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Schematic diagram of vecording photometer
(all resistors 5% 3.

was needed, and to make the eorrect change, 3 0-50 pa
high-low switching microammeter (Api optical meter
relay, model 503-LD) was used to activate an add-and-
subtract stepping relay (Guoardian, Model IR-RASY on
which resistances were mounted,

The switching microammeter has high and low set
points which close their own appropriate circuits.  The
low set point wuas used to energize the low side of the
stepping relay, to increase the resistance in the paraliel
loop. The high set point was used to encrgize the high
side of the stepping relay to decrease the resistance in
the parzilel loop.

The unit was equipped with a battery testing circuit
that is operated by an on-off-on 3 position DPDT toggle
switch,  When the switch is in the operate position, the
photocell is placed in series with the microammeter, re-
corder and their parailel loop. When the switch is in
test position, a 39K ohm resistor is placed in series with
the microammeter, feaving the photocel] and paralle! loop
cireatt open.  In addition to the battery testing circuit,
the photometer was equipped with a4 68K ohm resistor
antd a slow blowing fuse (MDL % amp 250-volt) 1o
prevent accidental damage to the stepping relay switch
when light intensities suddenly change or fall below .10
foot-candle.  The photocell was protected from rain or
accidental damage by a Plexiglass shield,

‘The recorder does not indicate which range or relay
position is being recorded.  The ranges can easily be
determined by following any sequence of change as from
SUrise to sunset.

Figure 2 (A) is the equivalent gz values taken from
the strip chart recording (Fig. 2, B) platted at 15-min
intervals against time. Ranges of the photometer and

significant difference was found

Abstract.  Over 1400 benthos collections were made
Hiinois shore of the Mississippi River above I3

L
I—— V%Mh—wv\,u__

e 20 (AS microampere values taken from strip
chart recording (B) plotted against time.

etmvadent pa values for periods when the photometer
switched ranges are shown by a triangle and circle, The
triangle represents the end of one range and the circle,
the beginning of the next range. To prevent oscillation
of the microammeter switch, the low set point was set at
2 and the high set point at 48,

Comparative readings were taken in sunlight with a
Weston photometer {Madel 736, quartz filter} to deter-
mine foot-candie and ua equivalents. That the photocell
response is not linear results in a nonfinear relationship
between ranges of the photometer. Therefore, cach
range should be calibrated separately with a stamdard
photometer.
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SUMMER BOTTOM FAUNA OF TIE MISSISSIPPI RIVER,
ABOVE DAM 19, KEOKUK, I0WA1

Crarence A, Carison®
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from eight sampling arcas near the

am 19 in the sammers of 1960 and 1951, No
in numbers of MACTOSCOPIc orgamsms colle
Elkman dredge contents through 20- and 40-mesh screems,
most abundant organism and was the only organism colle

cted after sifting
Sphaerien fransversum was the
cted at every sampling plot on each
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Herggenia naiads were the most abundant insects at all sampling areas in 1960,
Coelotanypus, Tendipes plumosus, Stenochironomus, oligochaetes,
subcorinata were also abundant and frequently collected.
sp. b were abundant during certain time infervals,
dant insect in 1961 at the part of the study area nearest Dam 19
more abundant in 1961, when mayfly population densities were low, than in 1960

Campelome, and Lioplax
Somuotogyrus depressus and Oecetis
Tendipes plumosus became the most abun-
Several organisms were
Ay the

most abundant insects emerged during each summer, ofher elements of the benthos increased

in abundance.

An average of 2,924 organisms/m2 was collected i the study area.
elements of the benthos seem to bave changed little in the last 30 years.

Major
The study area had

a climax community characteristic of mature streams and showed no evidence of serious

pollution.

Irrropucrion

With development of large metropolitan areas along
the Upper Mississippi River, the river has received in~
creasingly large amounts of organic pollutants. Certain
areas of the Upper Mississippt lhave been considered
seriously polliuted for some time, and a recent study of
the distribution of burrowim_r mayflies indicates particu-
larly serious pollution in areas down river from Minnge-
apolis-St. Faul and from St Louis {Fremling 1964).
Bottom fauna data collected during 1966 and 1%61 near
Keokuk, Iowa, are herein presented as an indicator of
the biological conditions in the portion of the Mississippl
between southeastern Iowa and western Hlinois.

Bottom fauna collections were made as part of a study
of the advisability and practicability of local controb of
nuisance species of mayflies and caddisflies in the Keokuk
wrea {Fremliing 19604 and 1960h, Hoopes 1960, Carlson
19663, Several possible methods of reducing numbers of
nuisance insect species were considered, including the local
removal of benthic immature stages by application of in-
seeticides to the river. The present paper records the
hottem fauna of the relatively shallow silted areas above
Dam 19 at Keokuk prior to any control measures which
way be attempted.

MATERIALS AND METHODRS

Fight sampling areas {Table 1) were established in
varly June, 1960, on the Illinois (castern) side of the
vavigation channel above Dam 19 at Keokul, Towa. Each
sampling area included two stations, 20 m? and 20 m
apart.  The bottom sediments at all arens were classified
as sit-loam rich in organic matter, Current was neg-
Buible except at area €, where a moderate current existed,
Culleetions were made at each sampling area once each
week from June 14 to Awgust 17, 1960, ight deedee
basls were taken with o 155 % 155 ey Fkman dredge
withim cach station each time an area was sampled. Four
sampies were washed in a screened pail {(Fremling 1961)
contiiiing 20-mesh wire screen. The other four were
washed in a screened pail confaining 40-mesh screen.
The worabers of macroscopie organisms collected from
the twu screens were not different.  Three areas were
selected at randony, and the numbers of Heragenio and

"Jourtal Paper No. J-5536 of the lowa Agricultural
el Home Feonemics Experiment Station, Ames, lowa.
Projeet Noo 1373 of the Towa Cooperative Fishery Unit,
ssared by the Towa State Conservation L-Umml:.smn.
bawi <tate University of Science and Techuology, and
the Burcau of Sport Fisheries and Wildlife, U.S. Depart-
of Interior, The National Science Foundation pro-
Passistance through grants G 3831 and G 13253 A
2l Science Foundation Cooperative Fellowship pro-
f I amport from June 1960 to June 1961
‘ ‘h artment of Zoology and Entomology, Towa State
B ¥ Amwes, fowa.  Carrently Assistant Leader,
\rwx “‘m:k an)mmnw Fishery Unit, Ithaca, New York.

combined numbers of leeches, chiranomids, and oligo-
cletes collected with the two pails were compared in
tests of differences (_Snvdecor 1956). Al six tests for
significance resoited in " values that were nonsignifi-
cant at the 95% level, lndu,dtmg ng reason o assame
that the two pails would yicld different resulis. Datas
resulting from use of the two palls in 1960 were, there-
fore, combined to provide single estimates of the number
of organisims.  In 1961, onily the 20-mesh pail was used,
apd four Elkman dredge samples were taken from each
station i June, in July, and in Auvgust. The total nom-
ber of mndividually-preserved Ekman dredge samples was
1280 in 1960 and 192 in 1961.

During  the analysts of collections, specimens were
identified at least to the generic {evel n almost all cases,
Because of the large numbers of Sphaerivm transversum
collected, their nwmbers were estimated after several
countts had been made,  Sphacriun: from 55 collections
selected at random and representing ail 16 plots and both
years were counted, and their total volnme after air
drying was measored. An average of 385 Sphacriwm/
cem? was calculated. Thereafter, in eollections containing
maore than a few Sphoerionn, only the volume of the air-
dried clams was measured,  Their number was later
estunated by multiplying their volume i co by 385,

To cnsure accurate identification of chirenomid larvae,
it was necessary to prepare slide mounts, as described by
Curry (1961), of the larvae and their severed heads,
Several mounting media were employed, but the use of
“Fuparal’ as described by Johannsen (31937 for mount-
ing of MNematocera was most efficient.

Representatives of each genus of chironomids were
sent to Dr, LaVerne L. Curry of Central Michigan Uni-
versity for confirmation of determinations.  Gastropoda
and Sphaeriidae were sent to D, Henry van der Schalie
of the University of Michigan Museum of Zoology for
conficmation.  The oligochaetes encountered above Dam
19 fragmented excessively in alcohol and could not be
positively identified by the author, Representatives werc
sent to Dr. Ralph () Brinkhurst of the University of
Toronto for identification. Many Ephemeroptera and
Trichoptera had been previousty identified by Dr. H. H.
Ross of the Iflinois Natural History Survey, My, Thomas
Thew of the Davenport Pablic Museum, and Dr. € R
Fremiing. Al other crganisms were identified only by
the author with existing keys and other descriptive litera-
ture.

Annotated List

in the foliowing lst of organisms, an asterisk indicates
those coliected only rarely, Numbers taken at each sta-
tion and dates are given in the thesis on file in the lowa
State University library (Carfson 1963).
PMlatyhelminthes

Turhellaria

Planariidae* only 1960, Most specimens probably

passed through screen.
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TasLe 1.

Approximate location pf sanmding

areas and ranges of wate

REPORTS

t depths encountered

Approximate Approximate Ranges of
mile number Approximate distsnee from water
on the Upper distance sbove eastern bank depths
Sampling area Mississippi Dam 19 of the river encountered
Ao 364 .5 U.40Km 275m 1.2-1 5m
B 365.0 .80 550 1.1-1.4
Do 365.2 1.13 30 2.0-2.3
Do 365.3 1.29 550 1.1-1.4
E 365.8 2.00 136 | 1.4-1.8
B 366 .4 4.35 275 E 1.4-17
o 30666 4.67 275 i 1.2~1.5
Heooo 36,4 4.99 135 | 147
e e B e L S o
Annelida that Cecetis could haye been as abundant in
Oligochaeta

Tubificidae relatively  abundant 5] stations.  The
maximum was 308 oligochaetes m? at one

staticn in Area B in July 1960,

Branchiureg sowerbyi Beddard, This species frag-
ments in alcohol, making eounts and identi-

fication difficult.
Limnodrilius hofmeisters Claparede
Unideatified species*
Hirudinea
Glossiphoniidae
Helobdella stagnalis (Linne)
H, nepheloiden (Graf)
Glossiphoniy complonate (Linne)} only 1960,
Placobdelln montifera Moore*
Erpobdellidae
Erpobidella punctaia {Leidy)
Unidentified species®
Arthropods
Insecta
Plecoptera
Perlodidae*
Ephemeroptera
Ephemeridae
Hexagenia spp.
Pentagenio wittigera (Walsh)* only 1960,
Caenidae
Caenis sp. only 1961,
Baetidae
Tsonychip sp.* only 1960.
Odonata
Gomphidae
Gomphus sp.
Coenagrionidae
Lschmura sp* only 1961,
Hemiptera
Corixidae only 1961,
Megaloptera
Statidae

Sialis sp. infrequently collected by dredging, but

sbundant near the river bank.
Trichoptera

Leptoceridae
Oceelis sp. b {of Ross 1944}, larvae and pupae
were coliected only i July and August 1961,
Because it seems unlikely that these were
suddenly mtroduced into the area after June
1961, the author believes Occetis may have
been erroneously overlooked during previ-
ous sampling periods. The portable cases of
Oecetiy could have heen mistaken for small
bits of hellow plant stems. It is also wnlikely

1960 as in 1961 and gone unnoticed through-
out the summer.
Hydropsychidae
Potamvie Agve (Hagen)* only 1960,
Chewmatopsyche campyle Ross* only 1960,
Psychomyiidas
Newreclipsis sp* only 1960,
Coleoptern
Elmidae
Stenelmis sp.
Diptera
Chironomidae
Pelopiinae
Coclotanypus sp.
Pentoneura sp,
Procladins sp.
Pelopia sp. only 1961,
Chironominae
Tendipes plumosus (Linne)
Crypiochironomus sp.
C. digitatus {Malloch)
Stencchivonemus 5p.
Polypedilum sp.
114‘1'.:701‘6?15!’-1}&6; sp.* only 1060.
Tanytarsus sp.
Unidentified species*
Culicidae
Chaoborus sp.*
Ceratopogonidae
Palpomyia $p.
Tabanidae
Chrysops sp.
Crustaces
Amphipoda
Hyollela azieca (Saussure) only 1961,
Isopoda
Asellus breviequdus Forbes only 1960,
Decapoda
Orconectes virilis (Hagen), not taken by dredging
but in fish traps in the area.

Mollusca

Gastropoda

Viviparidae
Campeloma sy, {probably C. decisum young)
C. decisum Say
Lioplax subcaringta Say
Fiiparus intertering Say

Amnicolidae
Somatogyrus depressus Tryon, most abundant in

August 1960 when 291/m? were collected at

one station in area H, Muck less abundant
in 1961,

Ecology, Vol 49, Mg g
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TasLe 2.

REPORTS

Average numbers of prganisms/m? in each
area, by months

l Over-
A B Q b E r G i all
Hezngenia
June 1960 son | 295 | ssp ) a64 | 4181 628, 8R4 ) gaq | B8
1961 4n 1 97 | 1144 | 8| 32| 183 | 457 | as | 282
July 1960 opg | 287 | s77 | 2o | 267 30| 487 | pgg | 338
1861 5 0 a8 0 o] @y W |
Aug. 1960 6! 8| 198 50 87 501 42| 119 g2
1961 9 i & gl 16 5 5 ! 5 5
Tendipes
Fune 1060 0 ¢ il [ 0 ] 0 o ]
1061 247 ¢ 140 3052 ¢ 0 5 0 0| 708
July 1940 1 0 I 0 0 1 9 s 0
1961 1] 167 2g o ¢ 0 0 91 2
Aug. 1960 3 1 )} 1 \ i 0 0 0 1
1961 wl 82l g U 8 0 0 al 18
(oelofanypus b
June 1960 i 5l 41 300 91 32 83| g ¥
1061 162 28 50 38 I Bi l 54 86 l 18 [
July 1980 g W 4] 1) 81 oWy ol o B
1961 0 5 l i 11 32 51 11 M 9
Auvg. 1960 6| 20 gl o2 \ 6 72l wy g A
1961 g ] ol 48 % 1y gzl o8] 5] M
|
Leeches ! ‘ _ i | ]
June 1960 4 ) 2 8 3 i 2 \ 3 1 Oy ot 4
et 1 1 22 08 i sloap o4y oy
Juiy 1960 l K w i l 12 \ i1 22| 8 } 5 I 12 g
1961 0 3w 27 3L 6y o1 l g1 30
Aug. 1960 13 poa2 g5y 18 l 46 ] 17 | w| 9] 2
1961 ﬂ 27y gzt B9 4 59 1 16 1 ny gy %
!
Splaerium 1 L ! i ‘ ; \ \
fransuersuin 1 I | l i
June 1950 330 | 1838 ¢ an 2030 l 1814 | 607 | 4090 | 2518 1657
1061 | o7a4 ; 3483 1 g3y ¢ p1F3 [ 008 [ 3858 | 2T 2940 1752
Tuly 1980 246 \ 1622 k sq2 | 2384 | 1368 1 1274 § 3707 | 4g43 | 1927
1961 4704 aal | gyy | 1530 | 2223 | 3088 1 2520 l 51 | 2097
Aug. 1966 33z | 3900 | q184 | 4862 \ 2518 | 4340 1 4766 1 7870 § 3677
161 | 1702 | 1243 \ a1 | 823 | 1582 | 1ol k 2475 | 2088 k 1527
Campeloma s ] ] ﬂ
June 1980 2wl sl 22y o0p 17l o
1961 2 l o | 48| 86| 9 } 54 1 i
July 1460 26 63 b 806 20 40 39
181 890 jpe ) T8 887 a8 m 48 \ 8
Aug. 1960 B5 1 gy| 24 4B 48 o5 | 46
1961 431 e | 651 8] 32 ma a3l 02
Other
Chironomids
June 1060 14 5 \ 27 8 28 4 13
1661 51 178 5 U 2z M
July 1950 451 4] 8 W/l o6 '*J pp |
1961 DS ] & 91 B 2} #6
Aug. 1960 ab{ gzt S0) 18] 3w 6- 30 [ B
1963 231 10} 19| 48| 48] 48 124 | U8
Orcetis
June 1661 5 0 b 0 0 il 0 1
July 14961 54 15§ 16! 7 EREETER ST w7
Aup. 1961 1 ¢ 5 kS 1] 1] 1 5 5
{ither \a \
Arthropods \ : t
June L) 1 l 3 0 3 1 l 3 \ i 3 2
16 i bl l 1 i 0 i i} g 0
HOMEL 1 1 Lty 2 3 g3 3 3
B I | s ol o] o) 3
Asg 10686 § 1 | & 1 3 o 1 0 2 2 7
1461 l 5 1\ 8 % 5 \ i 4 5 [ 5 2
i ' }

165
Tasre 2. {continned)
Ower-
B ¢ i E all
Ohoohaﬂ :
June 1950 wal wel 38 129 sel oroel TE| AR B
1961 (187 118 ] 3% 1451 61| 133 | 88 113 | 105
July 1060 00 | 240 51| 184 300 e 2 3] 96
1661 ag | el B0 3% 0] B0 321 81 55
Aug. 1066 126 | a7 E 481 18 ; B9 91§ WA 60| 1S
1061 B4 27 PER TS T S N 4 % | B3
Other !
Mollusks
June 1960 i 17 Ml o] ws| | I 3t
1961 3y 22 43 38 W oe2| mB} 48 39
Tuly 1960 k1 17 it 1z o om 360 35| %
1951 FECTI T S * I H 540 ast 48| B 65
fug. 1980 21 sl sl exdl el i el 1071 182
1961 g1 er | 1wasd 1] @se | 12e| 240 183 | M4k
All
Organisms
June 1080 | 1101 | 2210 | 1041 | 2623 | 2965 | 1356 | 5216 | 3403 [ 2481
1961 5610 | 25e | 5000 | IBR2 | GGy | 3342 2073 | 2637 | 3101
July 1860 612 | 9097 | 1146 | 2408 | 1840 § 1SI9 | 4372 ] 5004 | W
1861 1 so5h | 3773 | 1668 | 1943 ] 2678 | 4280 | 2VF2 4763 | 4383
Aug. 1960 562 | 4468 | 1545 | 5278 | 2064 | 4636 | 5418 | BOGG | 4120
w61 bo2do7 | 1502 ¢ 700 | 1ERG [ 2110 § 841§ 2082 | 257F | 1940
Overall 2006 | 2705 !E 1866 ¢ 26us | 2154 | 2904 ] s4rd ; 421 | e

S subglobosus Say (Mrgella of Baker 1928a)
Awnuticola binneyana Hanuibal
Physidae
Physa sp.
Pleuroceridae
Pleurocers sp-
Pelecypoda
Sphaeriidae
Sphaerivm transtersion {Say), the mast numerous
prganism and the only one collected at every
station on every collection date. A maximum
of 12,131/m? was estimated at one station
in aren Hoin Augast 1906,
5. striatinaom (Lamarck}
Unionidae
Cuadrulo sp.
0. guadrula Rafinesque
Actinonetas sp-
Anodonfa sp.
A imbecillis Say (Utterbackia of Baker
only 1960
Lampsilis sp.* only 1961
Awblema sp? only 1960,
Lasmigona sp* only 1961
Leptodea sp® only 1961
Truncille sp.* only 1960,
Seasonal and Area Foriaton in

1928b)*

Abundance

Although the sampling areas were similar in most
enviranmental conditions, the benthic communities dif-
fered somewhat in species composition and in total ntm-
bers {(Tahle 2, Fig, 13, Populations were usually high-
est in arcas H, €& and F, the three farthest upstream.
Dense populations of Sphaerium lransversun were re-
sponsible for much of this, but Hexagenia were also

asuzlly more abundant in areas I to H than in the other
areas.

Area C, which had the lowest popuiatmn of Sphaerinwm,
had the greatest variety of molluscan species.

This area
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1960

SCALE

S oRGANISMS PER  SOUARE METeg

Fig. 1. Percentage composition of the benthos at arens

Ecology, Vo, 49, No. g
Was near the moyrk Gl a smal! trilautary stream
a bit more carrent thun the other areas.
Insect populations, which dectined during the Slmne
nromthg, generally controle the abundance of afl orga.
fisms at arens A through ¢ At areag farther from the
dam, molfusean popalations dominated “the benthog and
maintzined  their abundanee throughout the
SEIVINE {0 provide more stable populations.
Hexagenig naiads were generally much more abundant
in 1960 thag in 1961 throughous the study areq. Herg-
denin were more abundant iy 1966 and 1962 in Popoj 15
than in 1959, 1961, or 1963 (Carlandcr, Carlsen, (
and Wenle 19677, it was estimated that the entire pogl
had 187 billion naduds in June 1960 compared to 6.7 pi.
liom in 1961, Naiads were, however, more numerous in
Timie of 1961 thun n June 1960, ut arey C. .The decline
in Hexogenig in June 1961, a4 compared with early 1960,
Was more pronounced ¢ sampling areas near Dam 19
than at the part of the study aren farthest from the dam
(areas G and )., Iy both 1960 ang 1961, o decrenge i
Hezagenty populations through the summer was obseryey
at all satpling areas, the result of emergences through-
out the summep months, There Was 4 notable paucity of
naiads iy August 1961,
In 1961, whern Hexagenig populations were lower,
populations of chironomids ang some other benthie qf.
ganisms generally  were higher: Tendipes Plumosus,
rarely found in 1960, became the maost alundant organisim
at areas A through C, Although Tendipes appeared to
he filling in where Hexagenia were absent, large numbers
of both Hewvagenia and Tendipes were found in ares ¢
n June 1961 At areas abgve C, Tendipes wias seldom
collected, and thers Was . an increase in numbers of gthey
chironomids i 1961, Coelotanypug and Stenpelironomu
were the dominant chirenomids gt areas above C in 1960
and 1961, )
The caddisfly, Occetis) was refatively abundant in 1951
at was scare, if not absent, in 1950, Physa wag collected
frequently i 1961 but only once in 1860, .
Several chirenomids {Stwwdiz'f'mmmm, Cryptochirou.
mis,  Procludiys, Pentanurg gng P
Bumerons in July and August thap in Jupe before the
He.mgem'a, Tendipes ang Coelot‘mw;ﬁrrs emerged.  Leeches
(Heloba’e![a) and snails (Somaiogj’rw, Fhysa and Lio-
Plar) were ajse more abundant ip Jaly and August,
These increases as other forms emerged may indicate
eflicient use of the available habitat,

and faq

sUMmerg,

Discossioy

A limited study of Lake Keokuk (= lower Pogl 19}
wis made in 1630 by Eilis (1931}, The bottom famma in

silted areas of the main portion of the Jgke consisted
primarily of -

oL shudge WOrms, blﬂodworms, corethra, 5 fow
snails of the pulmenate Eroup, tiny hivalyes of the
genuys ﬂi"-r.zsculium-, and several species of leeches |, »
(p. 8.

“At a few stations in the lake the larvae of the
large May flv, Hexegenig® (Sic) “were taken, af-
though this Species wag Very much more abundant
upriver than in the Iake proper,

“Sl.ll;:nl;lz'z'zixl;: the hottom fauna of the lake as 4

whole as shown by a large number of hayl dredg-
AC anel (G oin June, July and August, 1960 and 1961,

L Hexagenia 2 Tendipes, 3. (.'z'mhzsJmaypw, 4. other chi.
ronomidy, 5, Cecetis, 6. other arthropods, 7. oiig(:ch;ietcs,
8. feeches, 9, Sthoeyium franszersun, 10, C'amju-"?cmr(z, 11.
other molusks.

elopia}  were more

e .

&
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Fic. 2. Disgrammatic representation of the probable nutrient and encrgy flow in the biological community
of mud fats along the eastern shore of the Mississippi River above Dam 19, Keokuk, fowsa.

ings, and samplings during the menth of July, 1930,
the fauna was found to consist almost entirely of
those forms tolerant of low oxygen conditions and,
therefore, forms which have come to be regarded as
indices of a polinted or biologically unfavorable hody
of water. The once abundant beds of fresh-water
mussels which were worked commercially in the
region now covered by Lake Keokuk before the
crection of the dam have all disappeared.”

The major elements in the benthos show little change
from 1930 to 1960-61. Since the 1930 samples were taken
only in July, Hexagenic may have already emerged and
this been anderestimnted.

The henthic commmity in Pool 19 corresponds closely
to that defined by Gershacher (1937) as the Hevogenia-
Musculhon=-F iviporns community characteristic of the cli-
max i large rivers.

3 the busis of food habits described In the literature
and observations in the study area, the principal channels
in nutriert and energy fow are tentatively diagrammed
(Fig. 2}, With the exception of Tendipes sp., all of the
masy abundant organisms collected were detritus-feeders.
In general, strictly herbiverous, ommivorous and car-
nivorous organisme were less abundant.  The number of
genera classified as consumers of defritus also greatly
exceeded those otherwise classified.  Detritus seems to he
the major source of basic foud of this henthic compmunity,
wndicating the community probably depends heavily on
orted material.

The benthos docs not indicate pollution damage as
swevere as some other areas of the Upper Mississippi
lli"rt‘*miinp; 19643, Among the dominant benthic orga-
nigmy coliected at Keokuk were the following considered
by Richardson (1928) s pollutional: Limsedrilies hoff-
sarstert and Tendipes pheomosus; as subpoliutional, Sphae-

riwm tromsversin; and as clean water species, Herogenia
billncote. Other less abundant organisms taken at Keo-
kuk are representative of conditions from subpollational
to clean water. :

Studies of benthos of the Mississippt just below Min-
neapolis-St. Paul  (Wiebe 1927) and in Lake Pepin
{Johmson 1929, Tohmsen and Munger 1930) indicated
sigmificant poilution before 1930, Tendipes, tubificids and
sphaeriid mussels had become quite abundant, and may-
flies were scarce or absent. Collections taken above
Minneapolls and helow Lake Pepin {Wiehe 1927) were
maore similar to those taken above Dam 19, In lakes
adiacent to the Mississippi near Quincy, inois, Dorris
(1958Y {aund benthic communitics quite different from
those encountered in the study area near Keokuk, The
fakes yielded far greater numbers of organisms per unit
aresn than the study arca.

Few studies of benthos of other large, lowland rivers
are available for comparison with the study area. Mis-
sissippi bottom fauna above Dam 19 resembled that of
comparable regions of the IHineis River, before it began
10 receive mcreased sewage poliution {Richardson 1921b}.
The study area was more productive (on the basis of total
number of organisms collected per unit area} than all
take, channel and shallow-water areas studled by Richard-
son, with the exception of the region hetween Liverpeol
and Havana, With the advent of increased sewage pollu-
tion in the Tlinois after 1913, similarity to the study area
dectined as moliusks and most arthropods decreased in
abundance, and tolerant oligochaetes and chironomids be-
came more namerous { Richardson 1921a).  Richardson’s
final tabulated data show numbers of organisms per unit
area at many collection sites on the Illinois far surpassed
those collected at the study area, and that they were
largely composed of tubificids and sphaeriids (Richard-




168 REPORTS

sen 1928).  Evidence of slight miprovement in witer
quality in the Hlinois m 1925 was reported by Richard-
sonn (1928). Paloumpis and Starrett (1080, reported,
after study of organisms collected 0 some of the same
flood-plain lakes stadied by Richardson, that conditiong
had further improved since 1925, Mast of the Organisms
colfected at {he study area were alsa taleen in these Takes
adjacent (o the Minsts, hat the latter  contained far
greafer densities of oligochactes and more organisms per
it areg.

Berncr (1951} found that the fower Missours River
harbored very Tittle henthos and atirifugted this to high
wrbidity and current velogity, Dipterous larvae (mainly
chimmn11i<_is), trichopterous Tarvae andd agnatic annelids
were the only important constituents of the benthos,
Only 750 arganisms  were  collected in 130 Petersen
dredge-hayls between April and October 1945,

Few guaniitative studics of benthos of farge lowland
rivers of Europe are available for comparison with the
impounded Upper Mississinpi. Behning {1928 veported
that mud sedirents of the Volga River in Russia con-
tained at least 300 organisms/m?, far below the avernge
(2924) collected/m? near Keokuk. Bays and sicde-chan-
nels of the Volga had thicker mud deposits and harbored
an average of 400 individualg /ma2. Taxonomic COMpPO-
sition of the henthas above Dam 19 was more similar to
that of the bays and side-channels of the Volga than to
that of mud sediments of the river.  Mikulski (1961
collected up to 1630 individeals /m? of sediments from
habitats behing regulating dams an the Vistula River in
Poland, Chironomidae Uineluding Tendipes Plumosus),
oligachactes and mollusks were the most abundant Broups
collected.
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Absiract. Adults and larvae of the Oriental Hornet {Vespa orientalis F.) have been fed
on Clelgheled protein, derived from Chlorella, in order to determine to what extent such
protein may be converted into carbohvdrates. Only larvae were found capable of converting
the labeled protein. Products of this comversion were the sugars glucose, fructose and sucrose,
and also tri- and tetrasaccharides as yet unidentified, Tt is sugpested that this ability of the
larvae to carry ount gluconeogenesis and the subsecuent transfer of the formed sugars to the
adults (in saliva droplets} may play an important part in the adult-larva interrefations of

variots insect socleties.

INTRODUCTION

It is a well known fact that the intact body of animals
is capable of converting a great variety of compounds
into glycogen, IDructose, mannose, galactose and gly-
cerol are among the active precursors in such reactions.
That the ingestion of proteins by vertebrates results in
increased glycogen content of the liver, a subject of
controversy in the early part of this century, is now gen-
erally accepted (Krebs 1964). It is also now recognized
that ghiconeogenests from protein is dependent on the
gluconeogenetic properties of the individual amine acids
which make up the protein molecule.

The ability of the insect fat body to inferconvert me-
tabolites is well demonstrated by the works of Clements
(19597 and Hines and Smith (1963} in which locust fat
body was incubated with laheled glycine, leucine, acetate,
glucose or succinate, leading to the formation of a wide
range of labeled products, including Krebs-cyele acids,
amino acids, sugars and fats. It has been observed by
Rursell (1963) that in flying diptera, eg., tsetse flies,
profine is rapidly removed from the circulation, thus
suggesting conversion of the amino acid to carhohydrate
Furthermore, Lipke #f al. (1963) have proved that a
high rate of conversion of proline to trebalose charac-
terizes the intermonlt period in Peviplonela americana.

The present communication is intended to contribute
to an wnderstanding of gluconeogenesis in insects. We
considered it of interest to determine whether there were
differences in this respect bebween the adult and larval
stages, especially in insects in which these stages main-
tain constant food-exchange relationships (trophallaxis}.
Such exchange of food materials is known to exist among
hornets. 1t has been shown by Wheeler (1928) that
adults feeding the larvae obtain from them a drop of

*This work was supported by a grant from Mif'al
Hapais, Israel.

2 This paper is patt of a Ph.D. thesis being carried out
by T. Ishay at the Tlebrew University of Jerusalem wnder
the supervision of Prof. A. Shulov,

saliva in return. A similar phenomenon exists alse among
ants, where the adults censtantly lick the hodies of the
larvae, as well as among termites. .
Brian and Brian (19523 who studied trophatlaxis in
colonies of Fespule syloestris, maintain that “larvae do
secrete sugar, notably glacose, but in such dilate concen-
irations that the solution in itself is not attractive to
adults.” They therefore conclude that “the glucose ap-
pears to have ne social significance. It may he a vestige
of an earlier stage in social evolutien, or perhaps a co-
enzyme, or merely an upavoidable leak.” Montagner and
Courtois (1963} observed that hungry workers in hornets'
nests do require food from the larvae, but that this phe-
nomenon is not of primary importance for the mainte-
narce of the colony. Montagner (1964) further notes
that the males are incapable of feeding by themselves and
qubsist solely on food provided by the larvae Ishay
(1964) observed that the males tend and also feed the
larvae, and are in turn fed by them. Morimoto (1960)
has verified the fndings of Brian and Brian (1952) by
feeding radioactive 132 to Polistes larvae and examining
their sccretion at successive time intervals. No activity
was noted during the first 30 min, but aiter 3 hr the
radicactivity of the larval saliva reached 3 MAXITUIL
Adults examined after contaci with treated lnrvae showed

“yariable radioactivity, thus confirming the passage of

saliva to adults.  Maschwitz (1966} also reports that
“the farval saliva is highly nutritious, containing abowt
0% sugars and considerable quantitics of aming acids”
Tlsing radicactive tracers, this author discovered that only
4 few of the larvae serve as a source of the Hquid and
that only these provide saliva for the entire commumnity,
including other larvae which had not heen “marked” for
this function.

In colonies of Fespe erientalis grown under laboratory
conditions, it is possible to observe the food exchange
between the adulis and larvae.  Such food exchange is
especially noticeable on rainy autummn days when the
hornets are unable to forage for outside food. They are
then chserved to pay freguent visits to the larvae, tickling




