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FFRELING H/BITS OF TFR NORNTAME GRAYLING (Thymallus montanus Milner)

T FOSD LAKE, LICH Tcand”

Justin 7. Leonard

Fisheries investigators have long been asking themselves what
factors have been responsible for the disappearance of the Michigan

grayling (Thymellus tricolor Cope), end for the current marked ennual

diminution of the orce sbunient Montana grayling (Thymallus montanus

¥iln,) in its native waters; the grayling in each instance seeming to
fail under the effects of increasing humsn activity, and of propsga-
tion of trout, which mey be detrimental to grayling fhrough competition,
active predation, or both, This condition is a&ll the more puzzling
wher ore considers the fact that the closely related Furopean prayling
has not only survived the sctivities of humen agencies and existence
of varicus selmonid fishes in The seme waters, but persists in such
numbers as to be considered a "weed fish" Ly many englers, snd in
conseguence s:bjected to stern control measures,

On ¥ey 18, and from October 18«20, 1937, Drs. A. S. Hazzard and
Re e 7schreyer collectec small sarples of the Fontena greyling popula-
tion which was introcduced into Ford Lake, Pigeon River State Forest
(To 32 Y4, Re 1 W., Sec, 8, Otsego County, Kichiran) during the fall

of 1936, Owing tc the keen intercst with which fisherles biologists
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have been following the fate of Yontane grayling stockings of Michigen
waters, the fishes collected in the above sampling series have been
considered deserving of special study. The present report is concerned
with an analysis of the feedins habits, It is to be hoped that this
end additional studies to be carried out during the progress of the
Ford Leke experiment may yield facts with which to answer some of the
perplexing questions and speculations brought on by the failure and
probebly extinction of the native Michigan greyling.

Farly sccounts of the Michigan grayling include only sketehy
observetions on its feeding habits, but comments on its numbers seem
almost ineredible to present-day readers. Thaeddeus Norris (1333},
writing of e boat trip down the Au Sable River made in 1874, mentions
thats "On our second day we killed end salted downe=heads and tails
offw=a hundred and twenty pounds of fish [Erayling] , besides eating
8ll we wented,” Again, on the seme trip: "I took at five casts
fifteen fish [graylinéi , averaging three-quarters of a pound each,"”

Of the feeding habits, he simply states that: "The various orders of
flies which lay their eggs in running waters, and the larvae of such
flies, appear to be their only food," Parker (1889), while discussing
a vain atteirpt to take grayling spawn, states that stomachs of several
grayling teken by angling contained a large amount of vegetable material,
particularly cat grains, 2 quantity of which had been spilled in the
stream. He supggests, rather hesitantly, thet vegetation might be a
normal complement to the diet, adducing the supposed thyme-like odor
and flavor of the graylings in support of this., Hilner (1874) mentions
that stomachs of grayling teken by him from the Au Sable contained
Coleoptera, Neuroptera, and nymphs of various species of Odonata. Also

present were leaves of the white cedar, which he believed were taken by

mistake and rot selected as food,
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In 2 paper dealing with artificial propagetion of the Hontana
grayling, Henshall (1907) writes very briefly that the food consists of
insects and their larvas,
According to Heckel and EKner (1858), the Furopean rrayling

(Thymallus thymallus) feeds upon worms, snails, insect larvae, spawn,

young fish fry, and various small minnows. Dealing with the same
species, von Siebold (1863) mentions further that such seasonally
available insects as beetles, bugs, leaf-hoppers, grasshoppers, wasps
end ants are taken,

Svetvidov (1931), in an accourt of the habits of the grayling of
Lake Baikal, states that the diet of the black grayling is formed of
emphipods, caddisflies, and adult winged insects, while the white
grayling feeds chiefly upon fish and amphipods,

Since a description of Ford Lake has been given by Eschmeyer (1937),
it will be sufficient at this time to mention a few of its more salient
characteristiecs, The lake is situated in the midst of rolling, sandy
country grown with jack pine and aspen, and receives a relatively small
smount of surface drainasge., In a survey made by Mr. J. B. Schwerdt,
Project Superintendent of Camp Vanderbilt, Us S, Parks service, during
the summer of 19536, the surface area was determined as 10,66 acres, In
a survey conducted by the Institute for Fisheries Research, the bottom
in the deeper portions of the lake was found to be composed uniformly
of pulpy peat, The rather extensive shoal areass, averaging 175 feet
in width, were coamposed of sand on the north, east and south sides,
separated from the peat by a belt of marl of approximately equal width.
The maximum depth was 10 meters; slope 20-30 degrees; Secchi dise
reading 5,5 meters; pH at all levels 8.2+, At the tine of survey
(August 1, 1932) a thermocline was formed between the five and six

meter levels, There were 9,4 p.pems of dissolved oxygem at the surfece,

846 papem, 8t the bottom,
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There are appended tables recordiag the results of stomach analyses,
These give some indication of the feeding habits of the fish over a
24-hour period, They also reveal some rather unusual organism dominances.
It will rot be possible to state to what extent the diet is determined
by selection or by necessity until further information has been gathered
on the numbers and availability of foed organisms actually present in
the lake. An attempt will be mede at a future date to determine the
condition factor for the grayling, in hope of she¢ding additional
light on the adequacy of their aveilable food supply. The tabulations
of food organisms, listed by taxonomie order, are briefly discussed

a3 followss

Collectionss (1) May 18, 1937 (Table 1), This sample was taken by o
gingle haul of a 100-foot bag seine through weter from two to eight
feet in depth, over a sparsely-weeded section of shoal at the east end
of the lske. Fifty specimens were examined, ranging from 67-111 mm,
in stenderd length, average 89 mm., or approximately 3 1/4 - 5 inches
total length,.

It will be seen that well over one-helf of the diet wes composed
of aquatic Diptera, Complete tabulation of all the components of this
order is not feasible; but it mey bs stated that 48 fish contained no
other Diptera than jarvae and pupse of midges (Chironomidas end
Ceratopogonidae), while two contained larvae of the culicid phantom

midge Chaoborus (Corethra) punetipennis, Of greater interest is the

unusually large showing made by two other orders, Odonata end Coleoptera.,
The former is represented by many nymphs of the zygopterous species

Enallapgma carunculatum and E. Bageni, and by four nymphs of the ani=-

sopterous genus Tetragoneurim, The Coleoptera are represented by a
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few terrestrial dung-beetles of the family Scarabeidse, chiefly of
the genus Aphodius, By far the more numercus, however, are minute
adult dytiscid water beetles of the genus Bidessus. These insects
seldom exceed 2 mm, in length, but were present in numbers sufficiemt
to account for most of the 84,57 of total volume made up by aquatic
Coleoptera. All the mayflies taken are nymphs of the femily Baetidae,

All the Amphipoda, or scuds, have been determined as Hyalella knicker-

bockeri. In passing, it is deserving of notice that emong the aquatioc
Eemiptera teken are backswimmers of the relatively rare species Plea
striole, one water bug, Belostoma sp., and one water strider. Pest
work has shown that representatives of these three groups are seldom
eaten by fish, possibly because of their musky odor and the fact that
some are capable of inflicting painful stings,

(2) oOctober 18, 1837, evening (Teble 2). Sample, collected by
seining in shoel water at the east end of the lake, consists of 11
specimens ranging in standard lengbh from 148176 mm,, average
165 mm,, approximetely 6 3/4 « 3 inches total length,

0f particuler interest in this sample are: (a) the large number
of Odoneta nywmphs (belonging, as in each instance followirg, to the
same species of Enallegma recorded for Collestion 1), these occurring
in sufficient quantity to compose almost one-half of the totel amount
of food takeni (b) the epprecisble amount (167) of terrestrial insects,
indicating readiness of grayling of this size to feed on surface food
when it is available; and (c¢) the asppearance of plankton, in the form
of Cladocera, or water fleas, The large volume of Enallagme nymphs
is the more striking in view of the fact that at this time of year
all such nymphs are in early instars, each nymph having but a small
fraction of the bulk attained by late springs One stomach contained

85 nymphs, Fowerfully stinging beckswimmers, Notonecta insulata,
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appear in surprising quantities,

(3) October 19, 1937, morning (Table 2). The sample, collscted
by seining in shoal water at the east end of the lake, consists of
8 specimens raunging in standard length from 147175 mm., average
163 mm., approximately 6 7/8 - 8 1/2 inches total length.

In this series scuds proved to be the most important food item.
It may be pointed out that since it is probable thet the sbomachs in
this sample were filled with orgarisms taken during night feeding,
the scanty amount of terrestriel orgenisms found is what would be
expected. This is one of two collections in which two caddis larvae

erpear, Here again examples of Notonecta insulata occur in an abundance

which accounts for most of the volume aseribed to aquatic Hemiptera

in the table., Larvae of the phantom midge, Chaoborus (Corethra)

punctipennis occur in significant numbers for the first time, being

responsible for all the measurable volume of aquatic Diptera, although
larvas and pupse of the Chironomidae are present in small numbers,

One stomsch contained a statoblast of the polyzoan Cristatella mucedo.

(4) October 19, 1937, 10:15 a.m, to 7100 p.m. (Table 2), Sample,
collected by means of a gill-net set, consists of 7 individuals ranging
in standard length from 151~183 mm., average 163 mm., approximately
7 1/8 - 8 1/2 inches totsl length,

This ceclleetion is of interest for the large amount of planlkton
erd the very small amount of midge larvae and pupae taken, The aguetie
Eemiptera is sgain an important group due to the number of backswirmers
consumeds The very low volume of terrestrial orgarisms encountered
indicates that little surface feeding had been cerried on immediately

prior to eapture,
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(5) October 19, 7:30 peme to October 20, 1:00 pen., 1937
(Teble 2). This sample, also collected by means of a gill-net set,
consists of 6 specimens ranging in standard length from 148165 mm,,
average 159 mm,, arproximetely 7 - 7 §/8 inches totaml length,

A8 in Collection 2, Enallasms nymphs exceed all other grecupe in
total voluse, Asids from the fact that Odonata end Cladocera occupy
transposed ranks, this collection conforms rather closely with the
peattern recorded for the other gill-net haul, Collection 4. 1In the
present instence, omnly one phantom midge larva (Ch&oborus! Wes ene
countered, the low totel percentage of aquatic Diptera being mede up
by a small pumber of larvee aud pupae of two subfamilies of true
midges, Chirorominae snd Tenypedinae,

Table 1 shows resulis obbeined by combining findings for the
four October collections. (alculated on this basis, it will be seen
thet scuds and odonate nymphs share the position of first importence,
with & difference of only 0.74. A few points worthy of attention are
the low percemtage of total diel corposed of midge larvae and pupee
when considered from the standpoint of eall the October sawrples; the
relatively high percentage of aquatic Pemiptera; and the very small
arount of mayfly nymphs utilized, Three groups of organisms were
taken in quantities too snall to affect the porcentages. These ere
Copepode, members of the plenkton; Hydracaripa, free swimming water
mites; and Corrod.utia, represented b; the Fsocidae, a Tamily of tere

restrial insects allied to the book lice,

General Considerations: Because no previous work dealing with the

natural feeding habits of lake-inhabiting Lontane grayling has been
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published, it is impossible to state whether or not the Ford Lake
specimens wWere svubsisting on & normel diet, Thus, the rather sur-
prising low percentage of midge larvae and pupae taken in the October
collestions (this group having far outstrirpped 211 others in the May
saxple) may be due tc seascnal decrease in the midge population, or
to 8 charnge in diet preference comnected with sizg increase orn the
part of the fish,

The most surprising finding 1s the very large quantity of predecious
forms ccnsumed.a//ﬁymphs of the Odoneta are predatory in habits from
birth to maturity, The nymphs of Enallegmae, which mede up the budk
of the (Odonata taken in botl the May and Qctober sarples, feed upon
enimal plenkton when young, but soon chenpge to a dist composed chiefly

of smeller insect larvee, The aquatic Hemiptera ers represented al-

most exclusively by Yotonecta insulats, one of the largest backswimmers

in the state, known for its voracity which extends to small fish as
well as to & variety of aquatic insects and small crustacesmns, The
aquetic Coleoptera are best represented by the Dytiscidas, a group

whose Ffeeding hebits are predacicus in both larval and adult stages,

s

from Ford Lake has been examined, and found to agree with the others

ince the above study was completed, a single wirter-caught specimen

in containing a large amount of predacious insect larvae, The specimen,
heving & stendard length of 196 mm., a total length of 8 Z/B inches,

snd & weight of 100 gms., was collected through the ice on February 27,
1938, by br. A. S. Hagzzerd, using hook and line with & stonefly nymph
for bait. The stomech was found to comtain 10 scuds (Arphipoda), re-

mains of & draronfly nymphs (Anax junious), end a single chironomid midge

larve, The dragonfly nymphs accounted for 98.6%, the scuds 1l.4%, end

the midge larva a trace, of the total volume,
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Further study of food consumed and of food orgeriams present in the
lake are demanded tco demonstrate whether such a diet is determinsd
by neecessity or preference, Thc need for such studies is further
emphasized by comparing the tabulsticna for May and the combined
October data in Table 1, While Odonata nynphs hcld seconcd place in
the percentage coiumms in both inetences, wide discrepancies sappear
in the positions of various other groups, especially the aquatic
Diptera sud the scuds. No sure explenation car now be oifered for
the absence, in the May sample, of plaunicton which is well represented
(by the Cladocera) in the OctobLer collectious. ILxaminations of
seasonal plankton abundence, as well as that of larger food organisms,
should be made to afford added info:mation on the importent guestion

of selection versus availability in determining feeding haebits,

URIVELRSITY OF MTCTIGAN
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TABLE 1

AVOUNTS ANT DISTRIBUTION OF FOOD ORGANISMS FOR MAY AUD COI'BINED OCTORER COLLFCTIONS

Yy 18, 1937

October 18420, 1937

Per cent of | Average “Total volume | Per cent Per cent of | Average otal volume Per cent
stomachs mumber per | in cubie by stomachs number per | in cubie by
Orpanism containing | stomach centimeters |volume containing | stomach centineters volume
organism organism
Cladocere
(Wa‘ber fleaﬁ) eoe eee es® ene 87.5 eeae 2.865 15.8
Copepoda
(Copepods) (XX} °se see see 15,6 see trace see
Amphipoda
(souds) 1640 0424 0,025 O.4 90,46 6748 4,730 2640
Ephemeroptera
(Mayfly nymphs) 14,0 0.16 04,130 1.9 642 0.003 0,025 0.1
Odonate
(Dregonfly nymphs) 30,0 1,68 1,300 19,6 43,7 10,4 4,610 253
Aquatic Hemiptera
(water bugs) 2840 034 0,090 14 60,6 l.4 2,000 11,0
Terrestrial Hemiptera
(Land bug;s) ses see see oee 642 0.1 0,075 0.4
Homoptera
(Aphids) see eco sse (XY 53,1 19.8 1,003 545
Corrodentia
(PSOOidS) ece cee ene csee 25,0 0.8 trace ese
Aquatic Coleoptera
(Weter beetles) 6044 8460 04560 845 43,7 0.8 0.600 33
Terrestrial Coleoptera
(Lend beetles) 10,0 0.10 0,050 0.8 50,0 1,3 04376 2,0
Trichoptera
(Caddis flies) ene eee see ase Oed 0.1 0,250 1.4
Aquatic Lepidoptera
(Aquatio mOthS) 2,0 0,04 0,025 0.4 sse see see see
Hymenoptera
(Ants & wasps) 1240 0.12 0,115 1.6 54,0 1.1 0,100 045
Agquatic Diptera
(Midge larvee & pupae) 96,0 44,40 4,340 6544 9347 28.4 1,540 845
Terrestrial Diptera
(Land flies) 4,0 0,04 trace ose 28,1 Oed 0,045 0.2
Hydrecarina
(water mites) 14,0 0,46 trace cosn 15.6 0.4 trace cse
Terrestrial Araneae
(Spiders) eese XX} eee XX 6.2 0.1 trace ene
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Oct, 18, evening
Per cent of stomachs
contaeining orgeanism 90,8 4545 9040 |96l 4540 [54,5 (27,2 (18,2 |100,0 18,2 45,5 9¢1 |T2.7 [63.6 [|45.,56 [72.7 0
Average number of
organisems per stomach] .. ese] 1042 0.1 (21,8 1.6 0e3 0.2 5544 0.6 2.3 0.1 {48.6 2.1 0,8 1.2 0
Total volume in
cubic centimeters 04760 | trace 06180[0,028| 2,850] 04,525] 0,050 trace 1,120 | trace tracel 0,025] 0,775] 04200] 04025] 0,100] O
Per cent by volume 10,8 coe 266 044 46,1 Teb 0.7 cose 15,9 eve eos} D4 11,0 2,8 0.4 Y 0
Oct. 19, morning
Per cent of stommchs
containing organism [100,0 0 ]100,0 {0 5040 6245 6245 1245 100,0 0 0 |0 8745 [7540 25,0 (62,5 ]25.0
Average number of
orgenisme per stomach! e 0 9940 |0 1.1 1,2 1,8 0.2 2348 0 0 jo 18.7 1.7 044 0.9 Oe4
Total volume in
cubic centimeters 04225 0 2424810 062401 04825 0,400] 04250 04345 0 o 0 02197] 0.125] 0.,080] truce| 0,125
Per cent by volume 4,5 0 45,0 |0 4,8 (16,5 8,0 5.0 649 0 0 ]0 39 245 Oud coe 245
October 19,
10:15 a ne=7:0C pam,
Per cent of stomachs
containing organism | 71,4 0 85,7 |0 2845 71,4 {71.4 0 8547 14,2 0 {0 28,5 [2845 14,2 }42,8 0
Avercpre number of
organisms pcr stomach] eee 0 |154.,8 {0 1.6 1,4 1.0 0 9.6 0.1 0 0 343 0.6 0.1 0.4 0
Total volume in
cutic centimeters 1,750 0 1.,80010 04125} 0,425 0,160 © 04100 | treacs oi}o0 04025 0,050] truce trace{ O
Per Cent b}’ Voluﬂ\e 42.4 0 56.4 O 3.0 10.3 5.6 0 2Q4 28 ® o o 0.60 1.2 XX 1 (X X J 0
Octe 19, 7150 acme =
OOt. 20’ 1300 P'm.
Per cent oif stomachs
cortaining organism |8343 0 8343 |0 6648 6646 [1646 0 8343 8343 0 |0 0 16,6 |16.,6 0 0]
Average number of
orrarisms per stomach| ... 0 53.8 |0 12,7 1,0 0.2 0 5e3 1.0 0 |0 0 043 0e2 0 0
Total volume in
cubic centimeters 0,085 0 0.75510 047101 0,300} 0,050} O trace trace 0 {0 0 trace | trace] O 0
Per GeI],t b;Y VOlume 4.5 0 39.7 0 37.4 15Q8 2.6 o see ose o o o e @ LAK ] o o
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