10156
VII11h356
VII{12456
VII23:56
VITe26156

YIL 30156 -

VIIIi2456
VIIIi9456

VILTi16856
VIII$17456
VIII+20156-
VIIL1322456

IX:6¢56
IX113456
IX11 8456
IX:19¢56
Ixs2hsé

1210

559
L5

188,2
b
Bk
2346
22,3

163.2
i
304
20.1
19,3
1647
15.h
17.5
10,8
1.k
15.1
1647

15,5

122.3
5343
104 $
264l
1hs2
134
L3:1
22.1
204

1124
2k 3
23.0

63341

333.1
2.0
35&1
3h,2
3640
155
18,8
10,3
164
20,9

9ub
?5&3
1745
13.8
Fa2
2.0

wiEndtion
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Teble 35, Contlnued.

' _ River mseharga | Dry Fixed . Loas on
Dave ... . Sec. Ly Resim_ o Desidue  lgoition

TX126136 164 m w29 S8

|
-  Xae®6 179 1.¢5 .. 15.3 . 3.3
| Xans6 153 8.3 12.6 2eli
AT S 179 oo 38R - 3040 583
| - X112x56 122 © 10,5 943 12 |
k- 115256 ny 903 - T8 . 1.8
u X122156 g2 Bhal K726 6ol |
N Z32ha56 326 3646 . N Sul
L3086 166 98 . 8:5 . 1.0

) X1119156 399 - 26,7 23.0 38

] XI1123456 . 239 6ol . 565 . 0.8 .
A1130156 186 3.3 2.7 Q.7 N
XITT1456 179 3,2 . 2. 08 5
XI147456 172 8 bl QT I
x:tmss;& 222 8.3 6,8 LS
XiT419156 186 REE 6ali ' 12 o
XT1:27¢56 W 18.2 . 1548 3.2 g
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Table 36, Dissolved Material in River Water (mg/L.) and Water

Dote,  _ Residue

XaBe5h 6042
XslhsSh ‘ 57ed
V116155 118,k - &8, 29,0
VIII11155 180, 1h7.9 32,8
VII11203585 6342 19,3 13,8 |
VI1125155 789 633 1545 245
VIII#2455 750 BLS 13.5 26,8
VIITsls58 35!& ‘ 79‘7 ) 157 273
.« VIIIs5i85 67,0 Skl 13,0 26,5
© PIILA61Es 0 257,80 @2 bh30. 273
OWITLATiEs - 85,8 0 0 66 16,9 28,1
X555 5746 LT3 10.3 C23.3
IXa9185 5947 L9.8 03 239
IXe12s85 Bliely . Shied 10.3 25.5
IXLI5S 6945 Y 12,1 2243
TXsR6155 58,1 he.s 945 2240
31335!55 e BOgly 39,2 S b =
matss 49,7 378 la.l 1.0
| . XIllliSS_-f 5049 ﬁgﬁ - 12,6 Fa0
. o JtIIszlSS ’ héfa 3?&3 945 LHS '
E ot XELageSS Wba? 30T 9.0 8.5
g L L XTXIAMBS ¢ S 80 36,3 1.7 a2,
- o EXIvRL55 470 0 3645 10,8 - 540
© Inpsé ko3 - 365 768 G5
C Ta9486 hhel =~ 33.5 1046 bl
Ia9186 N7 T 3646 1045 Led
Ia2ss . bS8 0 0 1.8 642
TILT456 ¢ IB.7 - 5.2 10,5 L8
1119386 150 3.0 0 110 54
. Is2M56 ¢ ST 39,5 18,5 640
- Xa2B156 - 9.5 36,1 13k 640
1i3L56- 47,0 - o 3Le 130 D5
ILiLg6 - 50,6 389 1LT 60
TX42156 W8 38 131 - BaG
TIv2i56 SQph 3T C 1247 640
IXe3156 531 6. 16,6 7.0
ITaie36 By o BT 152 8.2
- IIt6:56 137k 105,0 2.4 1@&5

LIBRAR!ES
FGEOR\.‘\
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Table 36, Continued.

o Fixed Loss on  Weter
Date . Residue H@sidua | Imition Ten;peratura "G _

IiitalSé 11645 8l 33,1& ,5
1145156 Bk - 6245 2.9 10,0
11410156 -6l 8 U545 192 10,0
I1431186 577 0.0 17.7 11,0
IIe1 3156 Sl 39,8 1hel 1040
TIsLls56 52,1 . 309 12 1.0
11115186 50,3 38 o 128 11,0
IT116456 18.8 - 38,0 - 9uli 125
LILs24156 héaps 3542 11.6 1145
11T 127 156 héta 3642 lﬁ#?_ 12,5
IVs3e56 lg.8 36,8 13:0 1840
Ivehiss L84 39.3 ' Dl 187
Wi6156 h9v5 3746 B L 1Y 1740
V112156 o é& : & _ 12.3
V119156 6lys2 511-:? 1245 1558
IV123156 B - 38,1 9uls 15.0
Ivi25156 LB.6 9.1 9u6 1646
Vi7156 8346 L2.6 13,0 20,1
Viloi86 Slie3 42,8 1k 1%
VItli56. 59,4 L6l 130 2042
VIt2L156 18,3 953 2051 25,5
V1125456 62,2 ﬁg-? 11.3 30.2
VIs26156 63&? 19wt 1}-&13 3{305
VIT39156 286 1775 W 2h0
VIIfO56 189.5 15141 38.3 240
VIT31)s156 62,8 L8.g 13.9 25,0
VII119156 758 59.8 16.0 25,0
VIT#23156 6Tk 9.9 17.8 25,5
ViT426186 156 51,6 240 26,0
VIIs3(a56 62«? LS5 17. 2943
YIII#9156 527 b5 11 .1 27.8
VIIIL6 !56 ‘ 5’4@1 h@b? 1332 26.2;
ViIL¥17456 701 5la2 15,8 28,4
VI1I320156 62.2 5042 12,0 28, 6
VITIi22156 1110 B8O 23.0 28,2
X656 Shad 45,1 9.8 2649
TA11.3456 53,7 b2l 11.3 211
IX118156 58,7 46 - 1 :
IX119156 5743 h7.8 Daly 2h.2
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Table 36, Continued.

- bry Fﬁxed Laas on Wa‘ber '
JDate ... B&gim_ Regidue I@,imn Tez@graﬁm o0

n325356 571&5 L{ 1&:’4 29;6 . .
TX27056 129&3 : ﬂth 86,0 159 |
ks 28556 - S : 1649 A% ;
IXs29456 654 hﬂis 16,6 18,1
- Xs1186 _ BYs2 hl.;l 1642 2041
356 , 53; 38.8 1540 20,1
= Zrbi56 62:8 L7.8 1540 170
i 4 X:12156 hsuh 3945 946 1643
» S :xzzlsﬁé_ 51.8 3y 176k 16,0
2 o X122156 5942 BTN 12,8 . 1646
1] Xr2lise 78,8 57«8 2048 yiy
X3 31156 53.6 1.2 12,k 18.4
X1¢2456 5240 38,8 13.2 18.4
xxiﬁﬁﬁ 50.5 - 35 15.1 160
X1115186 5045 1049 9,6 1148
1117186 L4845 3842 10:.3 12,6
&I 119 556 7347 ShGB 1? i!-l, 10,2
XI123156 5049 h@.:l. 10.8 92
XI: 3@‘356- ‘ 48.8 38.8 2.8 B8
XITe1156 - 13 L4245 8.8 P
XIIIL5 856 5047 3847 12,0 k.3
XII#19486 S+l 38+6 12,8 1.0
XIT327:56 5543 R ¥ 3 - 182 TeB




Tabla 37. Bisaelqu Oxygen {ppmg in the Middle Ocones Hivaz*, Angust 9
: - 1956 {0B00-2000 hours) and August 10, 1956 (0&35'-0890 he;uras
(avy ﬁiaeharge 83 Sm.-—fh).. ,

"‘%-

7 ﬂhangaa__ in |

Tine St Temp, ﬁﬁtcro& Gnmrap ﬂutm eump
o800 010 255 7.5 73k
om0 010 21 71y T.6h
W0 110 . 269 T TS
100 20 26 767 8.0
1200 620 278 T8 7,98 R
1600 810 . 28,6 T80 7.99 S ‘
o T T e “0.23 - 0.5k '
1936 ansk’ . 21 TWST O TWbS e
T TR T : 007 0,0 u
2000 dark . 26,8 TS0 Tk . | |
043 dwk | I T2T TP o |
S O 0,08
0545 dawn . 25,3 727 T3k S S
it o ~0.06 ©  *0.07
ons.  ofle /s T nAa A c )
S R 20,02 40,06
-q_a_a_e . _..;;,_!13 | 25.--5; j__ 719 Tl T

?Bi?h_ o *91-3{7
020 40,2
+0,26 L 40,16 |
*0.09 0,03

lA.n as‘bimate af per cent aiaudimas;r G/ 10wcllear; 1@/10%@1@1@'&%1;'
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~ Table 38, Dissclved Oxygen (ppm) in the Middle Oconea River,
_ ‘Beptember 19, 1956 {Av. Discharge 33 Sea.-ft.).

S . : Ghsnges in
,_};)iuaolmd; en Dissolved !’-q-';.

e . Water Above Below Above
Time  _ Skyt  Temp, eu'bw-op _Quterop Suterp Outurqp_.

0500  dark  A.8 7,06 7.3
0600  dewn 7 W07 T
0700 l@/ 1{3 215 715 Toh3
0800 1 9/10 A8 7419 Te50
0900 B0 S 33 76T
1000 - 9/10 - AWT 785 TeTh
_ 1300 40 2.9 7463 7.90
B w0 g0 226 T8k B2
| L a3000 0 2/100 . 2W2 Ta99 Be22 }
o S +0,18  +0;08
Co1ko - 5710 ‘234 87 ez

- 1500 5/10 23,7 - 8.7 Bi26 . o
l : o o o +0,18 *G.lé
1 1600 6/30 2hs0 8.35 B2 ._ o
| | $0,45  C*0.06

= 1700 510 - 2ha3 8,50 8.48 |

1800 6/10 2l 8BS BalS
2 1900  dusk  2l6  B:50 8427
. | 2000 derk 2k 8,30 8.7
3 200 . derk  2bh 8,05 8.0

a0
40,08 4012
*Ha.ol; _ 4@-67I
01l 07
40,28 40,07
+0,08 +0416
Wl ‘*c?::a:t;?_
035 40:20

0,01 w003
w0401 «0;18
-0,20  «0,10
“Dy25  ~0.1h

, 7 lsea f‘pb:’bm{;.;aifabia 37'..' -




* zabile .

'bi”ﬁﬁlﬁﬁdLQ“géﬁh'tﬁﬁa9'iﬁ £h§ nihai§7b@bﬁaa:ﬁiﬁér;w.
" November 2, 1956 (Av. Discharge 179 Ssc.-ft,)s

- 106

Water
. Tenps

359&3&#1&&@:_ 2-“

e

0800
o900
1005
; 1110.
2220

1335
s

1518

1630

1715

185

1900

lT;S,‘
A7

1649
1659
17

17,6

18,2

16,7

| 13;5

18,4
18,4

gee footnote Table 37.

.'a-h7

8.8

8.6

8.3
sln

853
B.60

.%54?23

.67

8,72

ASgég.

8,56

- 8456
850

8.5
8463
8468

8,76

8,62
8,66
878
8,98
8:48
B8
8.7h

8.69

8,61
8,58

J' #0010
©+0,08

+0,06

© 43,07
- 40,08
k ﬁﬂuﬁ5
, *Qalh
'_-5599_
L =0,11

*9;01

w0406,
C .0
0406

. 4ﬂgaa

-f *ﬂgag

;*9108

40,06

V*Qtlé

40,23

.50
40,27
: -o,ﬁi

w008

fi*ﬂibg
:EQQ‘EB
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Teble hD. Pissolved Oxygen (ppm) in the Middle Oconee River, :
D@cember ?, 1956 (fw. B:scharga 179 Sasmft.). o

ﬂlmngéﬂin

. o Dissolved | :
oy Water ove ;. “Abave  Below

Time - Bey . Temp, Outurap Gatesrap Outerop | Ouberop

06 déz%k oy 1058 10,7 |
S0 We 93 1068 0.9

o830 2/10 9.2 10.62 . 10,87
0927 0f10 93 10,66 - 10,99
107 10 98 1072 10.92
1197-;_ - QZ;O . ;9;8 - 10;75 10,97
a0 i];d 10,3 'f;’;ég§$_  10,80,
oM 10 206 108k - 10.67
129 W10 10,9 20,67 10,83
g6 ¥10 1,0 1056 10,66
Uss . 0 10 1086 10,70
1558 00 1,0 10,50 10,57
1638 110 1,0 10,5 10,55
1720 110 1,0 104k 10,52

1802 . dark 22,0 | :ib;ﬁal 10,50

_w&f' Emw
«0.03 +0,08
0.0 40,03
10,06 +0.02

40003 +0i05
w0z w0016
0 ol
0.3 +0iL6
L 07
e ": }maish
0,06 :?‘ga,;g o

“0.05  w0.02
D 0,01 w0.03
001 0,02

,13.3_5 footnote Table B;f.r. o
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