- Originel: Fish Division
ce: Mr, Ruhl
Mr, Loutit

¥r, Fortney

INSTITUTE FOR FISHERIES RESEARCH
DIVISION OF FISHERIES
MICHIGAN DEPARTMENT OF CONSERVATION
COOPERATING WITH THE
UNIVERSITY OF MICHIGAN

A. S. HAZZARD ADDRESS
DIRECTOR . UNIVERSITY MUSEUMS
July 21’ 1937 ANN ARBOR, MICHIGAN

REPORT NO. 426

TROUT FOOD SUPPLY IN THE PINE RIVER, LAKE COUNTY

A recent decision of the Conservation Commission to develop extensively
the recreational potentialities of the Pine River in Lake County made it
desirable to investigate, from various amgles, the suitability of this stream
for heavy trout production. One of the questions immediately arising was
that concerning the avaeilable food supplye During the first week of Jume,
1936, the writer examined rather thoroughly that section of stream lying
between the Walker Bridge (just below the holdings of the Ne-Bo-Shone Club)
and the abandoned Lincoln Bridgee

The streem was first cruised with a view to ascertaining its general
character, <Cuantitative bottom samples were then taken in each of the
dominant bottom types to determine their comparetive productivity of trout
food orgenisms,

It was observed at once that the extent of sand bottom greatly exceeded
thet of all other types combined. Very little coarse gravel was found,
and moderate to fine gravel occurred rather sparingly, usually restricted
to riffle areas. Bars of silt and muck, supporting growths of emergent
aquatic vegetation (especially White Water Buttercup), existed wherever

quiet water areas neer shore permitted their development,
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One of the most striking bottom festures presented by the Pine River
is the hard-pan clay ledges, which are of frequenmt occurrence throughout
the region exeamined. These ledges are very sharply defined, often appear-
ing at first glance to be old concrete structures. A deep pool is usually
formed along them, and since they are often undercut, excellent "hides"
for tfout are creeteds The top of the ledge is usually rather near the
surface of the water, almost flat, and covered with smell slabs of clay
loosened by the current. It is commonly thickly dotted with small,
thimble-like depressionse These holes, and the loosened cley debris, offer
the only suiteble harborage for food organisms on the ledges.

Four quantitative bottom samples were taken, as follows: (1) Gravel
0425 €0 1,5 inches in diameter mixed with sand to the extent of 30%
(estimated), water 6 to 8 inches deep, moderate current; (2) permanemt bar
of mck and sand, estimated proportion 40% muck to 60% sand, bar bearing
a sparse growth of White Water Buttercup, water 8 inches deep, slight cur-
rent, no shade; (3) permanent bar of muck and sand, estimated proportion
80% muck to 209, sand, bar very deep and stable, dense growth of White Water
Buttercup, water 10 inches deep, slight current, shaded in forenoon;

(4) ledge of hard-pan clay, top covered with clay debris in form of small,
thin slebs, and densely perforated with small depressions 0425 fo 1.5 inches
in depth, water 4 to 6 inches deep, moderate to swift current, shaded in
early morning and late afternoone

Tabuletions of the amount and varieties of food orgenisms present in
each of these bottom types are eppended at the conclusion of this report,
It will be noted that the gravel bottom (Table 1) proved to be the most
productive of any of the types sampleds This is in accordance with find-
ings derived from other streams sampled in similar feshion., The large
amounts of mayfly nymphs and caddisfly larvae produced by the gravel indicate

the desirebility of increasing the total area of this bottom type wherever

practicables
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It is of interest to compare Tables 2 and 3, While the total volums
of invertebrates obtained from the densely-vegetated bar of deep mck
greatly exceeds that produced by the sparsely-grown bar of shallower muck,
in which sand was plentiful, 3 of the 3,175 cc. of organisms recorded in
Table 3 are Tubificid worms. Although the direct value of these worms %o
trout is not yet fully understood, there are grounds for belisf that trout
feed upon them very seldom, and that their chief importance lies in their
position in the food cycle of other invertebrates in the stream, thus
meking them only indirectly useful tc troute. If the Tubificids are sub-
tracted, the sparsely-grown bed of muck and send becomes the more proe
ductive of the two, Studies on other streams have offerred increasing
amounts of evidence that thinly distributed growths of vegetation, even
when oceurring on bars almost purely sandy in composition, mey be more
productive of such 'preferred items of trout food as mayflies, caddisflies,
end midges, than dense weed beds growing on thick bars of muck and orgemic
debris,

The clay ledge sample (Table 4) revealed a fair production of mayfly
nymphs, but only a small amount of caddisfly larvae., Practically all of
the invertebrates found in this situation either clung to the under side
of loose clay debris or sought shelter in the numerous small depressions,

Rendom samples taken in shifting sand at various points demonstrated
the uniform sterility of this type of bottome Only where debris of wvarious
sorts had accumulated were food organisms found in significant numbers.

It is to be regretted that the supply of shifting sand in the Pine River
is being constantly increased by erosion of high sand banks, and by the
movements of free-ranging cattle along the edge of the stream,

A most productive feature of the stream is the submerged logs (meny
of which are "deadheads") and trees, which are of frequent occurrence in

the section investigasted. Although it was impossible to sample these
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situations in such a memner as to give results directly comparable with
those listed in the tables, it is believed that the invertebrate fauna of
such objects may often be richer than that produced by gravel riffles,
Aquatic insect larvae were found to be exceedingly numerous on submerged
timbers, particularly so where bark remained on the logs, or where moss
(Fissidens spe) grew in quantity. Most abundant forms encountered were

mayflies (species of Paraleptophlebia and Ephemerella) and caddisflies

(hydropsychids and limmephilids), All of these species are food organisms
mich favored by trout,

Seining operations conducted by members of the Institute staff
indicate that the Pine River supports a rather large crayfish population,
these being most numerous in the gravel sections, but of general occurrence

throughout the stream., Only one species, Cambarus virilis, was encountered,

At a point just below the Lincoln Bridge a short sweep in to shore with
the seine took five crayfish, while near the Carpenter Bridge a similar
haul ceptured fifteen,

Comparison of figures obtained from analysis of the Pine River samples
with those secured on other streams studied by the Institute indicates
that food production of the various bottom types sampled is satisfactory,
It should be borme in mind that these counts were made at a time when many
aquatic insects had transformed into the adult stage. It is therefore
probable that analysis of samples collected in March or April would reveal
a much larger volume of food organisms. Examination of the stomech contents
of a few trout (rainbow and brown) taken by engling near the collecting
stations showed that they had been feeding almost exclusively on the surface,
the most numerous organisms being adult caddisflies and mayflies, and
miscellaneous terrestrial insectss

During the summers of 1928 and 1929 Dr. Jan Metzelasr examined the

stomachs of a number of brook and reinbow trout from the Pine. The results
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of his exeminations are listed in Teble 5. It will be seen that in the
case of both speecies, lend insects, aquatic insects, and forage fish made
up the bulk of their diet, with crayfish and sneils making up only a
small percentage of the total,

Table 6 lists, in somewhat greater detsil than the above, the stomach
contents of 3 rainbow trout teken by an angler whem fly-fishing in the Pine
on May.Z¥, 1937, Table 7 presents results of exemination of stomachs of
3 small brook trout teken when seining for crayfish during the first week
of June, 1936,

Although food produetion of the various bottom types sampled appears
to be adequate for the support of e sizable population of trout, the total
area of these types is mmch less than thet occupied by relatively barren
sande It is probable that the installation of 8lmost any kind of stream
improvement devices, whether of timbers or stone, would result in a marked
increase in the total supply of trout food organisms in the area studied.
Whether such an increase is necessary and worthwhile camnot be stated be=-
cause of the inadequate state of our knowledge concerning trout food re-

qQuirements,

Summary

l, Such trout food organisms as mayflies, caddisflies, true flies,
crayfish, and snails are present in adequate quantities in the Pine River
where gravel riffles, weed beds, clay ledges, or submerged logs and
driftwood occur,

2¢ The dominent bottom type is sand, which is very unproductive,
unloess bound in place by vegetation or partly mixzed with muck or organic
debrise

3s Erosion of the stream side, both from high sand banks and through

trampling of banks by free-ranging cattle, is contributing to further
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impoverishment of the trout food supplye
4, Installation of stream improvement devices, constructed of either
timbers or gravel, should result in an increase and more uniform distribu-

tion of trout food orgenisms,

INSTITUTE FOR FISHERIES RESEARCH

By: Je W. Leonard
Aquatic Biologist



TABLE 1

-la-

Moderate to fine gravel, 0,25 to le5 inches in diameter, mixed with sand to extent
of 30% (estimated), water 6 to 8 inches deep, moderate currents

Organism

PLATYHELMINTHES
Turbellaria (Free-living Flatworms)

Planariidae =« = = = = = = = = = = =

ANNELIDA
Chaetopoda
Lumbricidae (Aquatic Earthworms)

MOLLUSCA
Gastropode (Sneils)
Pleuroceratidae
Goniobasis livescons = = = « = = =

ARTHROPODA
Hydracarina (Water Mites) = = - - =

Insecta
Ephemeroptera (Mayflies)
Heptageniidae =« « =« =« - - - =
Baetideae
Ephemerella fuscata = = « - « -
Ephemerella needhami = -« -« -- -
Tphemerella septentrionalis ~ = -
Ephemerella cornuta = - = - - -

Paraleptophlebia spey = = = = - =

Coleoptera (Beetles)
Dryopidae = = = = = = = - = = - -

Trichoptera (Caddisflies)
Hydroptilidae = = « = = = = - <« -
Philopotamidae = = = = = = = = = «
Hydropsychidae

Hydropsyche spp.
Sericostomatidse

Brachycentrus Bpe = =~ = = = = = =
GeNlS § = = = = = ~ = = = = = = =
Genus 7 = = = = = = - - a - a -

Diptera (True Flies)
Tipulidaee (Craneflies)

Chironomidae (Midges) =
Simliidae (Black Flies) =
Rhagionidae (Snipe Flies)

No. of Noe. of Volunme
Species Individuals in cce
l c-ceee 1l eeeew-- 04050
1 ™ W = w - 1-- ----- 0.025
l e e ew 22 ameae. 4,800
l] e cmee 2 weeee- tr,
l o - - .- I T tr.
l -=-=--- 8 )
1l - - - -- 1)
1 -—e---g8)~""""- 04300
1 =-=-=--=- 31)
l - e - 25 =« =« = = - - = 0.100
16 adults
1 =-=-- 3 larvee ) - tre
l - =--- 51 pupae - - - 04050
I 4 pupee - = - - 0,025
2 - ---- 2l = = =« = = = - 00200
1 ecceome 14 ecana=-= 0,150
2 - - = - 15---- - - 0.050
l = --- - 36 pupae = =~ = = 0,300
3 @« = » = =~ 13 larvae
2 pupese ) = = 0,050
l] ccene 10==a=a=-= tre
1 - = - - I - tre
l] e e c e 25 === 0,600
Total volume, 1l 8qe fte,~ = 64700 cCo



TABLE 2

Permanent bar, estimsted composition 60% sand, 40% muck, bearing sparse
of White Water Buttercup; water 8 inches deep, no shade,.

growth

Noe of Noe of Volume
Organism Species Individuals in cc,
ANNELIDA
Chaetopoda
Tubificidae (Tube-~forming agquatic
ea.I’bhwoms) - - - o - 1 ----- 157 - m = = o 0.150
¥OLLUSCA
Gaestropoda (Snails)
Pleuroceratidae
Goniobasis livescens e =« o « = = 1 - == 14 o = a = aa 0,700
ARTHROPODA
Hydracarina (Water Mites) = = = = = l == === 8 = =w === tre
Ephemeroptera (Mayflies)
Ephemeridse
Baetidae
Ephemerella needhami = = = = « - = l ac-c=-w 12)
Ephemerelle invarif = « = =« = = = l e = 3) wwe=ma 0,100
Ephemerella cornutf = = = = =« =« - l == 1)
Odonata (Dragonflies)
Calopteryigidae
Calopteryx maculatf e« = = = = = = l «ac=a-=- 2 = =« awa 0,050
Henmptera
Corixidae (Water Boatmen) - = - = = l - o we- 1 @ o= === 0,025
Coleoptera (Beetles)
Dryopidae = « = = = = « = = = « = = l == l adult e -« = tr,
Diptera
Tipulidae (Craneflies) = « = = = = 2 e--aa 2 e e == 04025
Chironomidae (Midges) = = = = =~ = 3 eemma 47 = = = = = = 04050
Total volume, 1 8qe fte « = 14800 cce
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TABLE 3

Permanent bar, estimated composition 80% muck,

Water Buttercup; water 10 inches deep, slight

207 sand, densely
current, shaded in

No. of
Individuals

No. of
Orgenism Species
ANNELIDA
Chaetopoda

Tubificidee (Tubeeforming aguatic
earthworms) = = = - = 1 -

ARTHROPODA
Insecta
Ephemeroptera (Mayflies)
Ephemeridae

Hexagenlis cPe = = = = = = =« = = = 1 =
Baefi%ae -

Baotis 8Ppe = @ = = = = = =« = = - l -
EpHemerella SPe = ® = » = = = w =» l] -

Plecoptera (Stoneflies)
Chloroperlidae
Isoperla signata = = = = = = = = l -

Hemiptera
Corixidae (Water Boatmen)

!
1
1
L]
-

[}

Coleoptera (Beetles)

Dryopidae = « = = = =« = = = = = - 1 -
Haliplidee e w = =« @« = = = = = = 1 -
Dytiscidae = ~ = = = = = = = = = 1 -
Diptera

Tipulidae (Craneflies) « = « = « 2 -
Chironomidase (Midges)

Chironominge = = = = = = = =« = = 2 w

]
]
N
[}

Ceratopogoninae (Sand Flies)

- -« 45000

- = 1)
)
ceee-1) ==~
-e- - 1)
- == 1 - -
- ----3 - -
D
..... 1) --
..... 1)

-----8

28 larvae,)

= = = = = 3 pupae
- == «23

grown with White
forenoon.

Volume
in cec.

- = = = 3,000

- - e & 00025

- - = - tr.

- - © - 0.025
.- == tr,

)
}y == 04125

)

V.

volume, 1 sq. 8t,

5.175 CCo

Impossible to determine actual number, due to fragmentetion of specimens,
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TABLE 4

Ledge of hardpen clay, top covered with clay debris in form of small, thin slabs,
densely perforated with small depressions 0,25 to le5 inches in depth; water 4 to
6 inches deep, moderate to swift current, shaded in early morning and lete afternoon,

No. of Noe of Volume
Orgenism Species Individuals in cc.

ANNELIDA
Chaetopoda
Tubificidae (Tube-forming aquatic
earthworms) e = = - = ) B o wee=e tr,

MOLLUSCA
Gastropoda (Sneils)
Pleuroceratidae
Goniobasis livescens e« = = = « = = l «e = === 1 06500

ARTHROPODA
Hydracarina (Water Mites) e = = = = 2 ece=e 14 o a=e== tre

Insecta

Ephemeroptera (Mayflies)
Baetidae
Ephemerells fuscat e = « = « =
Ephemerelia needhemi = = « « « «
Ephemerella septentrionalis = =
Fphemerella cornufe = = « - = =
Ephemerella iNVarif = = = = = =

Paraleptophlebia sSppe = = = = =
BAEGtiS Bpe = = = = = = @ = = =

)
)
) == === 04350
)
)

- ==== 0,025

(I I W S
'
'
'
(O IR

Trichoptera (Caddisflies)
Hydropsychidae
Hydropsyche sppe = = = = = = = - 2 e m - 9 == === 0,050
Sericostomatidee
Brachycentrus spy = = = = = = - l e v -- 2 e =--a tre

Diptera

Tipulidae (Craneflies) e = = = = l] e cm=-e 2 larvae

2 pupae )
Chironomidae (Midges) = = « = = 3 mmeeocwe 46 c - w-e 0,050

- - tre

Total volume, 1 sq. ft., 1,075 cce



Stormach analyses made by Dr. Metzelaar, 1927 and 1928, May

Aguatic Insects

Lend Insects

Rainbow Trout (43 in number)

(Average length 846 inches)

Fish (chiefly Cottus)

Algeae
Snails

Trash

TABLE 5
to August
R -=e 39
- - e e === - - -- 32
--_--- = - - -m-aw 22
- e EmEme e » e »-- 5
...... - .- ®eme.-a=- 1
- e wowmmommee weameow = o 1

Brook Trout (76 in number)
(Average length 943 inches)

Fish (chiefly Cottus and

Rhinichthys)

Land Iansects
Aquatic Insects
Worms

Crayfish

Trash

Mollusca

Vegetation

3457
32,0

2245
445
449
240
Ot

Ol

1007
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TABLE 6

Stomach Contents of Three Rainbow Trout Taken by Angling from Pine River
May 28, 1937

Length? - = 1545 inches
Sols contents 1 Cottus (Muddler), 3.0 inches in length

Length® = = 945 inches
Terrestrial Insects = = 50%

Hymenoptera
Formicidae
Camponotus pennsylvanicus, winged femeles = = = = = = ~ = =

Aquatic Insects - « 50%

Ephemeroptera (liayflies)
Baetidae
Ephemerella septentrionalis (nymphs)

|

Colesoptera (Beetles)

Hydrophilidee (larve) e = = = = = = < - === 15
Trichoptera (Caddisflies)

Hydropsychidae (lervae) e = = = = = - ... - - 2.5
Limnephilidae (1larvee) e w = = = = = = = = = =« = w 15
Diptera

Tipulidae (Cranefly larvae) = - =
.Antoch&sp. " - e w W W W e W e e wm w™ % s @m o=
chironomidee (Midge 1larvee) = = = = = = = = = =~ =

| I |
5
3 R
Q
@

Vegetation (Alg@o) = = = = = - - e e e - 2.5,
Lengthf//- = 8,5 inches

Crustacea
Astacidae
Cembarus virilis (Crayfish) = @ = c = = =« = o = = = = = = =

Aquatic Insects = = = @ @ = o« = o = = = = = = - — = memom oo

Ephemeroptera (Hayfliss)
Baetidae

Cphemerells spe (nymphs) = = = = « = = - = - - - 5407

Plecoptera (Stoneflies)

Chloroperlidee
Isoperle annecta (8dult8) = e = @ = = & o = - - - 20.0%
Trichoptera (Caddisflies)
Fydropsychidae (larvae) = = o« a = o =« = = ~ « - ... 2,5
Sericostomatidae (larvee) = @ = w = = = o = =« = - - 2,5
i (pupee) = = = = = = = = = = = = == 2,57

Diptera
Tipulidae (Craneflies)

Limnoghila spe (edult))_ _ .07

" (pupse))
Antocha sp. (lerva) )
Chironomidee (midge larvee) = « = = @ @« = = « = « -~ trace
(continued)

w/All lengths totel

507%

60%
44,5%
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Table 6 ~ = continued

Terrestrial Insects o = @ o = @ = @ & = @ o = & = = = = -

Homoptera

Aphididae (plant lice) - . e mm e~ --aa o= - trace
Lepidoptera (moths

Geometridae (larva) = « = = = = = = = = o - 2457
Hymenoptera

Formicidae (antS) - e wm w e mem R e o= o - 2.5%
Diptera (true fli€s) e e = = = = = = « = = - 0.5



=38

TABLE

7

Stomach Contents of Three Brook Trout Seined from Pine River

June

Length? = « 2,875 inches

Aquatic Insects (nymphs and larvee) =

Ephemeroptera (Mayflies)
Beptageniidae

Stenonema Spe = = = ® = = = = = = =

Baetidee
Baetis 6P = = = @« = = = = = = = =

Ephemerelle needhami = « = = = = @ =« = = @ = = = =
Ephemerelle cornutf = « = = « = « =

Diptersa
Tipulidae (Cremeflies)

Antochf SPe = = =« = = = @ = « =« « =

1936

chironomidee (midges) « = @ @ = = « = = = = o = = «

%
Lengt = « 34280 inches

Aquatic Insects (nymphs and 18rvee) = « = = =« = = = =

Ephemeroptera (Mayrflies)
Baetidae
Baetissp.------------

Trichoptere (Caddisflies)
Sericostomatidee e = = = = = = « - =

Diptera
Chironomidee (¥idges)

larvee = = « = = = - - = - - - =

PUPEE = = = = = = = = = = - -

Terrestrial Insects e =« = @« = = = =« =

Homoptera

Cercopidae (Froghoppers) = = = = = =

Aphididae (Plant lice) =

Coleoptera (Beetles)
Coccinellidae

Epilachna sp. (larve) -
Lepidoptere (Moths)
Pyralidae (larve) e @« = @ @ « = =

Length® = - 3,375 inches
Aquetic Insects o « =« « = = - - -

Ephemeroptera (Mayflies)

Ld 10.%
- 5.0
- 4040
- 20 .0
- 540
- 20.0

10,0

15,0
160.0%

Eaetideae

Ephemerelle needhotl o« = « = @ e @ o = = = =« = =« = = 7040%

Ephemerelle cornute e = « = = 0 o - = ¢ « «a = - - - 10,0
Trichoptera (pupee, just emerging) = = = = =@ = = = = = 10,0

*Total lengths (continued)

95%
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Table 7, continued

Diptera

Chironomidae (lidges, pupae) = = = = = = = = =
Terrestrial Insects @« « = = =« = = = = = - - ---- - -~ = = -
Homoptera

Aphididee (Plent lice) = « = = = = = = =« = - = = trace
Hymenoptere
Ichneumonidee (Parasitic Wasps) e = « « = = = 5

100%
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