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NOTES ON PARASITIC FUNGI IN WISCONSIN. XX.
J. J. DAvis

PERONOSPORA FLOERKEAE Kell. was collected by Holway in
northwestern Wisconsin in 1904. When taking a collection of
Entyloma on Floerkea from the press it was found that two
small plants bore the Peronospora. The collection was made near
Racine in southeastern Wisconsin May 15, 1933,

Petrak has proposed the genus Metacoleroa to receive VEN-
TURIA DICKIEI (B.&C.) Sace. (Ann. Mycol. 25: 332).

As there was some question as to whether the Taphrina that
has been collected in Wisconsin on Onoclea Struthiopteris is T.
STRUTHIOPTERIDIS Nishida or T. HIRATSUKAE Nishida a Wiscon-
sin specimen was sent to Prof. Hiratsuka, who determined it as

the former.

MYRIOCONIUM COMITATUM var. SALICTARIUM “Notes” IV, p.
286 is probably connected with SCLEROTINIA FOLLICOLA Davidson
& Cash (Mycologia 25: 266-7 & 270).

In “Notes” XIII, pp. 171-2 GLOEOSPORIUM NIVEUM was de-
scribed as occurring in ascomata of Rhytisma on Ilex verticillate
and on species of Salix. There was discrepancy in the size and
shape of the conidia on Ilex and in those on Salix and while both
forms were described and figured under the binomial their spe-
cific relationship was left open. Dr. John Dearness has kindly
sent material on Ilex verticillata collected near London, Ontario
in which the conidia are like those on Salix but more acute.
Similar collections on Ilex have also been made in Wisconsin
and it seems clear that but one species is involved the conidia of
which are somewhat variable in size and form.

MARSSONINA THOMASIANA (Sace.) Magn. sometimes develops
acervuli on the twigs. Young conidia are pyriform but the lower
cell broadens with maturity.

In “Notes” XVII, p. 296 Colletotrichum on leaf spots on
Streptopus, Oakesia, Smilacina and Uvularia was treated as
parasitic and referred to C. PECKII Sace. It now seems more
probable that the spots were not caused by the Colletotrichum
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but that it followed as a saprophyte. In May, 1933 Colleto-
trichum was found at Racine on leaves of Trillium: recurvatum.
The host plants were in a low place and had apparently been
submerged after the heavy spring rains. They looked sickly
and there were dead areas on the margins of the leaves some-
times extending toward the center. On the dead tissue Colleto-
trichum occurred. A specimen was sent to Dr. L. R. Tehon who
reported that the fungus was like COLLETOTRICHUM TRILLII
Tehon but that the spots were different. In June, 19338 Colleto-
trichum was found on dead and dying leaves of Allium canadense
in the same region. A Colletotrichum on dead spots on leaves of
Smilax hispide was found at Coon Valley in August, 1932. Per-
haps these are all saprophytic and should be referred to COLLETO-
TRICHUM LILIACEORUM (Schw.) (Vermicularia liliaceorum
Schw.). COLLETOTRICHUM CIRCINANS (Berk.) Vogl. on bulb"
scales of Allium Cepa perhaps belongs in the same group. How-
ever, in 1934 collections of Colletotrichum on leaves of Clintonia
borealis were made at Hayward and Mellen, in which the fungus
appears to be parasitic. The black acervuli are scattered on pale
brown to cinereous spots which are sub-circular to oblong, 1-4 X
~ 1-2 cm. sometimes confluent. Death of surrounding leaf tissue,
especially distally, soon occurs. The setae are black, terete, up
to 140 X 6-10p. Conidia hyaline, fusoid, slightly curved, acute,
about 20 X 3u. It is probable that on full maturity of the fungus
the entire leaf is dead. (See Burt Johnson, Am. Journ. Bot. 19:
12 et seq.)

In Wisconsin a leaf spotting fungus on Smilax has been re-
ferred to STAGONOSPORA SMILACIS (E.&M.) Sacc. which was
published in the American Naturalist in 1882 as ASCOCHYTA
SMILACIS E. & M. with the sporules characterized as “sub-
hyaline” “triseptate” hence Saccardo transferred it to Stagono-
spora in the Sylloge Fungorum. In Wisconsin the sporules are
usually hyaline and continuous when collected but colored and
uniseptate sporules occur in some pycnidia. The sporules as
ordinarily found in the pycnidia appear immature and the spots
soon become lacerate and the tissue disintegrates. As septation
80 often comes but with maturity it was assumed that the para-
site is the one that Ellis & Martin were dealing with. For further
information the type specimen of ASCOCHYTA SMILACIS E. & M.
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was sought but without success as it is not in the Ellis herbarium
in New York or at Cambridge or Washington. Dr. Seaver kindly
sent a portion of a specimen in the Ellis herbarium labeled As-
COCHYTA SMILACIS E. & M. which is in the state usually found
with hyaline continuous sporules. It was on Smilax hispida col-
lected in Ohio by Kellerman. Archer states that in a culture from
Smilax hispida “some of the spores were hyaline and 1-celled but
most were 1 or 2-celled and brownish in color.” (The Fungi of
ITowa parasitic on Plants, p. 434.) Spores having a median sep-
tum sometimes develop later a septum in each cell and it may
have been this condition that led Ellis & Martin to describe the
sporules as triseptate considering that to be the mature state
(compare STAGNOSPORA BAPTISIAE (E. & E.) Davis “Notes”
XVII, p. 295). Of PHYLLOSTICTA SMILACIS E. & E. the authors
stated: ‘“Specimens occur with uniseptate spores (Ascochyta)
but usually there is no septum.” They also stated: “This has
been observed on various smooth-leaved species for twenty years
or more but does not appear to have been described.” (Bull.
Torr. Bot. Club 27: 575 (1900).) PHYLLOSTICTA SMILACIS E. &
M. appears to have been a herbarium name, at least I have seen
no published description. of it except in North American Phyllo-
stictas 221 where PH. SMILACIS E. & E. is given as a synonym.
Of this Ellis & Everhart state: “This species is found on various
species of Smilax in different parts of the country and varies
considerably in size and shape of the sporules. ...” SPHAEROP-
SIS SMILACINA Pk. (33d Report, p. 24) was placed in this group
by Dearness and taken as the type with the binomial PHYLLO-
STICTA SMILACINA (Pk.) Dearness (Mycologio 9: 351.) This
was referred to Phoma by Saccardo (Syll. Fung. 3: 160) As-
COCHYTA SMILACIS E. & E. was described as having smoky-hya-
line, uniseptate sporules 6-8 x 4u (Journ. Mycol. 8: 12.) As-
COCHYTA CONFUSA E. & E. was described as having smoky-hya-
line sporules 7-12 x 814-414u. To the description is added the
statement: “ASCOCHYTA SMILACIS E. & M. Am. Nat. Dec. 1882,
p. 1002 has sporules 11-22 X 6-7u.” Septation is not mentioned
in the description of A. confusa. Of DIPLODIA SMILACINA Berk.
on dead tendrils or branches of Smilax from Ohio and North
Carolina little seems to be known in America. European speci-
mens have been referred to it. SPHAEROPSIS SMILACIS E. & E.
on dead stems of Smilax develops sporules similar to those that
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are found on leaf spots. From their examination of a specimen
of this species Gilman & Archer reported: “comparatively few
of the spores were brown, still fewer were 1-septate, the ma-
jority were hyaline with granular contents thereby resembling
the spores that are produced in the leaf spots.” This appears to
be about what one might expect from material not wholly ma-
ture. Of the variety latispora Pk. on dead branches of Smilax
hispida Dearness stated: ‘“Exceptional spores vary from 12-25u
in length and in shape from globose to oblong-elliptic.”

From examination of collections on living leaves of Smilax
herbacea from Canada, sent to him by Dr. John Dearness, Bubak
published the following species (Hedwigiao 58: 15 et seq.
(1917) ):

PHYLLOSTICTA LONDONENSIS Bubak

& Dearness Sporules 4.5-7.5 X 2.5-3.5x
PHYLLOSTICTA PELLUCIDA B. & D. ” BT5 X 2-3.5u
PHYLLOSTICTA SMILACIGENA B. & D. ” 4-6 X 1.5p
MACROPHOMA PELLUCIDA B. & D. ” 15-20 X 4-55p
MAcroPHOMA SMILACIS (E. & E.)

B. & D. 7 16-28 X 4-8u
ASCOCHYTA LONDONENSIS B. & D. ” 11-15 X 3.5-4p
ASCOCHYTA FUSCOPAPPILATA

B. & D. ” 15-22 X 2-3u
ASCOCHYTA SMILACIGINA B. & D. 7 19-28 X 4-8u
STAGONOSPORA PELLUCIDA B. & D. ”  20-25 X 3.5-4u
STAGONOSPORA SMILACIGENA B. & D. 7 17-24 X 4-Tu

SPHAERELLA PELLUCIDA B. & D.
PLEOSPHAERULINA CANADENSIS
B. & D.

The character of the spots, as described, is similar in all of
these. Bubak suggested that MACROPHOMA SMILACIS (E. & E.)
B. & D. may be conspecific with SPHAEROPSIS SMILACINA Pk.
which was referred to Phoma, not Phyllosticta, by Saccardo in
the Sylloge Fungorum 3: 160 where Sphaeropsis brunneola B.
& C. on branches of Smilax rotundifolia was also referred to
Phoma. Spots similar to those on Smilax are sometimes abun-
dant on leaves of Oakesia sessilifolia but are largely sterile at
the time when they have been observed. The pycnidia which
they bear are those of PHYLLOSTICTA OAKESIAE Dearn. & House,
and this seems to be closely related to the form on Smilax. The
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condition on both hosts suggests that the thin leaves are not
good substrates for full development. What is probably a more
mature state of this was given the name DIPLODIA UVULAR-
IAE n. sp. in “Notes” I, p. 87. This has brown, uniseptate spor-
ules 12-20 X 6-Tp. A form on Uvularia grandiflora with smaller
sporules was given the name PHYLLOSTICTA DISCINCTA in Trans.
Wis. Acad. 4th Supplementary list, pp. 747-8. This was later
referred to Ph. cruenta (Fr.) Kx. as a variety based on a later
collection with larger sporules (16 X 6p). A still later collee-
tion on this host has sporules about 28 X 6-7x. What is perhaps
a microconidial state of DIPLODIA UVULARIAE on Uvularia grandi-
flora was recorded in “Notes” V, p. 693.

It is of interest that while there is much diversity in the
sporules in different collections on Smilax, Oakesia and Uvularia
there is similarity in the leaf spots, except in PHYLLOSTICTA SUB-
EFFUSA (E. & E.) Tehon & Stout (Mycologia 21: 186) which
does not appear to be a member of the group.

Gilman & Archer in the Fungi of Iowa parasitic on Plants
(Iowa State Journal of Science 3: 433-4) included Smilax with
Polygonatum and Smilacina as a host of SPHAEROPSIS CRUENTA
(Fr.) Gilman & Archer. There seems to be no evidence that
the sporules of PHYLLOSTICTA CRUENTA (Fr.) Kx. on Polygona-
tum or those of PH. PALLIDIOR Pk. on Smilacina acquire color or
septation at maturity. The forms on Oakesia and Uvularia
however may be conspecific with that on Smilax. MELANOPS
CRUENTA was described by Petrak as the ascigerous state of
PHYLLOSTICTA CRUENTA. (Ann. Mycol. 25: 226, not 296 as in-
dexed.)

PHYLLOSTICTA PALLIDIOR Pk. has been given varietal rank in
Wisconsin publications but there is constant difference in the
sporules, no intermediates having been found. MACROPHOMA
SMILACINAE Tehon & Stout (Mycologia, 21: 187), on Smilacina
stellata was described as having sporules 11-22 X 314-6u. Spore
color and septation are useful characters in classification but
they sometimes cause confusion.

In “Notes” XIX, pp. 183-4 it was stated that the parasite
referred to PESTALOZZIELLA SUBSESSILIS Sacc. & EIlL should
find place in the Sphaerioidaceae. Judging from the description
its place is in DILOPHOSPORA GERANII Schroet. Through the kind-
ness of Dr. C. W. Dodge I have examined a Wisconsin specimen
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from the Trelease herbarium at the Missouri Botanical Garden
and find it to be of the same character. In Ellis & Everhart’s
North American Fungi 1223 the sporules are also borne in pyec-
nidia. P. SUBSESSILIS Sacc. & ElL is the type species of the genus
Pestalozziella. P. GERANII-PUSILLA C. Massal. is of the same
character as far as can be determined from the poor specimens
available. The type specimen of PESTALOZZIELLA SUBSESSILIS
Sacc. & Ell. presumably in the Saccardo herbarium, should be
reexamined and full development of the sporules should be ob-
served in comparison with those of DILOPHOSPORA ALOPECURI
Fr. = D. GRAMINIS Desm. as described and figured by Dr. Ernst
A. Bessey in Journal of Mycology 12: 157-8. The setulae are
distal only as stated by Schroeter.

In 1913 a parasite on leaves of Carpinus caroliniana was col-
lected the character of which did not agree well with any of the
genera that had been established and was described in “Notes”
II, p. 107 under the binomial FUSARIUM CARPINEUM n. sp. Fur-
ther notes and reference to its occurrence also on Carya cordi-
formis in small quantity were published in “Notes” XIII, p. 170
and XIV, p. 183 where it was suggested that it should be re-
ferred to Septoriopsis as that genus had been treated. Because
of a previous use of the name by Fragoso and Paul this was
changed to Cercoseptoria by Petrak (Ann. Mycol. 23: 69). In
“Notes” X CYLINDROSPORIUM CARYIGENUM Ell. & Ev. was re-
corded as occurring in Wisconsin on Carye cordiformis. This
species was referred to Cercosporella by von Hoehnel. The
form on Carpinus and that on Carya are now considered to be
conspecific and are labeled in the herbarium CERCOSEPTORIA
CARYIGENA (E. & E.) n. comb.

In an article in the Journal of Agricultural Research 44: 139
et seq. entitled, “The Downy Spot Disease of Pecans,” Demaree
& Cole treat the fungus as a cause of disease of pecans and de-
scribe the ascigerous state as MYCOSPHAERELLA CARYIGENA (E.
& E.) n. sp. In this connection it is of interest that FUSICLA~
DIUM EFFUSUM Wint., referred to Cladosporium by Demaree, oc-
curs on Carpinus as well as on Carya (“Notes” XVI, p. 285-6).

AECIDIUM MESADENIAE Arth. on Cacalio reniformis was re-
corded in the provisional list as A. COMPOSITARUM. The only
Wisconsin collection was made in Kenosha Co. 1894. The local-
ity is in south eastern Wisconsin, not north eastern as given in
North American Flora.
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ADDITIONAL HOSTS FOR WISCONSIN

ALBUGO CANDIDA (Pers.) O. Kuntze
On Brassica juncea. Madison (I. E. Melhus).

PLASMOPARA HALSTEDII (Farl.) Berl. & De Toni
On Eupatorium purpureum. Blue River. Killing the leaves
which bear saprophytes, especially Alternaria.
On Helianthus giganteus. Westby.

MICROSPHAERA ALNI (Wallr.) Wint.
On Lonicera oblongifolia. Wind lake, Racine Co.

ERYSIPHE CICHORACEARUM DC.
On Verbena hastata. Madison.

PHYLLACHORA VULGATA Theiss. & Syd.
On Muhlenbergia tenuiflora. New Glarus.

DAVISIELLA ELYMINA (Davis) Petr. occurring in the locules
of Phyllachora on Elymus was described as having sporules
7-10 X 214-8u (“Notes” V, p. 701). Petrak from examination
of Wisconsin material gave the sizes of the sporules as 8-13 X
3-4%%u (Ann. Mycol. 22: 134). In “Notes” XIII, p. 166 there
was reference to a form on Calamagrostis with sporules 10-20u
in length. In a collection from De Soto Sept. 2, 1932 on Muhlen-
bergia racemosa the sporules are 10-16 X 2-3u. A collection on
Oryzopsis asperifolia from Crivitz Aug. 25, 1931 shows sporules
12-20 mostly about 17. long, nucleate but not yet septate. DA-
VISIELLA DOMINGENSIS Petr. & Cif. was described as having coni-
dia 18-20 X 2-214u (Ann. Mycol. 30: 277). In collections on An-
dropogon furcatus from Sauk Co. (Greene & Davis) the sporules
are 3- septate.

SEPTORIA DIDYMA Feckl. var. SANTONENSIS Pass. (MARSONIA SAN-
TONENSIS (Pass.) Bubak).

On Salixz fragilis. Princeton. This is quite different in ap-
pearance from the type as represented in Wisconsin on Salix
longifolia and from Fuckel’s Fungi rhenant 1677. The spots are
angular, limited by the veinlets but confluent, dark brown be-
coming cream color or sordid white, the pycnidia sparse and
imperfect. The sporules measured were 23-33 X 214-3l4u uni-
septate. In August 1933 this was collected south of Black Earth
on Saliz alba with well developed pycnidia the sporules, dis-
charged in cirrhi on both leaf surfaces, 3-4x in diameter.
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SEPTORIA RUMICICOLA Allesch.
On Rumex mexicanus. Madison. This name was proposed

to replace S. RUMICIS Ellis on the supposition that it is distinct
from S. RUMICIS Trail. (Rabh. Krypt. Fl. Die pilze 6: 848).

GLOEOSPORIUM SALICIS West. has been collected at Omro on a
host identified as Saliz lucide which is possibly a hybrid with
S. fragilis.

MARSSONINA MARTINI (Sacec. & Ell.) Magn.

On Quercus bicolor. Blue River.

STAGONOSPORA MELILOTI (Lasch) Petr.

On Melilotus officinalis. This parasite has become quite com-
mon on M. alba.
CYLINDROSPORIUM CRESCENTUM Barth.

On Pastinaca sativa Westby. The conidia have a median
septum.

RAMULARIA PRATENSIS Sacc.
On Rumex britannica. Omro.

CERCOSPORA PANICI Davis
On Panicum Boscii. Crivitz. I have not had an opportunity

to compare this with C. fusimaculans Atk.

CERCOSPORA DESMODII Ell & Kell.
On Desmodium nudifiorum. Durand.

UROMYCES PLUMBARIUS Pk.
Aecia on Oenothera rhombipetala. Blue River.

PUCCINIA MUHLENBERGIAE Arth. & Hol.

On Muhlenbergia tenuiflora. New Glarus.

An Aecidium on Desmodium grandiflorum occurring with
Aecidium on Amphicarpa on Ferry bluff in Sauk Co. is thought
to be connected with PUCCINIA ANDROPOGONIS Schw.

PUCCINIA RUBIGO-VERA (DC.) Wint.
Telia on Elymus striatus. New Glarus.

PUCCINIA HEUCHERAE (Schw.) Diet.
On Heuchera sanguinea (cult.). In a neglected rock garden

at Baraboo.
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CRONARTIUM RIBICOLA F. de W.
On Ribes nigrum (cult.). Sturgeon Bay (E. C. Blodgett).
This locality is in north eastern Wisconsin.

ADDITIONAL SPECIES
not previously recorded as occurring in Wisconsin.

PHYLLACHORA MELICAE Dearn. & House

On Melica strigta. Crivitz. Asci 65-T0n spores 9-10 X
5-6l6u. As stated by the authors this is near PHYLLACHORA
VULGATA Theiss & Syd. and perhaps not distinct from PH. GRAM-
INIS (Pers.) Feckl. Collection of immature material on this host
was referred to in “Notes” VIII, p. 418.

DERMATEA PHYLLOPHILA Pk.
Specimens on needles of Abies balsamea from Door County
have been referred to this species.

PHOMOPSIS CALLISTEPHI Tehon & Daniels.

On Callistephus chinensis (cult.). Madison, Randolph and
Milwaukee. (L. R. Jones & Regina S. Riker.)

From a scanty collection of living leaves of an undetermined
species of Panicum from Crivitz the following notes were made:
Spots fusoid, dark purple with an arid whitish center; pyecnidia
in the arid portion few, dark, depressed-globose thick-walled,
opening by a pore, 100-130 X 80-100ux; sporules hyaline, cylin-
drical to fusoid-cylindrical, straight, becoming 3-septate, 24-30
X 8lp —5u. This has not been determined.

A poorly developed Septoria on Heliopsis scabre was col-
lected at Coon Valley in August and has been referred to SEP-
TORIA HELIOPSIDIS Ell. & Dearn. The sporules are but about 1.
thick. In the infected leaves are also what appear to be imma-
ture perithecia.

SEPTORIA KRIGIAE Dearn. & House

On scapes and on involucral bracts of Krigia virginica. Mazo-
manie June 20, 1932. The black firm-walled pycnidia are prom-
inent often breaking through the epidermis.

COLLETOTRICHUM HEPATICAE Pk.
On Hepatica acutiloba on dead spots caused by Plasmopara
pygmaea fusca (Pk.) Davis. This is very doubtfully parasitic.
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A specimen on dead leaves of (?) Elymus was collected at
Racine June 25, 1888 and labeled Vermiculario denudata Schw.
As it was not recognized as a parasite it was not recorded. Ex-
amination of the leaves shows that the acervuli are on light col-
ored spots. This should now be referred to Colletotrichum but
the specific name and the parasitism are open to question. The
conidia seen were about 20 X 3p.

CYLINDROSPORIUM SOLITARIUM Heald & Wolf

On Robinia Pseudo-acacia. Princeton. Perhaps a form of
the species on this host in Europe which has been referred to
various genera.

BotrYTIS HYPOPHYLLA Ell. & Kell. was described as occur-
ring on leaves of Teucrium canadense which also bore Cerco-
spora. “ferruginea.” Manneval reported it on Cercospora hy-
dropiperis on Polygonum hydropiper, (Univ. of Mo. Studies 1:
85.) In Wisconsin it appeared to be parasitic on Cercospora cla-
vata on leaves of Asclepios tnecarnato.

CERCOSPORA SETARIICOLA Tehon & Daniels

On Setaria glauca. Black Earth. In this collection the fasci-
culi are not usually as large as in the type as described and some-
times occur on the upper surface of the spots. Slender curved
conidia up to 150x in length are found. The conidia become
pluriseptate.

MELAMPSORA EUPHORBIAE-GERARDIANAE W. Mueller
Uredo on Euphorbia commutata. Beloit (Fassett).

PHRAGMIDIUM ROSAE-ARKANSANAE Diet.
Uredinia and telia on Rosa pratincola. Black Earth.

PUCCINIA BATESIANA Arth.
Aecia and telia on Heliopsis scabra in “Spring Coulee” be-
tween Westby and Coon Valley.

CERCOSPORA SENECIONICOLA n. Sp.

Spots indeterminate, hypophyllous, becoming ferruginous;
conidiophores hypophyllous, fasciculate on small scattered
brown stromata, usually curved or tortuous and nodulose, more
or less brown or fuscous, sometimes branched, 15-30 X 3u con-
idia hyaline obclavate-cylindrical, usually straight, septate, 30-
80 X 214-81%4u. On Senecio aureus. Coon Valley, Wisconsin,
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August 13, 1932. Apparently distinct from CERCOSPORA SENECI-
OoNIS Ell. & Ev.

CERCOSPORA SENECIONICOLA Sp. nov.

Maculis indeterminatis, hypophyllis dein ferrugineis; conidi-
ophoris hypophyllis, fasciculatisque in parvis stromatibus brun-
neis dispersis, plerumque curvatis vel tortis alque nodulosis, plus
minus brunneis vel fuscis, interdum ramosis 15-30 X 3u; con-
idiis hyalinis, obclavatis-cylindratis, plerumque rectis, septatis-
que, 30-80 X 214-314, on Senecionibus aureis.

UNIVERSITY OF WISCONSIN HERBARIUM, MADISON, WISCONSIN
April, 1934.

ADDENDA

July 20, 1911 a Cercospora on Spiraea salictfolia was col-
lected at Spooner and a description written under the binomial
Cercospora laxipes n. sp. As there was some question as to its
being a form of Cercospora rubigo Cke. & Harkness the descrip-
tion was published in the Appendix to the Provisional List as
Cercospora rubigo Cke. & Hark. (?) Another collection from
Nekoosa was described and the original description repeated in
*“Notes” VIII, pp. 428-9. This is now considered to be distinct
and labeled CERCOSPORA LAXIPES n. sp. Another collection was
made at Caryville.

In “Notes” XVI, p. 292 an Aecidium on Galium tinctorium
was published as Aecidium sparsum n. sp. This binomial is
antedated by Aecidium sparsum Haszlinsky 1877 and Dr. J. C.
Arthur considers that the Aecidium is not distinct from Aecidi-
um houstoniatum Schw. which as it occurs on Houstonia coerulea
was connected with a Uromyces on Sisyrinchium by Sheldon
and by Arthur. Sheldon however failed to demonstrate the con-
nection with Aecidium on Houstonia purpurea. In Wisconsin
Aecidium occurs on H. longifolia which is closely related to
H. purpurea but no Uromyces has been seen on Sisyrinchium in
the state although it has been looked for where the Aecidium oc-
curred. An attempt to infect Sisyrinchium with aeciospores
from H. longifolia in Wisconsin was without result. ‘“Notes”
XVI, pp. 283-4.

In the suppl. list p. 171 Leptothyrium periclyment var. ameri-
canum E. & E. (Trans. Wis. Acad. 9: 171) was recorded. This
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is now referred to Kabatia lonicerae (Hark.) Hoehn. but the
Wind Lake, Racine county specimen is Kabatia mirabilis Bubak.
(Jour. Mycol. 6: 116.)

Puccinia bartholomaei Dict. has been kept distinet from P.
verans Farlow because of the absence of amphispores and the
development of aecia on Asclepiadaceae while the aecial stage
of P. vexans was unknown. Development of aecia on Asclepias
tuberosa and A. syriace in the greenhouse through the agency of
teliospores of P. vexans indicates that P. bartholomaet should be
considered to be a form of P. vexans in which amphispores are
not developed.

Phyllosticta similisporae Ell. & Davis was described as occur-
ring on Solidago rigida. It was later described as Leptothyrium
tumidulum Sacc. on the same species of host. In Notes XVIII it
was stated that hypophyllous pycnidia pushed into the meso-
phyl and were globose. The species ‘has since been found on
Solidago serotina which has firmer leaves and the pycnidia are
similar on both leaf surfaces. It is perhaps best then to follow
Saccardo and refer the species to Leptothyrium. If one takes
the older specific name the binomial would be LEPTOTHYRIUM
SIMILISPORUM (Ell & Davis) n. comb.

ADDITIONAL HOSTS

BREMIA LACTUCAE Regel. On Hieracium aurantiacum. Mira-
bel and Stoney Creek, Kewaunee Co. Greene & Davis.

PERONOSPORA HEDEOMATIS Kell. & Su. On Hedeoma hispida.
Blue River. Greene & Davis.

SPHAEROTHECA HUMULI (DC.) Burr. On Potentilla fruiti-
cose. Bailey’s Harbor.

ERYSIPHE POLYGONI (DC.) On Polygonum ramosissimum.
Lone Rock. Perithecia not mature.

STAGONOSPORA MELILOTI (Lasch) Petr. On Trifolium hy-
bridum. Coon Valley. (F. R. Jones.) Very scanty.

USTILAGO UTRICULOSA (Nees) Tul. On Polygonum Careyi.
Tomah.

CRONARTIUM RIBICOLA F. deW. On Ribes nigrum (cult.).
Sturgeon Bay. (E. C. Blodgett.)
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TRANZSCHELIA PRUNI-SPINOSAE (Pers.) Diet. Aecia on Ane-
mone caroliniana. Hager City. (Fassett & Hanson.)

PUCCINIA ARGENTATA (Schultz) Wint. Aecia on Adoxa
Moschatellina. Ontario, Wis. (N. C. Fassett.)

PUCCINIA EXTENSICOLA HIERACIATA (Schw.) Arth. Aecia on
Hieracium longipilum. Blue River. (Greene & Davis.)

CERCOSPORELLA NIVEA Ell. & Barth. On Solidago hispida.
Hancock.

SPHAEROTHECA HUMULI FULIGINEA (Schlecht) Salm.
On Bidens cernua. Black Earth.
On Bidens vulgata. Muscoda.

STAGONOSPORA MELILOTI (Lasch) Petr.
On Medicago sativa (cult.). Madison. (F. R. Jones.)

CERCOSPORELLA NIVEA Ell. & Barth.
On Solidago hispida. Hancock.

SOROSPORIUM SYNTHERISMAE (Pk.) Farl.
On Panicum dichotomiflorum and Panicum capillare. Muscoda.

MELAMPSORA ABIETIS-CANADENSIS (Farl.) C. A. Ludwig.

(M. populi-tsugae, “Notes” IV, p. 676.)
Telia on Populus balsamifera. Bailey’s Harbor.

PUCCINIA GRAMINIS Pers.
Uredia on Cotabrosa aquatica. Hudson. (Fassett.)

ADDITIONAL SPECIES

CYLINDROSPORIUM ROBINIAE (Lib.) Died. Septoria curvata
(Rabh. & A. Braun) Sacc. is considered to be a synonym.
On Robinia pseudoacacia. Muscoda. In this collection the
sporules are 2-4u thick and 3-10 septate. The pycnidia are
inconspicuous.

SEPTORIA SONCHIFOLIA Cke.

On Sonchus asper. Hancock. Spots definite, becoming sor-
did white usually 3-6 mm., on dead areas; sporules 23-33 X

1-114p.
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MELANOPSICHIUM AUSTRO-AMERICANUM (Speg.) Fisch.
On Polygonum lapathifolium. McCartney. (Fassett & Ev-
ans.)

PUCCINIASTRUM SPARSUM (Wint.) Fisch.
Uredia on Arctostaphylos uva-ursi. Bailey’s Harbor.
The American records of this rust are confined to the Pacific
coast region. There is no record of its occurrence in Ameri-
ca on this host.

RAVENELIA EPIPHYLLA (Schw.) Diet.
Uredia and telia on Tephrosia virginiana. Muscoda.
Apparently spreading from the railroad right of way.

PUCCINIA HYSSOPI Schw. ,
On Agastache scrophulariaefolia. Viroqua. A single station
in western Wisconsin.

PHYLLACHORA BOUTELOUAE Rehm. On Bouteloua hirsute. Poy-
nette. (Greene & Davis).

Of a collection on Artemisia serrata, Tomah, September 25,
1935 the following notes were made: Spots dark reddish brown,
angular, variable in size, pycnidia amphigenous, globose, ca.
100x; sporules curved, acute mostly 50-70 X 8-4u. On leaves
of Artemisia serrata, Tomah, Wisconsin, September 25, 1935.
The majority of the pycnidia have undifferentiated contents.
This is labeled in the herbarium as SEPTORIA ARTEMISIICOLA n.
sp. A very destructive parasite of the leaves of Iris lacustris has
been observed at Bailey’s Harbor. In September leaves were
brought to Madison and over-wintered outside. In the spring
the perithecia developed asci 50-60 X 13x and uniseptate hya-
line ascospores 17 X 5-Tu. The material was lost so no descrip-
tion of this Mycosphaerella is published. Apparently no con-
idia are developed.

COLLETOTRICHUM VICIAE Dearn. & Overholts. On Vieia vil-
losa. Avxena and Muscoda. Greene and Davis.

PHYLLOSTICTA ANEMONICOLA Sace. & Syd. On Anemone?
canadensis. Sauk Co. Oct. 15, 1935.

PUCCINIA SIMULANS (Pk.) Barth. Uredia on Sporobulus
cryptandrus. Spring Green, Muscoda, and Lone Rock. In vil-
lage streets.
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OPHIOCLADIUM HORDEI Cav. On Phalaris arundinacea. Lone
Rock and Durand. Distinguished from Ovularia by the tortuous
conidiophores. Spring Green and Durand.

FUSICLADIUM ROBINIAE Shear. On seedling Rubinia pseudoa-
cacia. Lone Rock.

UNIVERSITY OF WISCONSIN HERBARIUM,
MADISON, WISCONSIN.
FEBRUARY, 1937.






PRELIMINARY REPORTS ON THE FLORA OF
WISCONSIN. XXV. ARALES

NORMAN C. FASSETT

University of Wisconsin
(The Lemnaceae in collaboration with LAWRENCE E. Hicks)

This report is based on the material in the Herbarium of the University of
Wisconsin, and of the Milwaukee Public Museum. For the loan of the latter, the
writer is indebted to Mr. A, M. Fuller,

ARACEAE—ARrRUM Famny

ArtsaemMA TRIPHYLLUM (L.) Schott. Jack-in-the-Pulpit. (Fig. 1). Probably
throughout the state. Forma viRmE (Engler) Farwell, Am. Mid. Nat. xii. 53 (1930),
with the spathe entirely green, is found occasionally.

A. DracontruM (L.) Schott. Green Dragon. (Fig. 2). Much less common, in
wet woods and river-bottoms across the southern half of the state. Not usually
found where the Jack-in-the-Pulpit grows.

Carra parustris L. Water Arum. (Fig. 3). In bogs, mostly northward and
eastward. Southwestward, in the Driftless Area (on the map enclosed by a broken
line), where bogs are rare and becoming dry, it is occasionally found persisting after
the ground has become fairly firm.?

Symprocarpus FOETIDUS (L.) Nutt. Skunk Cabbage. (Fig. 4). Probably
throughout the state; the apparent rarity in the northern part of the state may be
due to lack of collecting in that region in the early spring.

Acorus Caramus L. Sweet Flag. (Fig. 5). Mostly northward and eastward;
apparently nearly absent from the Driftless Area (on the map enclosed by a broken
line) except rarely along the Wisconsin and Mississippi Rivers,

LEMNACEAE—DUCKWEED FaMiLy

The material in the Herbarium of the University of Wisconsin has been identi-
fied by Dr. Lawrence E. Hicks, who has also supplied the sketches here reproduced.
The maps show the ranges very inadequately, for these plants are seldom taken by
most collectors; they are presented in hope of stimulating activity which will fill
the gaps and help to give a more complete picture of the occurrence of these plants.

The following key is adapted from one made by Dr. Hicks; names of species
which have not been found in Wisconsin but may yet be collected are in brackets.

1See Hansen, The Tamarack Bogs of the Driftless Area of Wisconsin, Bull, Pub, Mus.
of City of Milwaukee, vii, no, 2: 296 (1933).
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a. Plants with roots b
b. Each plant of a group with several roots in a fascicle from the
the node; plants usually red below and with a red eye
spot (the node) above ......... evesaennesanseresenen Spirodela polyrhiza (L.) Schleid.

b. Each plant of a group with but one root ¢
¢. Plants submerged, each feather-shaped with the basal por-
tion narrowed into a petiole-like stem .........coceeeuemnee.. Lemna trisulca L.

c. Plants usually floating, each oval to oblong, without petiole-
like stems, when connected appearing sessile d
d. Plants symmetrical or nearly so e
e. Plants deep green, obscurely 3-veined, convex on both
surfaces, cavernous throughout, appearing medium
thick when pressed Lemna minor L.

e. Plants pale green, obscurely 1-veined, flat on lower
surface, cavernous in the middle portion only, appear-
ing membranous when pressed [Lemna minima Philippi.]

d. Plants asymmetrical f
f. Plants obliquely obovate, medium thick, usually deep
green with some reddish purple, distinctly 3-veined
Lemna perpusilla Torr.

f. Plants linear-oblong, thin, pale green, obscurely 1-
veined [Lemna valdiviana Philippi.]

a. Plants without roots g
g. Plants globose or nearly so, not punctate, loosely cellular;
upper surface convex with 3 usually inconspicuous papules
Wolfiia columbiana Karst.

g. Plants more or less flattened above and gibbous beneath,
brown-punctate, more compactly cellular %
k. Plants round ovate, strongly gibbous, slightly asymmetrical
[Wolffia papulifera Thompson.]

h. Plants more or less oblong with an upturned acute tip
(peanut-shaped), slightly gibbous, symmetrical
Wolfia punctata Grisebach
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PRELIMINARY REPORTS ON THE FLORA OF
WISCONSIN. XXVI. CONVOLVULACEAE.

SIDNEY O. FOGELBERG

The maps of Cuscuta and Convolvulus are compiled from
specimens in the herbarium of the University of Wisconsin and
the herbarium of the Milwaukee Public Museum. The writer
gratefully acknowledges the guidance of Dr. Fassett throughout
the course of the work, the courtesy of Mr. Fuller for the loan
of the Museum specimens and the suggestions of Dr. E. T.
Wherry in regard to the problem of C. spithamaeus var. stans.

CUSCUTA

a. Flowers subtended by several closely appressed bracts; styles very
slender and much longer than the ovary.
b. Bracts squarrose; floral masses tightly twined about host like
a rope C. glomerata

b. Bracts not squarrose, generally cuspidate; floral masses looser,
irregular C. cuspidata

a. Flowers not immediately subtended by several bracts; styles short-
er than or only slightly longer than the ovary.
c. Corolla lobes acute.
d. Tips of corolla lobes inflexed; breadth of infra-staminal
scales exceeding or about equalling the length.
e. Calyx lobes acute, not overlapping; infra-staminal scales
reduced to two small wings near the base of the corolla
tube; whole perianth fleshy, papillose C. Coryli

e. Calyx lobes obtuse, overlapping to form angles, giving
the calyx a pentagonal appearance; infrastaminal scales
very prominent, becoming exserted; median portions of
perianth segments generally glandular ... C. pentagona

d. Tips of corolla lobes not inflexed; flowers not fleshy or
glandular; infrastaminal scales oblong, several times as long
as broad, truncate or bifid C. Polygonorum

¢. Corolla lobes obtuse
f. Capsule capped by the withered corolla; infrastaminal scales
narrow, generally less than twice the breadth of the anther;
flowers generally 4-parted C. Cephalanthi

f. Corolla not carried to the apex of the capsule; infrastaminal
scales generally more than twice the breadth of the anther;
flowers mostly S-parted.
g. Infrastaminal scales rounded or truncated and usually
about as long the the corolla tube; styles about as long
as the ovary or somewhat shorter; capsules seldom as
much as 6 mm. in diameter C. Gronovii
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g. Infrastaminal scales much shorter than the corolla tube,
bifid or truncate; styles mostly considerably shorter than

the ovary; capsules large, oft

en 6 m

eter e -

C. glomerata Choisy.
the state.

C. cuspidata Engelm.

m. or more in diam-

C. curta

(Fig. 1) Across the southern end of

(Fig. 2, dot) The only specimen is

one from Boscobel, Grant County, collected by C. H. Sylvester,
July 31, 1886, now entered as No. 22107 in the Public Museum,

Milwaukee.
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C. Coryli Engelm. (Fig. 8) Mostly southern but one collec-
tion from Polk County. Quite common.

C. pentagona Engelm. The only representative of this spe-
cies seen from the state is the collection of N. C. Fassett from a
sandstone ledge three miles south of Mt. Ida, Grant County.
(Fig. 2, circle)

C. Polygonorum Engelm. (Fig.4) Southern. Not common.

C. Cephalanthi Engelm. (Fig. 5) Common in the southern
half of the state.

C. Gronovii Willd. (Fig. 6) The most common species.

C. curta (Engelm. Rydberg. (Fig. 2, cross) Closely related
to C. Gronovii but very rare, the only collection being from
White River, Ashland County, L. S. Cheney, July 11, 1896, No.
4738.

CONVOLVULUS

C. sepium L. (Fig. 7) Very common except in the north-
eastern part of the state. No convincing specimens of C. sepium
var. pubescens (Gray) Fernald have been seen although a few
specimens are more or less pubescent and some have less hastate
leaf blades with auricles more rounded than those of typical
C. sepium.

C. spithamaeus L. (Fig. 8, dots) Throughout the state. Ap-
parently most prevalent in the northeastern part of the state.

C. spithamaeus var. stans (Michx.) n. comb. (Fig. 8,
squares) Volvulus spithomaeus var. stans (Michx.) Farwell as
to name only. C. stans Michx. F1. Bor. Am. 1:136. 1803, not
Wherry, Torreya 29:105. 1929. C. camporum Greene in part.
Less common; in the northern part of the state and on the cen-
tral plain. This plant may be distinguished from the preceding
by the leaf-blades which are covered with a dense, white, velvety
pubescence and tend also to be more cordate at base. This vari-
ety is found across the northern edge of the range of C. spith-
amaeus as shown by Wherry, Proc. Penn. Acad. Sci. 7.1933.
The characters cited above are mentioned in Michaux’s descrip-
tion and are emphasized by Wherry as the salient ones in dis-
tinguishing this plant. Distribution also indicates that they are
the significant characters while the characters given by Greene,
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such as position of flowers and tendency to twine, appear to
have no diagnostic value in specimens examined.

C. arvensis L. (Fig.9) Southward from Buffalo and Wau-
shara Counties. Many specimens intergrade between this and

C. arvensis var. obtusifolius Choisy (Fig. 10) which is some-
what less common.






AN ACQUIRED PARTIAL IMMUNITY TO THE TOBACCO
STREAK DISEASE

JAMES JOHNSON*

The disease recently described under the name of “tobacco
streak”* has been seen for over 15 years in Wisconsin tobacco
fields. Out of hundreds of plants thus observed, practically com-
plete recovery of affected plants has been such an outstanding
characteristic that the virus nature of the disease was not seri-
-ously suspected until 1933. During studies of the disease on
greenhouse plants by means of artificial transmission, the same
typical “recovery” occurred regularly, as in the field. Follow-
ing recent studies by others’® on acquired immunity to plant
viruses, it appeared that “tobacco streak” might be a suitahle
disease in which to seek corroboratory evidence of this phenome-
non in plants. A series of experiments were therefore con-
ducted which have resulted in the conclusion that recovery from
“tobacco streak” cannot be satisfactorily interpreted otherwise
than as an acquired immunity or resistance to the disease on
the part of affected plants.

EARLIER STUDIES

The subject of acquired immunity to disease in plants has
fascinated plant pathologists for some time2. Little or no con-
clusive evidence of its existence can be said to have been esta-
blished among the fungus and bacterial diseases. That it may
_ occur among plant virus diseases has only recently been demon-
strated, and we are indebted chiefly to the investigations of
Price® and Kunkel® for the present interest in the problem. These
writers adequately summarize the earlier, less conclusive and
more fragmentary references to the subject, to which the inter-
ested reader is referred.

Price® in 1932 investigated tobacco ring-spot, where partial
recovery from the first attack of the disease is said to be char-
acteristic on ordinary tobacco, (Nicotiana tabacum L.). In oth-
er species, however, notably Nicotiana sylvestris (Speg. and

* Cooperative investigations of the Wisconsin Agricultural Experiment Station and the

Division of Tobacco and Plant Nutrition, Bureau of Plant Industry, United States Depart-
ment of Agriculture,
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Comes), recovery from symptoms was found to be regular and
complete. The virus is readily transmitted by plant extract to
healthy individuals, which exhibit typical symptoms of the dis-
ease in a few days, after which time new leaves are formed free
from symptoms. The virus is, however, present in these “re-
covered” leaves in high concentration, as well as in normal viru-
lence. Reinoculation of such recovered plants in approximately
the same condition as healthy control plants yields no further
symptoms in the former, whereas the latter take the typical dis-
ease. Price found further that cuttings from immune plants, as
contrasted to cuttings from healthy plants, retained the acquired
immunity, and the virus, through three generations, but no im-
munity was transmitted through the seed. The presence of anti-,
bodies or the movement of any immunizing principle beyond the
boundary of virus-infected tissue could not be demonstrated.

This evidence offered for the existence of acquired immunity
in the case of tobacco ring-spot was perhaps not by itself en-
tirely convincing. In 1934, however, Kunkel® reported results
of a similar and more definite nature, using the ordinary tobacco
mosaic virus and closely related strains, together with some
modification in technique. It was found that, when the yellow
tobacco mosaic virus (“aucuba” mosaic) was rubbed over the
surface of N. sylvestris leaves, necrotic lesions were produced in
abundance, whereas the ordinary tobacco mosaic virus produced
no such necrotic lesions on this species. If, however, the ordi-
nary mosaic virus was first rubbed over the leaves, followed
2 days later by similar inoculation with the yellow mosaic virus
on the same areas, the latter failed to produce necrotic lesions.
The leaves or portions of leaves inoculated with ordinary to-
bacco mosaic virus were evidently immunized against the ne-
crosis from the yellow tobacco mosaic virus. It was found that
the immune reaction was closely confined to the parts inoculated.
Systemic immunity followed, but was closely associated with the
progress of the immunizing virus. Other viruses, like those of
cucumber mosaic and ring-spot, afforded no immunity to the
yellow tobacco mosaic virus, but attenuated strains of the to-
bacco mosaic virus immunized as well as the ordinary strain of
this virus.
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METHODS OF INVESTIGATION

Plant virus diseases are not only generally systemic in the
ordinary sense, but the virus virtually penetrates into and mul-
tiplies in every cell of the affected host. Once infected, the host
normally remains so throughout its life, including all subsequent
generations propagated vegetatively therefrom. Exceptions oc-
cur chiefly in hosts in which certain viruses may cause only local
infection. Despite this systemic invasion, the total or partial
recovery of plants from the symptoms of many virus diseases is
relatively common. It should be emphasized that the recovery
is from the symptom expression, not from the virus itself, which
may be, and usually is, present in recovered parts in normal
amount and virulence. This recovery has in most instances
been rightfully attributed to environmental influences both in-
ternal and external to the host®. That is, the symptoms are said
to be masked, and when the environment is again favorable the
symptoms reappear. However, all cases of recovery do not ap-
pear to result from such environmental influences, since in some
virus diseases recovery comes about apparently regardless of the
environmental conditions offered. Nevertheless, while one may
maintain or change the external environment with reasonable
certainty as occasion demands, it is not safe to predict the effect
of the internal environment of a recovered plant with respect to
its predisposition to disease, following the shock and check of a
disease which invades every cell. Particular caution must there-
fore be exercised in performing experiments on immunity and
in drawing conclusions therefrom, in order to avoid confusion
with such types of recovery as may be due solely to such condi-
tions as plant age and vigor, since, contrary to general belief,
the less vigorous the plant the more likely it is to tend toward
recovery from a typical set of symptoms. The success of experi-
ments may therefore depend a great deal upon the plants se-
lected for study and the use of adequate controls. In the case of
the tobacco streak virus it is also important to select suitable
young infected leaves as a source of inoculum.

In the present experiments, potted plants of various ages,
sizes and degrees of vigor have been used, from those just large
enough to be inoculated to plants 18 inches in height. These
plants were all grown in a rich greenhouse compost soil and all
experimental trials were performed in the greenhouse at a tem-
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perature of 80-90° F. The rubbing method of inoculation was
used with freshly extracted virus from newly diseased tissue.
On young plants, local and systemic necrosis usually developed
in three days. The systemic necrosis affects only 2 or 3 of the
young leaves. They are never killed, but remain marked by ne-
crosis and dwarfed. Succeeding leaves show no necrosis, and
usually grow to about normal size, but under the environment of
the warm greenhouse they may continue to show more or less
mottling®. Reinoculations were made either on the recovered
leaves at various stages of growth or on lower leaves not previ-
ously inoculated or affected by necrosis. It may be argued that
the reinoculation of leaves or plants already containing the same
virus might not be expected to produce disease, but this is the
logical method of determining immunity. In the cross-immuni-
ty studies, that is, by subsequent inoculation with different vir-
uses, this objection does not hold; though, on the other hand,
acquired immunity is not normally to be expected in such in-
stances. Trials of this type are, however, of special interest
from various points of view; and, in the present connection,
because of their varying influences on the hosts, served particu-
larly well as a modified form of control to the reinoculations with
the streak virus.

EXPERIMENTAL RESULTS

During the course of the greenhouse investigation on the
streak disease of tobacco (N. tabacum L.) and the virus causing
the disease?, together with the subsequent more detailed studies
on acquired immunity, approximately 800 plants have been inoc-
ulated with the virus, usually in separate series of five plants
each, over a period of nine months. In no case has recovery
from the necrotic form of the disease failed to occur, nor has a
second attack of necrosis subsequently developed. In field ob-
servations of the disease, where total recovery from both ne-
crosis and mottling is even more striking, a mild recurrence of
the necrotic form of the disease on secondary or “sucker”
growth may occur occasionally, apparently as a consequence of
the late entrance of the virus into rapidly growing tissue.

While the presence of the virus in the recovered leaves may
usually be concluded from the mild mottling which occurs on
greenhouse-grown plants, inoculations have been made at vari-



Johnson—Tobacco Streak Disease 31

ous times back to tobacco from 20 such recovered leaves. Out
of 85 plants thus inoculated, 83 came down with typical streak,
showing that the virus was present in approximately normal
amount and concentration in these recovered leaves, since this
virus is relatively sensitive to dilution®.

In twenty-six separate series of trials, comparative reinocu-
lations were made with the streak virus to both recovered plants
and leaves of various ages, sizes, and degrees of vigor. Out of
130 plants thus inoculated, none has shown a second necrotic
attack of the disease, though a few have shown some primary
necrotic lesions on the inoculated leaves, where such reinocula-
tions were made on leaves below the point of the original inocu-
lation. Out of 130 healthy control plants inoculated at the same
time and with the same inoculum, 115 came down with necrotic
streak. The failure to secure 100 per cent infection occurred
usually on the older, larger, and less vigorously growing con-
trols, which are apparently somewhat less predisposed to infec-
tion and offer more natural resistance to systemic invasion of
the virus. Such plants were, however, frequently infected
though only to the extent of about 50 per cent of those inocu-
lated.

In the above trials the plants selected as controls were often
older, larger, and less vigorous than the previously infected
plants, but in all instances systemic necrosis was secured on
one or more of the controls and never on the previously infected
individuals. These experimental results seem to show conclu-
sively that tobacco (N. tabacum) plants previously infected with
“streak” become immunized to a subsequent attack by the ne-
crotic form of the same disease. The nature of the evidence is
. such that it is best demonstrated by illustrations, of which only
a limited number can be presented (Figs. 1, 2, 8, 4, 5.).

The host range of the tobacco streak virus is not yet known,
but not all solanaceous plants are susceptible. All species of the
genus Nicotiana which have been tested have been found sus-
ceptible, but to a widely varying degree. Several forms closely
related to N. tabacum and frequently treated as varieties of that
species react in an almost identical manner to N. tabacum, that
is, they yield typical systemic necrosis which is soon followed by
“recovery.” This group includes N. tabacum L. var. atropur-
purea, var. calycifiora, var. chinensis, var. laterrima, and var.
macrophylla. N. sylvestris Speg. and N. repanda W., although
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not closely related to N. tabacum, react in the same way. In con-
trast with these, N. acuminata Grab., N. glutinosa, N. nudicau-
lus G. Watson, N. longiflora Cav., and N. biglovii Wats. typically
yield no neerotic symptoms, but mottling only, from which re-
covery is not evident. N. alata grandifiora Com. and N. sanderae
Sander. tend to yield a chlorotic type of symptom. N. quadrival-
vis Pursh var. multivalvis, N. paniculata L., and N. rustice L.
are susceptible to infection, but yield very mild if any symptoms
i.e., they possess a natural resistance to both the mottling and
necrotic form of the disease. It is clear that acquired immunity
to tobacco streak is characteristic chiefly of the necrotic form of
the disease and is hence largely limited to species on which ne-
crosis oceurs.

Prior infection with several other viruses has failed to yield
any definite protection against ‘“tobacco streak’”. The viruses
used in these trials were those of: 1, ordinary tobacco mosaic
(tobacco virus 1) ; 2, ordinary cucumber mosaic (cucumber vir-
us 1) ; 3, tobacco ring-spot; 4, potato ring-spot; 5, potato “mot-
tle”; 6, potato veinbanding. Ordinary tobacco mosaic, which
stunts and malforms the leaves of tobacco to the greatest extent,
apparently offers no immunizing action, whereas the tobacco
ring-spot and potato veinbanding viruses, which check growth
only slightly, appear to yield a slight protection. The other
viruses resembled that of tobacco mosaic in yielding little or no
protection. It should be recalled in this connection that, unless
some immunizing action is offered by one of two viruses present
in a host, the resultant combination disease is usually more se-
vere on the host than that caused by either virus alone.

Cross-immunity inoculation trials, ¢.e. through inoculating
streak-infected plants with the above-named six viruses, yielded
no evidence that the streak virus protected the plants against
any of the latter viruses. It appears clear that the immunity
acquired by tobacco through the streak virus is specific for this
virus.

DiISCUSSION

The control of disease in man and animals through the prin-
ciples of acquired immunity is common practice. In the plant
kingdom virtually no progress has been made in this direction.
This situation is not accidental, nor a consequence of neglect,
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but is a result of the innate differences between plants and ani-
mals. Hence good examples could be offered as proof of the
nonexistence of acquired immunity, and many good reasons sug-
gested for the belief that such a phenomenon is not likely to
occur in plants. The recent evidence which is accumulating with
respect to acquired immunity toward plant viruses is, however,
of such significance that it can no longer be seriously questioned.
‘Whether or not it is to be regarded as of the same character and
nature as the acquired immunity exhibited in animals is open to
question, as has been pointed out by Kunkel®. Acquired immu-
nity to tobacco streak is evidently dependent upon the presence
of the virus in the tissues, and in this respect agrees with Price’s
and Kunkel’s observations. The case of tobacco streak differs
somewhat from that of tobacco ring-spot in that the recovered
leaves are apparently not immune to the mild form of streak
(mottling), although they are completely immune to the severe
form of streak (necrosis).

It is not likely that protective inoculation of individual
plants may be a practical control measure for ordinary crop
plants grown annually from seed. In the case of vegetatively
propagated plants, however, it seems likely that immunization
may be artificially applied, if indeed it has not already been de-
veloped empirically in some instances. Attention may be called
in this connection to the regular presence of certain viruses in
all standard varieties of American potatoes, without any symp-
toms whatever being exhibited under any known environmental
conditions. This situation has been rather obscurely explained
by reference to examples of “symptomless carriers,” of which, to
be sure, this is one of the best examples among plant viruses.
Those who would place such apparently healthy potatoes among
examples of “masked carriers” are even more obviously begging
the question®. In the light of the present conception of acquired
immunity in plants, is it not more likely that the potato mottle
and potato ring-spot viruses, which appear to have established a
permanent association with the vegetatively propagated potato,
are able to do so without producing symptoms by virtue of an
acquired immunity on the part of the potato? This theory is
supported in part by the observations of both Botjes! and Sala-
man? and others, who have noted the protective action of a mild
strain of a potato virus (probably the “mottle” virus) against
a more severe strain. Such protective inoculation by the potato
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mottle virus has been further corroborated by the writer against
the potato ring-spot virus, a closely related form (Fig. 6).

SUMMARY

Tobacco plants naturally affected in the field with tobacco
streak, a virus disease characterized by necrosis in or along the
veins of the leaves, regularly show “recovery’” from the necrotic
symptoms.

Approximately 800 tobacco plants, artificially inoculated un-
der greenhouse conditions, have all shown a similar character-
istic of early “recovery” from the first attack of the typical dis-
ease. One hundred and thirty recovered plants of various sizes,
ages, and degrees of vigor, when reinoculated with the streak
virus, have in all cases failed to succumb to a second attack of
the necrotic form of the disease. Of the same number of ade-
quate controls, 115 yielded typical streak. Certain other species
of Nicotiana behave in a similar manner.

Six other viruses failed to yield any significant protection
against streak. Conversely, the streak virus failed to protect
the host against the other viruses tested.

‘It is believed that recovery from the tobacco streak disease
is a good example of acquired immunity, and that, in the case of
some vegetatively propagated host plants, artificial immuniza-
tion against certain virus diseases may become a practical con- '
trol measure.
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Fig. 3. Recovery from necrotic form of tobacco streak distinct, but some vein
clearing and mild mottling evident on recovered leaves.



Fig. 4. An older plant inoculated when young, showing lower leaf with signs of
primary infection, with two leaves immediately above necrotic and dwarfed
followed by upper leaves entirely free from necrotic symptoms.
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Fig. 6. Lower 3 leaves inoculated with potato “mottle” virus, followed 5 days later
by inoculation with potato “ring-spot” virus. Compare with 3 control
leaves above inoculated with ring-spot at same time.






FOSSIL EVIDENCE OF TWO PRAIRIE
INVASIONS OF WISCONSIN

HARRY V. TRUMAN

Beloit College

A study of the fossil pollen content of the Gibraltar bog in
Columbia county, Wisconsin, indicates that the post-glacial for-
est succession of the region has been twice interrupted by prairie
conditions. This bog lies at the foot of Gibraltar Bluff, about
three miles northwest of Lodi, Wisconsin. It is seven miles
within the western limit of advance of the Green Bay lobe of
the Wisconsin Glaciation (Alden ’18) in the region mapped by
Alden as ground moraine, but which in the vicinity of the bog
is perhaps more aptly described by the term “pitted outwash”.
The peat deposit, which was found by a series of borings to be
about seven meters thick at its deepest point, rests upon gray
clay of glacial origin over bed rock described by Alden as “light
colored friable sandstone.” The saturation of the peat is main-
tained by a small stream of water flowing into the bog at the
east end. There is no visible outlet. The land to the west and
south of the bog is under cultivation; that to the east is pasture,
and on the north rises the bluff, the slopes and top of which are
wooded. Oak is the most prominent feature of the forest flora.
Elm, ironwood, poplar, basswood, hickory, red cedar and white
pine are also present. The vegetation of the bog proper is
chiefly Sphagnum, leatherleaf, cotton grass and bog birch. There
is a peripheral band of sedges containing some patches of cat-
tails, and a surrounding moat which in normal years is filled by
water but which, at the time this study was made, was free
from standing water except for an occasional pool. The vegeta-
tion of the moat consisted chiefly of grasses, sedges, Sagittaria
and Bidens spp. Sparganium androcladum (Engelm.) Morong.
is present in one of the pools. The bog is devoid of tree growth
except for a small dead tree, apparently Lariz. Bark and twigs
of what appears to be Betula spp. (not B. pumila var. glanduli-
fera) have been excavated from a depth of 40 inches in the vi-
cinity of the dead tree. No other evidences of forest peat have
been found. The relatively few species represented in the edaphic
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flora and the absence of forest interruption of the bog succes-
sion, together with its considerable depth, make this deposit an
especially suitable subject for the investigation that has been
conducted.

METHODS

Pollen counts were made from a column of peat taken from
the center of the bog at a point where it was 614 meters deep.
The peat was removed by means of a Davis peat sampler and its
subsequent treatment was similar, with slight modifications, to
the methods described by Erdtman (’81). Counts were made
at quarter meter intervals, each count consisting of a minimum
of 200 pollen grains. Opinions vary as to the number of grains
constituting a reliable count (Bowman ’81, Sears ’31). In the
present instance, in a series of 86 species counts, it was found
that in 51% of the cases the counts were stabilized to within
1% at the end of the first hundred; 80% were stabilized to
within 1% at the end of the second hundred; 93% to within
1% at the end of the third hundred; and 94% to within 1% at
the end of the fourth hundred. 56 % of the species counts reached
complete stability at the end of the third hundred. Stability is
defined as the point at which counting an additional hundred
does not affect the percentage of the total to the extent of 1. On
the basis of this evidence, 200 pollens in each level were taken
as a reliable count except in instances where wide disecrepancies
between the first and second hundreds occurred in the percent-
ages of significant pollens. In those cases a third hundred was
counted.

RESULTS

A series of borings was made to ascertain the stratigraphic
features of the bog. The lower levels of peat were found to be
limnic in origin. In the center of the bog this peat consisted of
a quarter meter of gray ooze, which was topped by a two meter
thick layer of the remains of water mosses including species of
Drepanocladus (identified by Mr. L. S. Cheney). Toward the
eastern end of the bog the limnic peat consisted of 1.5 meters of
Potamogeton remains among which was identified Potamogeton
Robbinsii Oakes. In the center of the bog the limnic peat was
covered by two layers of raw Sphagnum peat separated by a
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Fig. 1. Pollen frequency curves of the three major dominants, oak, larch and
ragweed. The nature of the peat is shown in the column on the right.

layer of black, highly oxidized peat, or muck, (Fig. 1). Nearer
the eastern shore the Sphagnum peat was found to be inter-
rupted by two layers of muck, the second, or higher layer, show-
ing a greater degree of disintegration than the first.

The percentages of pollen occurring at each quarter meter
level are given in Table I. Where it has been possible to do so,
identification of the species has been made; otherwise identifi-
cation has been carried only to the genus or family. In analyz-
ing the data presented by the pollen counts, the writer believes
that it is necessary to separate the pollens into two groups: the
edaphic pollens, or pollens of those plants that have contributed
directly to the formation of the peat; and the exotic pollens, or
pollens of those anemophilous species growing in the surround-
ing region. The frequency of each species is then computed in
terms of the percentage of its own group. This step is justified
by the fact that fluctuations in the frequencies of edaphic and
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exotic species may be due to totally unrelated causes, and occa-
sional high percentages of certain edaphic species so distort the
frequencies of the exotic pollens as to obscure their relationship
to each other and to their own frequencies at different levels.
Table II contains the pollen frequencies of the significant groups
computed as described above.

Figure 1 presents graphically the frequencies of the three
major dominant pollens. The position of larch in this group
may be questioned because of its high selectivity in habitat. As
this pollen, however, reaches its maximum frequency during the
lake period of the bog, it cannot justly be included among the
edaphic species, but its presence is an indication of the preva-
lence of peat soil in the surrounding area during the early stages
of development of the bog. With the rapid diminution of larch
pollens to zero, oak becomes the major dominant pollen in the
peat until the 0.25 meter level where it is abruptly replaced by
ragweed pollen which maintains its dominance in the surface
level.

As shown in Figure 2, the dominance of oak pollen in the
peat is interrupted at two points by grass and at one point by
maple. The earlier of the grass interruptions, at the 2.5 meter
level, is associated with a marked decrease in oak, but with
slight diminution in the frequency of conifer pollen, which is
represented at this level by only pine (Table II). The second
interruption, at the 1.75 meter level, is correlated not only with
a sharp decrease in oak pollen, but also with the almost complete
disappearance of conifer pollen. It is of interest also to note
here the high frequency of grass pollen in the very earliest stage
of development of the bog, where it is exceeded only by larch.
The maple maximum in the 0.75 meter level does not involve in
any degree an interruption of the forest succession, but does
indicate its trend during the period represented by that level.

CONCLUSIONS

Stratigraphic study indicates that Gibraltar bog was initi-
ated in a small lake immediately upon recession of the third
substage of Wisconsin glaciation, and that it contains an essen-
tially unbroken record, in the form of plant remains and pollen
deposits, of that portion of the flora which has contributed di-
rectly to the buildingup of the peat and also those anemophilous
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Fig. 2. Pollen frequency curves of oak, grass and maple.

species which have entered into the composition of the surround-
ing vegetation. Pollen analysis of the peat indicates that coni-
ferous forests were established in the region immediately upon
the initiation of the bog and remained as the prevailing forest
flora during its early development. The high frequency and
subsequent disappearance of larch during this period of develop-
ment may, because of its high selectivity in habitat, be due to
edaphic causes having little or no correlation with climatic con-
ditions.

The second stage in the forest succession involves the disap-
pearance of larch and the assumption of dominance by oak. The
period of oak dominance is interrupted at two points by grass.
The nature of these two interruptions differs in that the first is
associated with a considerable amount of pine, whereas the sec-
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ond, which is much more marked than the first, involves not
only a sharp decrease in oak but also the almost complete loss of
pine, and is correlated with a layer of highly oxidized peat. Al-
though Voss (’34) in several analyses limited to the pollens of
forest species finds no evidence of climatic fluctuations, the
writer believes that these two grass interruptions of the forest
succession can be explained only by environmental changes of a
general nature, presumably climatic. Assuming the validity of
the climatic significance of fossil pollens suggested by Sears
(’81), the first interval of grass dominance would, because of
its association with pine, represent a cool dry period of post-
glacial time, while the second interval would represent a warm
dry period of sufficient intensity to bring about the severe de-
generation of the surface of the bog which is evidenced by the
layer of muck formed at that time. The amelioration of this
dry period is indicated by the increase in maple in the succeed-
ing levels of the peat.

The marked increase in the frequency of ragweed indicated
in the two upper levels of peat is undoubtedly correlated with
the clearing and cultivation of the adjacent land.
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TABLE II. PERCENTAGES* OF EXOTIC POLLENS
Depth M Fir | Larch | Spruce Pine | Maple | Oak | Ragweed | Grass | Others
0 1 7 10 64 10 8
% 3 5 13 61 10 8
% 1 9 18 49 1 H 17
% 9 29 27 5 13 7
1 2 12 13 49 1 12 11
1% 3 13 58 2 5 19
1% 14 8 43 2 19 14
134 2 5 27 1 47 18
2 6 12 10 33 2 12 25
2% 2 11 9 46 5 9 18
24 14 13 28 7 35 3
2% 4 17 7 30 6 10 26
3 1 17 4 43 9 12 14
3% 13 9 26 11 12 29
34 13 8 28 12 10 29
3% 1 9 8 36 10 6 30
4 2 3 2 21 2 27 5 13 25
4% 1 16 4 25 9 9 36
43 1 21 1 25 11 11 30
434 32 1 7 3 25 2 7 23
5 16 8 17 3 14 1 6 35
5% 1 43 2 12 1 13 3 9 16
5% 58 1 5 1 15 1 4 15
534 30 2 12 1 25 2 3 25
6 1 13 2 15 1 10 1 6 51
614 H 29 4 1 9 24 28

* Fractional percentages stated in terms of the nearest integer,



COMBINED NITROGEN AND THE NITROGEN FIXATION
PROCESS IN LEGUMINOUS PLANTS*

P. W. WILSON AND F. C. WAGNER

For more than fifty years the fact of fixation of elemental
nitrogen by biological agents has been established, but knowl-
edge of the mechanism of the process is still quite meagre. In
contrast to the high temperatures and pressures required for
the industrial processes, biochemical fixation of nitrogen occurs
in the living cell under ordinary temperature and pressure con-
ditions. Knowledge of how fixation is accomplished in nature
probably would have definite practical application in addition to
its theoretical importance to biological science. Although at-
tempts to reach an understanding of the mechanism have met
with little success, research involved has revealed a number of
the chemical factors concerned in the process. One of the most
interesting of these is the so-called “combined nitrogen effect.”

If an inorganic source of nitrogen (ammonium salts, ni-
trates) is supplied a leguminous plant inoculated with the prop-
er species of bacteria, invasion of the plant, t.e., formation and
development of nodules, and fixation of free nitrogen are greatly
inhibited. Of the hypotheses? which seek to explain this appar-
ent ability of a plant to control the fixation process according to
its needs for nitrogen, the one based on supply of carbohydrate
appears to be best supported by experimental data.

In contrast to the effects of combined nitrogen usually ob-
served, occasional reports! claim that small quantities of com-
bined nitrogen exert a beneficial effect on nodule formation and
fixation of free nitrogen by inoculated leguminous plants. Sug-
gestion has been made that the origin of this apparent contra-
diction of effects lies in the stimulative action of small quanti-
ties of combined nitrogen on the development of the plant.
Experiments to be discussed in this paper indicate that the ob-
servations can be explained by an extension of the carbohydrate

* Herman Frasch Foundation in Agricultural Chemistry, Paper No. 94. Contribution from
the Departments of Agricultural Bacteriology and Agricultural Chemistry, University of Wisconsin.
Manuscript received June 10, 1935.



44 Wisconsin Academy of Sciences, Arts, and Letters.

supply hypothesis, and thus a common basis is provided for in-
terpretation of apparently discordant data.

EXPERIMENTAL

Suggestion of the carbohydrate hypothesis was first obtained
from experiments in which inoculated clover plants were sup-
plied additional CO,% In this work if the pCO; of the atmo-
sphere exceeded 0.5 per cent, frequently the onset of nitrogen
fixation was delayed and the period of “nitrogen hunger” pro-
longed. Plants in this stage had yellow leaves, red stems and
were quite stocky. Examinations of roots of these plants showed
numerous small, round, scattered nodules. Plants of the same
age supplied with air (0.03 per cent CO.) were green, thrifty
with few well-developed nodules. As soon as nitrogen fixation
started in the plants given additional CO, development was very
rapid and eventually the plants exceeded those grown in air with
respect to both size and nitrogen fixed.

Inoculated Manchu soybeans grown outside under intense
sunlight and long days responded in a manner similar to clover
plants given additional CO,. Nitrogen fixation was delayed and
the plants remained small, yellow and woody; uninoculated
plants given combined nitrogen were large, green and thrifty.
Shading plants of the inoculated series for one week resulted in
the onset of nitrogen fixation accompanied by rapid development
of the plants3.

An interpretation of these observations was that under cer-
tain environmental conditions (high CO,, high light intensity,
low combined nitrogen in substrata) an excessive carbohydrate-
nitrogen balance obtained in the plants. This excessive balance
restricted development of nodules and fixation of nitrogen. Any
factor which narrowed the carbohydrate-nitrogen relation, e.g.,
shading, stimulated increase of nodules and fixation of free ni-
trogen.

Tests of this hypothesis were made by study of nitrogen fixa-
tion and nodule development by clover plants in which the car-
bohydrate-nitrogen balance was varied. Ten clover plants were
grown in 64 oz. glass bottles supplied with an atmosphere in
which the pCO, had been increased to 0.5 per cent. A nitrogen-
poor sand plus nitrogen-free Crone’s solution was used as a sub-
strate. Inoculation with Rh. trifolii was delayed until plants
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given no combined nitrogen exhibited signs of marked carbohy-
drate excess. Variation of the carbohydrate-nitrogen balance
was accomplished by supplying certain bottles in each experi-
ment with NH; NO; at different stages of development. At
harvests observations were made on number, size and distribu-
tion of nodules and determinations made of dry weight and total
nitrogen. The details of the treatment used in a given experi-
ment will be apparent from the tables. In experiments III and"
IV, one-half gallon stone jars were used as containers. In all
experiments made between Oct. 1 and Apr. 15 artificial illumi-
nation was used to supplement natural light*. Observations of
the nodules are detailed in the following:

EXPERIMENT I

No nitrogen added—nodules small and scattered.
8 mgm. N at planting—nodules large and clumped; often 10 to 20 in
one clump.

EXPERIMENT II

No N added—large number of small white nodules scattered over sec-
ondary roots.
8 mgm. N at planting—large number of large well developed nodules.
3 mgm. N at inoculation—fewer nodules than in other series; large and
well developed.
This experiment was made during extreme waves of heat and the
plants did not develop well.

ExPerIMENT III

No N added—few scattered, small nodules.

5 mgm. N at planting—numerous, medium size nodules.

5 mgm. N at inoculation—numerous, medium size nodules.

This experiment ran concurrently with experiment II, but the plants
were grown in open one-half gallon pots; the development of the
plants was much better in these containers.

The results of these three experiments are summarized in
table I. In tables II, III and IV are summarized the essential
data from experiments IV to VI including observations of nod-
ules.

DISCUSSION OF DATA

Consideration of the data in the tables and text indicates that
the outstanding effect of combined nitrogen on inoculated plants



46 Wisconsin Academy of Sciences, Arts, and Letters.

high in carbohydrate is to increase the size of nodules formed.
In general, nodules on plants with an excessive carbohydrate-
nitrogen balance (as indicated by low percentage of nitrogen)
were small, round and white; those on plants with a more nar-
row carbohydrate-nitrogen relation were medium to large in
size, oval and pink. The former type of nodule is characteristic
of those produced by inefficient strains of the organisms, where-
as, the latter is typical of efficient strains. It is of interest that
nodule production was made to vary by changing the carbohy-
drate-nitrogen relation of the plant in a manner analogous to
that resulting from use of strains of bacteria of different effici-
encies?.

Number of nodules usually was greatest on plants with the
widest carbohydrate-nitrogen relation, i.e., lowest percentage of
nitrogen. In some experiments this did not hold, but the dis-
crepancy arose from large differences in the size of the plants.
Plants given combined nitrogen at time of seeding were large
and hence would tend to have more nodules—independent of the
carbohydrate-nitrogen balance. In order to compensate for dif-
ferences in size, number of nodules per unit weight of plant was
calculated. On this basis, in all experiments except III, the num-
ber of nodules on plants decreased with the quantity of com-
bined nitrogen added.

In order to eliminate large differences in development of the
plants under comparison, combined nitrogen was added to cer-
tain series of plants at the time of, or immediately before, inoc-
ulation. The method was found to be quite effective in changing
the carbohydrate-nitrogen relation in the plants without marked
increase in the size. The effects of combined nitrogen on number
and development of nodules were practically the same as those
noted when the NH,NO; was added at time of planting. This
result indicates clearly that the beneficial effects of supplying
plants with small quantities of combined nitrogen arises not
merely because of increased development of the plant, but also
from change of unfavorable carbohydrate-nitrogen balance in
the plant.

Data of experiment IV (table II) offer striking evidence of
the manner in which the relative quantities of carbohydrate and
nitrogen in clover plants affect nodule formation and develop-
ment. Nodules were small on plants given no combined nitro-
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gen, much larger on plants given 1 to 3 milligrams NH,NOs-N
per bottle, but very small on plants given 5 milligrams of nitro-
gen. In all cases, number of nodules was inversely proportional
to quantity of nitrogen available. Similar data are supplied by
experiment VI, especially in the first harvest.

In clover plants with an extremely wide carbohydrate-nitro-
gen relation, not only is the development of nodules restricted,
but likewise fixation of atmospheric nitrogen is delayed. Data
summarized in table III indicate that plants with the higher per-
centages of nitrogen at time of first harvest initiated the fixa-
tion of free nitrogen earlier and developed more rapidly (dry
weight) than did those with a wider carbohydrate-nitrogen bal-
ance.

The acceleration in development of the plants given NH,-
NO;-N which initially depended on a source of readily available
nitrogen is maintained because of the increased rate of free ni-
trogen fixation by these plants. Since the experiments were
relatively short, the differences in quantity of nitrogen fixed
were not marked because the combined nitrogen added was still
an appreciable part of the total in the plant. With increasing
age, the differences would likely become more pronounced since
the development of plants is exponential in character and any
initial difference tends to become greater in absolute value with
time.

SUMMARY AND CONCLUSIONS

The data of these experiments suggest that a unified hypoth-
esis based on chemical composition of the plant may be of-
fered in explanation of the effects of combined nitrogen on nod-
ule development and fixation of free nitrogen by inoculated
* leguminous plants. Briefly, this hypothesis is: the response of
the symbiotic system of an inoculated leguminous plant to com-
bined nitrogen will depend on how the latter alters the carbohy-
drate-nitrogen relation of the plant. In a plant high in carbohy-
drate, addition of a small quantity of combined nitrogen will
favor development of nodules and fixation of free nitrogen; but
with large quantities, the reverse obtains. The significance of
these observations with reference to the more general problem
of the biochemistry of the fixation process is discussed in an-
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other paper®; certain practical applications will be briefly indi-
cated in this report.

On fields that are low in combined nitrogen planted with
small-seeded leguminous crops, it is possible that a disastrous
delay in the onset of nitrogen fixation may occur because of an
excessive carbohydrate-nitrogen balance in the plant. The slow
development of plants with excessive carbohydrate may be suf-
ficient to cause crop failure especially under unfavorable condi-
tions, e.g., hot, dry weather. In such cases, additions of small
quantities of combined nitrogen should prove economical, since
an impetus to the initial growth of the plant may result in de-
velopment sufficient for overcoming adverse environmental con-
ditions. Likewise, higher yields of crops will be favored if the
fixation process is not delayed.

In testing bacterial cultures for artificial inoculation of clo-
ver, alfalfa and other small-seeded leguminous plants, the re-
sults may be vitiated under certain conditions because of an
extremely wide carbohydrate-nitrogen balance in the plants. If
the plants in such tests are supplied with small quantities of
combined nitrogen, a better evaluation of the cultures might be
obtained. Also, it is possible that the time required for the
testing would be lessened because of the stimulation of the early
development of the plant.
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TasLE 1

Effect of combined nitrogen on nodule formation and nitrogen fixation by
inoculated clover plants high in carbohydrate

Nitrogen Nodules
Dry Per unit
Treatment we.* Total -| N. Fixed| 9% N. Total weight
mgm. mgm. mgm.
Expt. L.
No. added N ..ccoovviviercnnnn 225 6.84 4.34 2.93 167.2 743
3 mgm. N when
planted ....ccovvvviininininn 580 14.4 9.9 2.49 275.0 474
Expt. 11 ) .
No added N ....cccoevveririnnnen 76 1.4 0.0 1.84 36.6 481
3 mgm. N when )
planted 255 6.0 1.5 2.35 127.6 500
3 mgm. N w
inoculated 113 3.2 2.85 317 280
Expt. III,
No added N ....oocovvieennnns 252 4.42 1.08 1.75 84.6 335
5 mgm. N when .
planted ....cocvevienienenenn 314 569 | ... 1.81 151.0 480
5 mgm. N when
inoculated ... 390 9.49 1.15 241 156.3 400
Planted Inoculated Harvested
Expt. I 4—19—34 5—21—34 6—26—34
Expt. II 7— 5—34 8— 7—34 8—27—34
Expt. III 7— 5—34 8— 7—34 8—28—34

# All data in tables, unless otherwise noted, on 10 plant basis.

TaABLE II

Dry weight and nodule formation by inoculated clover plants
supplied combined nitrogen. (Expt. IV.)

Treatment Nodules

Dry

wt. per unit

of plants | Total wt. Observations

mgm.
None 250 108 428 M Sc R
1 mgm. N at time of inoculation 336 87 258 LCOP
2 mgm N at time of inoculation 398 83 210 L Sc O-R W-P
5 mgm. N at time of inoculation 413 37 89 SScRW
1 mgm. N 5 da before inoculation 405 127 313 LCO
2 mgm. N 5 da before inoculation 440 104 236 LCO
5 mgm. N 5 da before inoculation 333 15 44 SScRW
3 mgm. N 2 wks. after planting 5§50 95 173 M Sc O
3 mgm. N 3 wks. after planting 405 52 128 M So R-O
S—Small L—large Planted —11— 1—34
Sc—scattered C—clumped Inoculated —12— 5—34
W—white P—pink Harvested —12—27—34
R—round O—oval
B—brown M—medium
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TaBLE III.
Dry weight and nitrogen content of inoculated clover plants
given combined nitrogen

Treatment At Inoculation Harvest 1 Harvest 2

Dry | Total Dry|Total| N |Dry |Total [ N

wt. | N |%N | wt| N |[fixed| wt. | N |fixed
Experiment V mgm. | mgm. mgm |mgm. | mgm.| mgm. | mgm, | mgm.
None 150 1.6 {1.10{180[2.0 | ...*| 160 | 2.3 0.1
1 mgm. at inoculation 150 | 1.6 |1.10|180 (3.3 |01 | 200 | 3.6 0.4
3 mgm. at inoculation 150 { 1.6 |1.10 | 180 {4.5 | ... 235 | 5.8 0.6
2 mgm, 3 da. before inoc. 1701 2.6 |1.53 | 160 |4.1 | ... 240 | 5.1 0.9

Experiment VI

None 96 | 1.27 |1.32 | 136 | ... | .. ] 250 | 6.97] 5.69
2 mgm. at inoculation 96 | 1.27 |1.32 | 160 |4.64 | 1.37] 370 | 9.95] 6.68
5 mgm. at inoculation 96 |1.27 |1.32 131 {5.00 | ... 450 [12.5 6.23

2 mgm. § days before inoculation| 91 |2.26 [2.48 |148 [3.95]0.68] 353 |10.2 6.93

5 mgm. 5 days before inoculation| (17 |3.14 |2.68 {165 |5.22 | ... 470 |12.4 6.13

2 mgm, 2 weeks after planting 137 | 3.27 | 2.39 212 |4.64 | 1.37] 420 |10.6 7.33

5 mgm. 2 weeks after planting 167 | 5.06 |3.03 (298 |8.30|2.03] 625 {16.3 | 10.03

* Blanks indicate no nitrogen was fixed; total nitrogen does not exceed N added plus
nitrogen in plants to which no nitrogen was added at time of inoculation.
TABLE IV
Correlation between per cent nitrogen and nodule production
by inoculated clover plants

Treatment Harvest 1 Harvest 2
Nodules Nodules
per per
unit] Observa- unit{ Observa-
% N |Total | wt. tions % N |Total] wt. tions

Experiment V

None 1.10] 63 {350 |SRW 146|121 {756 |[M O-R C
1 mgm. at inoculation 1.84| 38 |211 |SR W 1.82 125} 625 |L O Sc

3 mgm. at inoculation 2.50) 31 |172| RM W Sc | 2.48] 80| 340 L O Sc

2 mgm. 3 da. before inoc. 255 15| 93|SR W 2,131 1151479 {L B C

Experiment VI

None 1 L. 54 [397| SR Sc 2.79| 100 | 400 | M Sc

2 mgm. at inoculation 2891 28 |175| M-L O Sc | 2.69| 85| 230 | M-L O Sc
5 mgm. at inoculation 3.81 6| 45IMO 2.78) 851189 |MOB

2 mgm. 5 days before inoc. 2.57] 49 |331|S W O Sc |2.90| 107] 303 | M-L Sc

5 mgm. 5 days before inoc. 3.16] 17 |103|M W R 2.64] 123|262 | M O-R

2 mgm. 2 weeks after planting| 2.19 | 117 | 551 | M O Sc W | 2.53] 182|433 | M-L O

5 mgm. 2 weeks after planting| 2.79| 97 [325| M-L O P 2.59] 186|297 | M-LO B
Planted Inoculated Harvest 1 Harvest 2

Experiment V 9—14—34 10—17—34 10—24—34 10—31—34
Experiment VI 1—19—35 2—22-35 3— 235 3—16—35




CONDUCTIMETRIC TITRATION OF ORGANIC BASES IN
GLACIAL ACETIC ACID

NORRIS F. HALL AND WILLARD F. SPENGEMAN
Chemical Laboratory, University of Wisconsin

It has been shown in a series of papers on highly acid solu-
tions,! that certain organic bases dissolved in glacial acetic acid
can be titrated potentiometrically with certain strong acids such
as perchloric acid and sulfuric acid also dissolved in glacial ace-
tic acid. The shape of the titration curves obtained in this way
is dependent, among other things, upon the strength of the base
titrated. By arbitrarily choosing a so-called pH¥A¢ scale* a
pKEAc for the base is calculated from the pHH4¢ value at half-
titration. In this way the pK¥Ac value for a large number of
organic bases was obtained, the numerical value of which placed
the bases roughly in three classes, weak, intermediate, and
strong.

It was felt that since these acid-base titrations in acetic acid
gave characteristic curves when followed potentiometrically,
they would likewise give characteristic curves when followed
conductimetrically and that perhaps the curves might yield fur-
ther information in regard to the relative strength of the or-
ganic bases. For this reason the conductimetric titration of a
number of organic bases dissolved in acetic acid was under-
taken.*

EXPERIMENTAL

Apparatus. A Leeds and Northrup no. 4666 Grinnell Jones
Conductivity Bridge® was used in conjunction with a two-stage
amplifier using a Hartley oscillator with a 201-A vacuum tube,
operating at 1400 cycles per second, as a source of current.

The titration cell was made of a soft-glass, glass-stoppered
test tube in which two bright platinum electrodes were sealed in
a fixed position at the bottom. The cell constant as determined

* After the completion of this work, Kolthoff and Willman® published curves for the conducti-
metric titration in acetic acid of sodium acetate with perchloric and hydrobromic acids and also
of silver perchlorate with hydrobromic acid. As would be expected, sodium acetate acted like a
relatively strong base.
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by comparison with a cell of known constant was approximately
0.055 at room temperature, the temperature at which the titra-
tions were carried out.

Materials. Perchloric acid, because of its strength was used
in all titrations. Anhydrous perchloric acid was prepared by
distilling a mixture of 25 ml. of 60% aqueous perchloric acid
and 50 ml. of 830% fuming sulfuric acid in an all glass still at

~about 5 mm. pressure, the receiver being surrounded by a hy-

drochloric acid-ice mixture and the distilling flask being heated
on a water bath. The anhydrous perchloric acid was cautiously
weighed from a weight pipet into glacial acetic acid and made
up to a definite volume to give a stock solution of known
strength.

The acetic acid used was purchased from the Niacet Chemi-
cal Company and was distilled in an all glass fractionating still.
All samples used froze above 16.2°C.

The organic bases were those used in the earlier studies and
were repurified by distillation, in the case of the liquids, and by
recrystallization in the case of a few of the solids. In all cases
the solutions were prepared by weighing out the base directly
and dissolving it in a definite volume of acetic acid. Guanidine
was used in the form of its acetate.

Procedure. Fifty ml. of the solution to be titrated was pi-
petted into the titration cell. The titrating reagent was added
from a 10-ml. buret graduated in 0.05 ml. divisions. Approxi-
mately one ml. was added each time, the cell shaken well after
each addition, and the resistance measured after two or three
minutes. The titrations were carried out at room temperatures
which ranged from 22° to 25°.

RESULTS AND DISCUSSIONS

Figure 1 shows the titration curves obtained with four or-
ganic bases by adding 1.66 M HCIO, in acetic acid to 50 ml. of
0.1 M base in acetic acid. Urea, the weakest base titrated, gives
a curve without a break which is quite similar to the conducti-
metric titration curve of a weak base in the water system. The
strongest base, diethyl aniline, gives some indication of strong
base behavior but on the whole shapes of the curves give very
little evidence of the known large differences in the strengths of

the bases. : A
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Fig. 1. Conductimetric Titration of Various Bases with Perchloric Acid

It was found that by adding the base to the acid, curves were
obtained which differentiated the relative strengths of the vari-
ous bases more clearly. Figure 2 shows the titration curves
obtaining by titrating 50 ml. of 0.01 M HCIO, with 0.1 M bases.

As can be seen, the graphs are identical in shape with those
obtained by the titration of bases of various strength against a
strong acid in the water system. Likewise, the slopes of those
portions of the graphs to the right of the equivalence point vary
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Fig. 2. Conductimetric Titration of Perchloric Acid with Various Bases

The bases used and their corresponding pKHA¢ values are: (1) diethylaniline,
3.15; (2) guanidine, 3.10; (3) pyridine, 2.93; (4) ethylaniline, 2.83; (5) methyl
p-toluidine, 2.79; (6) p-toluidine, 2.67; (7) m-toluidine, 2.57; (8) p-bromaniline,
2.20; (9) o-bromaniline, 0.90; (10) diphenylamine, —0.74; (11) urea, —0.93.

with the pK®Ac of the base just as the slopes of the graphs for
bases in the water system vary with base strength. Thus for
the strongest bases, such as guanidine and diethyl aniline, the
slopes are greatest, while for such weak bases as diphenyl amine '
and o-bromaniline the slopes are negative. The bases of inter-
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mediate strength show slopes of intermediate gradation.

The conductimetric curves do not differentiate between bases
of different strength as clearly as do the curves obtained poten-
tiometrically, and in some cases there is even a qualitative dis-
agreement between the two sets of results. Thus, diphenyl
amine (pK¥4¢ = —0.74) and o-bromaniline (pK®4c = 0.90) dif-
fer in strength by 1.64 pK¥4c units yet their graphs after the
equivalence point have practically the same slope. Pyridine has
a curve whose slope beyond the equivalence point is less than
those of a number of bases whose pKHA¢ yalues are smaller. In
the case of pyridine this can be accounted for by the fact that
pyridine perchlorate tends to precipitate. Other similar dis-
crepancies can be noted which give further indication* that as an
aid to the investigation of basic strength in non-aqueous solu-
tions, potentiometric methods have certain advantages.

SUMMARY

1. Organic bases dissolved in glacial acetic acid have been
titrated conductimetrically against perchloric acid in acetic acid.

2. The shape of the graphs is similar to those of acid-base
conductimetric titrations in water.

3. A comparison is made of the information furnished by po-
tentiometric and conductimetric titrations in acetic acid.
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EMERGENCY VALUES OF SOME WINTER
PHEASANT FOODS*

Iowa State College
PAUL L. ERRINGTON

It is fairly easy to classify winter foods for given kinds of
game into two extreme groups, namely, those which are of
known excellence as staples and those which are so inferior that
they are hardly eaten, even when prominently available. Inter-
mediate between the obviously good and the evidently poor food
types we have a third group, the constituent items of which are
not so easy to place in the nutritive scale.

Conservationists and game managers could well learn more
about this third group, since its constituent foods frequently
play an important part in the lives of such gallinaceous game as
ring-necked pheasants and bob-whites during the periods of win-
ter food crisis. The emergencies occasioned by snow or ice cov-
ering up or sealing most of the supply of corn or other staple
foods may be of comparatively brief duration, but they may be
attended, nevertheless, by heavy and sometimes wholesale mor-
tality.

The starchy, substantial type of food apparently necessary
for the wintering of pheasants and quail may be exemplified by
certain cultivated grains and weed seeds: corn, sorghum, bar-
ley, wheat, rye, soy beans, pigeon grass (Setaria), lesser rag-
weed (Ambrosia artemisiifolia), and a relatively limited number
of others that may serve as staples locally.

Foods of the questionable intermediate group have insuffici-
ent nutritive value in themselves to sustain pheasants and quail
on the predominate diets of one or the other into which the birds
are forced now and then by necessity. They are apt to be more
varied in kinds and distribution than true staples and may be
strongly represented in regular diets as well as in the diets of
desperate birds having access to little else. Moreover, these less
substantial foods may be abundantly present in areas virtually
lacking in true staples, thus giving the conservation-minded

*® Journal Paper No. J258 of the Iowa Agricultural Experiment Station, Ames, Iowa. Project 329.
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public a false impression of environmental adequacy for some
species it is making an effort to encourage.

The objective of this paper is to contribute information
which may be helpful in the evaluation of some of the foods con-
cerning which there has been more or less question with regards
to their effectiveness as emergency diet or as winter staples.

PREVIOUS WORK WITH BOB-WHITE

In connection with the recent Wisconsin quail investigation,
experiments were run with captive bob-whites to determine the
sustentative values of certain foods eaten in quantity under
emergency winter conditions (Errington, 1931).

The foods experimented with were some which field observa-
tions indicated could not sustain life during starvation crises,
although they were freely eaten by famished birds. Chief among
these were black locust beans (Robinia pseudoacacia), fruits of
bittersweet (Celastrus scandens) and of sumac (Rhus glabra,
R. typhina), rose hips (Rosa), dried wild grapes (Vitus vulpina,
V. bicolor), and sweet clover seeds (Melilotus). Of the foods
tested, only the beans of black locust proved to be sufficiently
substantial to carry birds through winter periods of emergency.

It should be pointed out that much material not ranking as
staple or effective emergency food is eaten by birds in the wild,
incidentally or to provide vitamins, fruit acids, minerals, or
whatever other substances may be essential to a well balanced
diet—the “salad” foods of Leopold (1933). Nothing in this
writing is meant to imply that foods are of no utility to a given
game bird species simply because experimentation and observa-
tion indicate that the birds cannot thrive upon them as a largely
exclusive diet. They cannot be depended upon as staples, never-
theless, and the supreme necessity of an adequate supply of
staple foods for a winter-habitable environment should not be
lost sight of.

TECHNIQUE OF PHEASANT F0o0oD EXPERIMENTS

The combined experimental and observational technique was
of such usefulness in studying the wintering of bob-white popu-
lations (Errington, 1933) that it was next tried out on pheas-
ants.
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The experimental work was done from January to April,
1933, at Lansing, Iowa, where the discontinuation of a state
game farm had made available for our purposes a stock of about
100 ring-necked pheasants. A cooperative arrangement was
made with the Iowa Fish and Game Commission by which Mr.
W. E. Albert, Jr. of their staff was authorized to handle and
supervise the experimental routine, including the care of the
birds and the collection of foods to be tested. The detailed ex-
periments were patterned after the ones conducted with quail in
Wisconsin, with modifications to meet local needs.

From 4 to 8 pheasants were used in each experimental lot
and were confined in pens constructed in such a way as to give
them a degree of protection from severe weather comparable to
that which they would be able to get if living in the wild. Grit
and water were freely available at all times and the birds were
given all of the single food items that they would consume.

Care was taken to remove food remnants from pens before
admitting birds to be used in particular experiments. As a
final preparation for each pen, hungry “clean-up” birds were
confined for several days without feeding, and it is not likely
that, by the time of their removal, they missed many traces of
food which we might have overlooked.

Weighings were usually made at weekly intervals for the
birds on food experiments. Birds experimentally starved were,
on the other hand, weighed daily to provide some sort of yard-
stick with which the different loss rates could be compared.

Cold doubtless did have an accelerating influence on the rates
at which birds on insufficient diets lost weight, as will be taken
up later in this paper.

Sex did not seem to make a great deal of difference in the
ability of pheasants to withstand hunger, so no separation of
data from cocks and hens will be attempted here. The role of
disease in influencing experimental results obtained was on the
whole probably negligible; obviously diseased birds were not
selected for important experiments, and the records of those
discovered to be diseased at post-mortem were carefully studied.

CHECK AND YELLOW CORN LoTS

For checks, two cocks and four hens were kept on a bal-
anced grain and green food ration an average period of 62 days
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between January 20 and April 7. The cocks averaged 2 lbs. 8 oz.
and the hens 1 1b. 14 oz. at the first weighing. The lot gained
an average of .015 oz. per bird per day.

To test the effect of monotony of winter diet on weight re-
tention of adult pheasants, when food of known excellence was
eaten, two cocks and four hens were fed nothing but shelled
corn on bare ground for periods varying from 35 to 77 days.
The cocks averaged 2 Ibs. 10 oz. and the hens 2 lbs. 2 oz. at the
beginning of the experiment. The average gain was .033 oz. per
bird per bird for an average of 61 days between January 20 and
April 7.

STARVATION LOTS

These experiments were run to determine maximum loss
rates resulting from total deprivation of food. The correlation
of temperature with loss rates is especially significant.

For lot No. 1, three cocks (av. wt. before starving, 2 lbs.
11 0z.) and five hens (av. 1 1b. 15 0z.), starved for an average of
12 days at a mean air temperature of 29.2° (F.), the average
daily loss per bird was 1.09 oz. The average loss per bird for
the first week was 5.7 o0z. or .8 oz. per day; 9.8 oz. in the next
five days or 2 oz. per day.

For lot No. 2, the same number and sex of birds at the same
weights, starving an average of 10 days at a mean air tempera-
ture of 1.6° (F), lost at a daily average of 1.27 oz. The aver-
age loss per bird for the first week was 8.4 oz. or 1.2 oz. per day;
10 oz. in the next 3 days or 3.3 oz. per day.

SuMmAc Lots

Fruits of sumac (Rhus glabra, R. typhina) are eaten by nu-
merous species of birds and sometimes in large quantities dur-
ing periods when food is scarce on account of heavy covering
SNOW.

It is somewhat questionable that the correlation of loss rates
with temperature is so pronounced as may appear.

For lot No. 1, one cock (2 Ibs. 7 0z.) and five hens (av. 1 1b.
15 oz.) lost an average of 1 oz. per day on a straight sumac diet
for an average of 13 days. The average loss for the first week
was 6.5 oz. or .9 oz. per day; for the next six days, 7.4 oz. or
1.23 oz. per bird per day. The mean air temperature was
25.3° (F.).
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Lot No. 2 was kept on the same sumac diet for the same
length of time but at a mean temperature of 34° (F.). One cock
(3 Ibs. 8 0z.) and three hens (av. 1 1b. 12 oz.) lost at the average
rate of .6 oz. per bird per day. The average loss for the first
week was 3.8 0z. or .54 oz. per day; for the next six days, 4 oz.
or .66 oz. per day.

SWEET CLOVER LOTS

Sweet clover, often cultivated, is also widely distributed as a
weed, occurring in locally heavy growths. It produces an abun-
dance of attractive looking seeds which many people interested
in game management assume to be of substantial value as game
food.

The Wisconsin studies brought out the short-comings of the
seed as food for quail; hence, experiments with pheasants
seemed particularly in order.

Lot No. 1 consisted of three cocks (av. 1 lb. 14 o0z.) and three
hens (av. 1 Ib. 12 oz.), kept on a straight dieti of sweet clover
seed for an average of 14 days. At a mean temperature of
25.6° (F.), the average loss was .66 oz. per bird per day.

The mean temperature for lot No. 2 was 81.5° (F.) and the
loss rate for four hens (av. 1 1b. 14 0z.) was somewhat lower:
for an average of 18 days the loss rate was .53 oz. per bird per
day.

GREATER RAGWEED LoOTS

Greater ragweed or king head (Ambrosia trifida) is of wide
distribution in the middle west and often occurs in dense stands,
especially in the river bottomlands which are favored by pheas-
ants. The sparing representation of its achenes in crops and
gizzards examined gave rise to a suspicion that as food it might
not be all that could be desired. -

Achenes of lesser ragweed (A. artemisiifolia) constitute one
of the most important of all quail foods in the middle west and
are eaten in large quantities by pheasants as well. The achenes
of greater ragweed, however, have their probably nutritious
seeds encased in coats so hard and woody and so frequently
armed with sharp points that they doubtless present difficulties
to birds in the habit of swallowing whole the achenes of the
lesser ragweed.
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Lot No. 1 was fed on a straight diet of achenes dried to ap-
proximately the condition of those found during drouths; lot
No. 2, on water-soaked achenes instead of dry, thus approximat-
ing the condition of those available on low grounds during ordi-
nary winters. The extra variable introduced by moistening the
achenes fed lot No. 2 makes the results of the ragweed experi-
ments ineligible for temperature comparisons.

Lot No. 1, one cock (2 lbs. 7 0z.) and five hens (av. 2 lbs.
2 0z.) fed on dry achenes, lost an average of .65 oz. per bird per
day for 19 days. The mean temperature was 17.9° (¥.). Two
birds died about the end of the second week, and post-mortems
on these revealed severe inflammation of the alimentary tract,
involving the proventriculus, gizzard, and small intestine, ap-
parently caused by the tough, spiny achene points.

Lot No. 2, fed on water-softened achenes in warmer weather
(mean temperature 33.9° (F.) ), suffered no fatalities and only
one bird was in very emaciated condition at the end of the ex-
periment. One cock (3 lbs. 1 0z.) and seven hens (av. 1 lb.
13 oz.) lost at an average rate of .27 oz. per day for 14 days.

PoISON Ivy AND CORALBERRY LOTS

Poison ivy (Rhus toxicodendron) has a more waxy fruit
than that of the sumacs (R. glabra and typhina) so the possibil-
ity was considered that it might be of greater sustentative value
during winter emergencies. Coralberry (Symphoricarpos orbi-
culatus) and wolf berry (S. occidentalis) occur abundantly in
occupied pheasant range and their fruits are known to be eaten
in greater or less quantities.

The fleshy consistency of both poison ivy and coralberry
fruits would seem to place them in the category of “salad” foods
rather than in that of winter staples, an assumption supported
by the experimental evidence.

On a straight diet of poison ivy fruits one cock (3 lbs. 1 0z.)
and three hens (av. 1 1b. 15 0z.) lost an average of .7 oz. per day
for an average of 16 days. The mean temperature was 31.5°
(F.).

The poison ivy pen was situated on a partially wooded hill
side, and we strongly suspected that one bird managed to find
some acorns missed by ourselves and by the pheasants used in
cleaning up the pens. A similar suspicion, relative to a bird in
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another experiment, which was holding its weight remarkably
well compared to its fellows, proved founded when an acorn was
discovered in its gizzard at post-mortem. Considerable differ-
ences in the ability of individuals to hold their weights were
noted in the poison ivy experiment, perhaps due largely to the
acorn variable.

The coralberry lot (four hens, averaging 1 Ib. 12 oz.) lost
an average of .46 oz. per bird for 17 days. Loss rates for indi-
viduals lacked uniformity for this lot also, two birds losing only
8 oz. each in three weeks. The mean temperature was 37.4°

(F.).
BURDOCK AND VELVET LEAF LOTS

The seeds of burdock (Arctium) and velvet leaf or butter
print (Abutilon) are of fair size, meaty, and have the appear-
ance that one would expect of excellent game foods. Both are
important weeds, growing abundantly on many farms. Al-
though stomach data immediately at hand do not show any ma-
terial representation of these foods in the diet of pheasants, it
was thought well to try them out experimentally.

Three of the four hens (av. 2 lbs.) of the burdock lot lost an
average of 1 oz. per day for an average of 15 days. The fourth
held its weight well and was found to have been eating acorns
which had escaped notice. Mean temperature: 25.3° (F.).

The average loss on velvet leaf for two cocks (av. 2 1bs. 5 0z.)
and four hens (av. 2 lbs. 8 0z.) was .87 oz. per bird per day for
an average of 15 days. The mean temperature was 17.9° (F.).

Dock Lot

Dock (Rumex) is a very common roadside and field plant
and is found also in dense lowland growths. The achenes are
often eaten by bird life, including pheasants, and are similar to
those of buckwheat, though much smaller. In the course of
field studies, the question has arisen as to just how dependable
dock might be as a winter emergency food, especially in locali-
ties where it was observed to be eaten freely.

Four hens (av. 2 lbs.) lost on a straight diet an average of
.88 oz. per bird per day for an average of 16 days. Mean tem-
perature: 24.7° (F.).
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To me, the exceedingly poor showing of dock as an emergen-
cy food is rather surprising. It may be that the hard little
achene is difficult for a bird’s digestive system to open or that
the available nutriment in a seed may be small in proportion to
the achene coat and herbaceous calyx inclosing it. So far as
nutrition is concerned, a crop full of dock fruits may be com-
parable to a crop full of bran mixed with a few particles of
wheat.

SMARTWEED LOT

Achenes of wild plants belonging to the genus Polygonum are
known to make up a substantial part of the diet of many game
birds, notably quail and pheasants. In some localities they com-
prise the chief food of gallinaceous game during the cold weath-
er months, although never, to my knowledge, the sole food. This
much has been made clear both through field observation and
through analyses of stomach contents.

To investigate still further the importance of smartweed as
food, one cock pheasant (2 lbs. 10 0z.) and three hens (2 lbs.
3 0z.) were put on a straight diet of achenes, mainly those of
Polygonum pennsylvanicum with some mixture of P. persicaric,
P. convolvulus and other well-represented wild species.

Contrasted with the birds on the straight diet of yellow corn,
those on smartweed did not maintain their weights so steadily.

The average loss rate for the smartweed lot was .26 oz. per
bird per day for an average of 36 days. The mean temperature
was 28.9° (F.).

For the first week the average loss was 3.3 oz. or .47 oz. per
bird per day; thereafter the rate dropped to 1.5 oz. per week or
.21 oz. per bird per day for the duration of the experiment.

This diminishing of loss rates is the reverse of what typically
occurred in the course of experiments with questionable foods,
but seems subject to plausible explanation.

In the first place, the birds used for experiments were game
farm raised and had had little if any experience with smartweed
achenes as food. They accepted the straight diet without hesi-
tation, but the flat slippery achenes of the P. pennsylvanicum
type passed out with the feces in volume, most of them undi-
gested and even unbroken.
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The logical supposition is that the birds, after a rather diffi-
cult first week, adaptéd themselves to the diet by eating more
gravel or more fibrous substance to facilitate breaking up or re-
tention of the achenes. The single bird killed for examination
during the experiment was one that had been losing weight
rapidly; its gizzard and intestines contained very little grit or
any material except the achenes which were obviously slipping
through entire in large numbers.

BUD AND CATKIN LoT

Ability on the part of wild gallinaceous birds to withstand
winter vicissitudes has often resolved itself into a matter of be-
ing able to take advantage of woody or herbaceous vegetation as
food at times when more substantial foods as seeds and grains
were rendered unavailable by ice or snow covering. The habi-
tability of some types of wild environment for different gallin-
aceous or other species may hinge upon whether or not a par-
ticular species can effectively resort to “budding” if need be.

The bob-white quail is not adapted to subsist upon buds, as
on an exclusively herbaceous diet it loses at about half the rate
that it would if it had nothing to eat at all (Errington, 1931).
Conversely, the ruffed grouse is an habitual budder. Sharp-
tailed grouse are known as heavy budders and prairie chickens
to a lesser extent. Winter stomachs and feces of Iowa Hungar-
ian partridges show large amounts of grass leaves and green
foods.

Just where the pheasant belongs in this category has been
open to question, despite the knowledge that it does eat consid-
erable green material and has been known to bud. The experi-
mental results, then, may be more than usually informative.

One cock (2 1bs. 3 0z.) and three hens (av. 1 Ib. 14 0z.) were
put on a diet of aspen and cottonwood buds (Populus tremu-
loides and P. deltoides), hazel catkins (Corylus), alder catkins
(Alnus), with miscellaneous bud and catkin material from wil-
low (Saliz) and birch (Betula). This would approximate a
subsistence diet for ruffed grouse and possibly for sharp-tails.

The average loss rate of the lot was .52 oz. per bird per day
for an average of 21 days, but the loss rate for the first two
weeks was comparatively low, amounting to an average of 4.4
oz. per bird or .31 oz. per day. Then the birds lost with a sud-
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denness one would be tempted to call a break: 6.8 oz. per bird
for the third week or nearly an ounce a day.

The mean temperature for the third week was 4.8° lower
than the 31.5° (F.) mean for the experimental period, but aside
from the probable effect of temperature in the loss rates, I am
inclined to believe that the data show a rather unexpected abil-
ity on the part of pheasants to extract nutriment from some
low grade foods, at least for several days at a time. A species
capable of intermittent budding certainly has, under marginal
living conditions, a survival advantage over species dependent
entirely upon the frequently inaccessible concentrated foods as
nuts, grains, and the more substantial weed seeds.

MIXED QUESTIONABLE Foop LoT

This experiment was intended to test the possibility of pheas-
ants being able to subsist on a mixture of the foods tried out
with wholly or partially adverse results, in case any of those
results might be attributed to monotony of diet rather than to
lack of suitability of the foods as winter staples.

The mixture consisted of the soaked greater ragweed, vel-
vet leaf, sweet clover, coral berry, sumac, poison ivy, dock, bur-
dock, and bud and catkin material described before. It was
supplied generously and in such a way as to leave the choosing
of the diet entirely up to the individual birds.

It represented, in short, very nearly the bulk of the food
supply available under mid-winter conditions in some localities
where repeated attempts are made to establish pheasants. Any
natural shortage of lesser ragweed and smartweed, combined
with a close harvest of cultivated grains, could conceivably re-
sult in a similar food picture over large areas of southern Wis-
consin, eastern Iowa, and eastern Minnesota farm lands which
remain persistently barren of pheasants despite the release of
imported or locally reared stock.

Six hens (av. 1 1b. 13 oz.), picked veterans of previous ex-
periments and individuals of proven adaptability, lost on this
diet an average of .77 oz. per day for an average of 12 days.
Mean temperature: 89° (F.).
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CONCLUSIONS

On the basis of the experimental data summarized, supple-

mented by what information we have from stomach content
analyses and field studies, we may draw a number of admittedly
tentative conclusions on foods of the group intermediate between
those plainly dependable as winter staples and those clearly not.

1.

Fruits of fleshy consistency or those made up largely of
digestion-resistant seeds are quite inadequate as winter
emergency foods for pheasants. These include sumac, poi-
son ivy, coral berry, and very likely other foods untested in
the pheasant experiments, such as rose hips, dried wild
grapes, bittersweet, elder berry, Virginia creeper, etc.

Some substantial appearing seeds as those of sweet clover
and velvet leaf, while freely eaten and finely ground up dur-
ing digestive processes, do not qualify as staples. Possibly
toxic constituents (as alkaloids or glucosides) may be sus-
pected in some foods of this type, although this point has
not been investigated in the experiments here reported.

Some foods doubtless have more sustentative value when
eaten with something else. Smartweed achenes which have
a way of slipping unbroken through the digestive tract may
be an example. Another example may be the achenes of
greater ragweed which, when taken as a straight diet even
when softened by moisture, fill the intestine with an appar-
ently burdensome amount of harsh, coarse debris.

Buds and catkins among herbaceous foods may be of defi-
nite utility in enabling populations to survive sleet storms
and temporary emergencies of this sort, as on this type of
diet the daily loss rates are manifestly less than when the
birds have only innutritious fruits to eat, or perhaps almost
no organic material at all except for dried grasses and
leaves.

In this latter respect, probably all of the emergency or non-

staple foods dealt with in this paper may have some value in
retarding starvation loss rates during short periods of famine.
Not too much should be expected of non-staple foods neverthe-
less. Even though the crops of fat mid-winter specimens may
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contain as much sumac as corn, it is the corn that is carrying
them, not the sumaec.
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THE CHASE JOURNAL: AN EARLY RECORD
OF WISCONSIN WILDLIFE

ALDO LEOPOLD
University of Wisconsin

In building technique for wildlife restoration, it is of great
value to have precise and dependable records of its decline.
Usable records are scarce. A usable record is one in which all
variables but one tend to be averaged out, either by a long span
of space, or by a long span of time.

A shooting journal is valuable when it presents the bag of
an individual or fixed group, hunting one locality, by one meth-
od, at regular intervals, through a long period of years. Such a
record is the W. H. Chase Journal, recently presented to the
Wisconsin Historical Library. This digest and analysis is pre-
pared to make its contents available to other students.

Walter Howard Chase began the Journal in 1873 at the age
of fifteen and continued it through 1896, when he moved to Sul-
livan, Illinois. He died in 1934.

The Journal recorded his bag by species for each calendar
year from 1873 to 1896. There are no notes or comments ex-
cept an annual note on the opening and closing dates of Lake
Wingra, and another dividing the duck bag as between spring
and fall. The page for 1879 is missing, the stub bearing evidence
of childish fingers wielding a scissors at some later time. The
year 1895 is also missing.

Lake Wingra, with its immediate environs, was the theatre
of the hunting operations. It is one of the five “Madison Lakes™
and lies on the outskirts of Madison, Dane County, Wisconsin.
Part of the terrain is now covered with suburban residences, a
municipal park, and a golf club; the remainder lies largely
within the University of Wisconsin Arboretum. Since the Ar-
boretum is now a centre for wild life research work, this record
of its early fauna is of special interest.

The general accuracy of the Journal is attested by attendant
circumstances. The bags are recorded by tally marks, entered
in changing inks, pens, and pencils, which means they were tal-
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Fig. 1. Game killed around Lake Wingra by W. H. Chase.

lied currently, and not “estimated” at the end of the season.
Chase also collected an herbarium of 1,000 plants, now a part of
the University Herbarium. The species determinations attest
his competency as an amateur naturalist.

The Chase home, in which W. H. Chase lived during the pe-
riod of the Journal, is on the shore of Lake Wingra. Dr. Samuel
H. Chase, his brother, tells me that his hunting ground was
bounded on the north by “Marston’s Woods” (now Nakoma)
and on the east by the “Dead Lake Ridge,” a moraine dividing
Lake Wingra from Lake Monona. Toward the west it extended
at times as far as Verona. Toward the south it included all of
the peat and marl lowlands, then known as the “Big Marsh,”
now comprising the east end of the Arboretum. Ducks were
hunted with boat and decoys, but often also by jump-shooting.
Dogs were used during the entire recorded period, the names of
three appearing on the cover of the Journal. W. H. Chase fished
in other counties of the state, but seldom if ever hunted there,
hence the bags in the Journal are quite surely local to the Win-

gra area.
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I have summarized the bags by species and years in table 1.
The trend of the bag in certain species is depicted in the graph
(Fig. 1). On Dr. Samuel H. Chase’s authority, I have lumped
two “summer ducks” with wood duck in the table, also nine
“winter ducks” with goldeneye. These are evidently slips into
the local vernacular. The distinction in the table between
“Seaup” and “Bluebill,” and the identity of “gray duck” as gad-
wall, may both be considered as doubtful. ‘“Bluebill” probably
includes Ringnecks. The identity of “plover” I have not ven-
tured to guess. Certain bags of rails, blackbirds, mudhens, bit-
terns, cranes, hawks, owls, skunks, muskrats, and an eagle
appear during the youthful period, all undifferentiated as to
species. These are omitted from the table for brevity. Undif-
ferentiated teals and mergansers appear in parenthesis.

Passenger Pigeon. Chase witnessed only the closing scenes
of the pigeon tragedy. W. B. Mershon (pp. 113, 115) states that
the last big Wisconsin nestings were at Eau Claire, Tomah and
Augusta in 1871. This was two years before the J ournal began
in 1873, but Chase nevertheless bagged 70 pigeons in that year.
Mershon (p. 152) mentions an unverified report of a nesting
southwest of Lac Vieux Desert in 1874, and of another near Fort
Atkinson about the same time. Both would fall within the Jour-
nal period.

Dr. Samuel H. Chase, who was born in 1873, remembers as a
boy seeing pigeons in the “Sisters’ Woods” adjoining the Chase
residence. They were so thick as to weigh down the oak trees
from which they were gathering mast, and so close that he could
see the ripple in each lustrous throat as each acorn “went down.”
This must have been in about August 1882, a decade after the
last verified* Wisconsin nestings, and six years before W. H.
Chase bagged his last pigeon in 1888. Dr. Samuel H. Chase saw
his last pigeons in 1885—a spring flock of 12 birds. Mershon
records the last scattered Wisconsin flocks as seen in Florence
county in 1884, Lake Winnebago 1897, and Lake Butte des Morts
1897. The record ends with the single bird killed by Emerson
Hough at Babcock about 1900.

The conclusion is that the disappearance of Wisconsin pig-
eons was no sudden debacle—they occurred in decreasing num-
bers for nearly three decades after the big nesting of 1871.

*A. W. Schorger has since recorded nestings in 1882.
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Ducks. The percent composition of the kill (last column on
right in table) indicates the former relative abundance of spe-
cies on Lake Wingra. Scaup, greenwing teal, and mallard com-
prise 59 per cent of the recorded bag.

Aside from this question of composition of the kill, the main
value of the duck record is as possible evidence of trends in duck
abundance.

The annual kill from 1873 to 1880 shows a steady climb (see
graph), but this may represent the mounting proficiency of the
youthful hunter, rather than any trend in duck abundance.

Between 1880 and 1888 follows a nearly continuous decline.
This spans the ages of 22 to 30, when most hunters are ap-
proaching their maximum of zest and skill, hence it is reasonable
to postulate a decline in local birds. Can we account for such a
trend?

It is common knowledge that Wingra is now spoiled as a duck
lake, presumably by carp. Cole (p. 547) shows that carp were
first introduced into Wisconsin about 1879, just previous to the
apparent decline in Wingra ducks. Dr. Samuel H. Chase, how-
ever, did not notice carp in Wingra until the late nineties. The
possible role of carp thus seems beset by contradictory evidence.

The decade following 1888 shows, in general, a rising curve,
ending in a sharp decline after 1894. This decline coincides
with the general drouth of the early nineties (Streiff, p. 294).
E. R. Jones, State Drainage Engineer, tells me that undrained
peat marshes in central Wisconsin suffered deep burns in 1394.
This is the only known Wisconsin record of widespread peat
fires previous to drainage, and indicates extremely low water
tables.

Wing, in his exploration of waterfowl cycles, shows a Brant
bag curve (p. 349) for Monomay Island, Massachusetts. The
general trend parallels the Briickner cycle of the sun, but during
the two periods here under consideration, the trend is opposite
that of the Chase curve. The minor oscillations, however, in-
clude a number of coincidences with the Chase curve: a low in
1888, a high in 1891, a low in 1893, a high in 1894, and a low in
1896.

The only conclusion which can be drawn is that if many local
journals could be fused into one continuous record, it might shed
important light on past fluctuations in waterfowl.
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The abrupt termination of Old Squaws after 1878, after ap-
pearing in the bag for the three preceding years, is suggestive
of sporadic changes in the movements of this species. Schorger
records the reappearance of Old Squaws on the Madison Lakes
in 1913, 1925, and 1929. The bird seen in 1929 was in the Na-
koma Golf Club spring near Lake Wingra.

Woodcock. The small kill, all grouped in two periods, is sug-
gestive of fluctuating abundance. Howard F. Weiss saw 22
woodcock in one day on the Arboretum in April, 1933, and I soon
after saw 18. All three of these possible “highs” fall in periods
of apparent duck scarcity.

Phillips thinks New England woodcock increased during the
years just previous to 1925.

Leopold and Schorger (p. 189) record a decrease of jack-
snipe in Dane County during the period 1919-1929, since fol-
lowed (in my opinion) by an increase during the present period
of duck scarcity.

All these fragments collectively suggest the need for an in-
vestigation of shorebird population levels, including a possible
fluctuation inverse to ducks.

King Rail. This species is still an uncommon but regular
breeder on Wingra. Again the lumping of the bag in the period
1873-1875 is suggestive of fluctuating abundance. Dr. Samuel
H. Chase remembers these birds as common about the family
boathouse in the late 70’s when he was a small child, but he killed
none until about 1889. This suggests an intervening period of
scarcity.

Ruffed Grouse and Prairie Chicken. Ruffed Grouse disap-
peared from the Wingra woods just before the establishment of
the Arboretum. Cahn found them present yearlong in 1915. It
is hoped that they can be reintroduced. Prairie chickens are
still present at times, but in very small numbers. A single
brood was raised in 1934.

The absence of sharptails from the record indicates they
either never occurred on Wingra, or had disappeared before the
70’s. There is still a single remnant in Dane County.

It is notable that when chickens were killed at all, it was in
years of high bag in ruffed grouse. This corroborates the gen-
eral assumption that these two species share the same cycle.
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But what cycle? According to Wing (p. 359), the most probable
fluctuation to be looked for in southern Wisconsin is the solar
“half cycle” of five or six years, which peaked in 1871, 1878,
1884, and 1889. The Chase bag apparently peaks just before
1873, in 1878, in 1885-6, and again about 1888. Of course, in
such a slender bag record neither agreement nor disagreement
with the cycles is to be considered as anything more than a
hint of possible relationship.

Quail. The extremely small bag of two quail in 24 years is
noteworthy. It hardly seems likely that a young hunter with
enough shells and hunting appetite to shoot Soras, and a good
dog to boot, would either have passed up quail in the field or
failed to record them if shot. One is forced to the conclusion
that quail were scarce or absent during the Journal period.

Contrast this with the following recent census figures for the
Arboretum :

Fall Census Spring Survival
Year Authority (December) (April 1)
1929430 Errington 37 23
1930-31 Errington 67 58
1931-32 Errington 70 46
1932-33 Errington 41 41
1933-34 Leopold 1287 ..
1934-35 MeBeath .. 35

These censuses represent the quail population on a somewhat
variable area, but an area always much smaller than that hunted
by Chase. Winter feeding has been practiced only since 1933-
34. One is forced to conclude that quail, at least around Win-
gra, are much more abundant now than during the Journal pe-
riod. This conclusion is negatively sustained by Leopold’s chart
(Game Survey, p. 76), which records no quail highs in Wiscon-
sin during the Journal period, except one in the northwestern
counties in 1896. It is positively sustained by Dr. Samuel H.
Chase’s recollections—he remembers that his father regarded as
quite a curiosity a pair of quail appearing in the family yard
about 1885.

All of the speculations in this paper concerning population
levels are recorded not as conclusions, but as a provocation to
other investigators who may have opportunity to compile other
journals, and thus ultimately make conclusions possible.



76  Wisconsin Academy of Sciences, Arts, and Letters.

Lake Record. The Journal records the following dates for
the opening and closing of the ice on Lake Wingra:

1877 1878 1879 1880 1881 1882 1883 1884 1885

Lake opened ............ Mar.9 Mar. 29 Mar.23 Apr.29 March.2 Apr.10 Apr. 13 April. 13
Lake closed Dec.29 Dec.6 Nov.19 Nov.16 Nov.20 Dec.2 Nov.15 Nov.24 Dec. 5

1886 1887 1888 1889 1890 1891 1892 1893 1894

Lake opened Apr.15 .. ... Apr.13 Mar. 24 Mar. 24 ... Apr. 2 Apr. 5 Mar. 10

Lake closed Nov.24 Nov.20 Dec.12 ... Dec. 4 .. Nov. 18 Nov. 17 Nov. 15
1895 1896

Lake opened .......... Mar. 30

Lake closed .oocvee crrenninens

On the page for 1881 appears a note: “Water highest ever
known to me.” Evidently this reflects “The Big Snow” which
fell in February and March of that year (unpublished records
of U. S. Weather Bureau, Madison).

The original Journal may be consulted at the Wisconsin His-
torical Library.
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TEACHING WILDLIFE CONSERVATION IN
PUBLIC SCHOOLS

ALDO LEOPOLD
University of Wisconsin

Teaching of conservation in public schools is made compul-
sory by a new Wisconsin statute (319 S., 1935).

The bill was sponsored by the Federation of Women’s Clubs
and other laymen’s organizations. It reflects, in general, a con-
viction that the conservation movement needs a wider base in
public sentiment. It assumes that the schools, if so directed,
can build this base.

It probably also reflects a belief, less articulate but perhaps
equally potent, that natural history “hobbies” act as an antidote
for the excessive mechanization of society, and as an absorbent
for expanding leisure—hence, that their cultivation in schools is
conducive to “the good life.”

The law, and probably most of its sponsors, no doubt assume
that the subject matter to be taught is all in existence—that the
only thing needful is a public mandate to give it place in school
curricula. The purpose of this paper is to discuss the degree to
which this assumption is correct, the degree to which available
subject matter has been prepared for use in schools, and the
facilities for training teachers to use it.

The discussion is limited to that part of the conservation
field dealing with wildlife, i.e., birds, mammals, and non-com-
mercial plants.

SUBJECT MATTER FOR TEACHING

Presumably the subject matter to be taught must, except as
it deals with pure esthetics, exist as science before it can be
translated by teachers for popular use. To what extent does it
exist?

To analyze this question, each species may be considered
from four exterior aspects (the internal workings are, for sim-
plicity, not considered) :

1. Its form and origin as a species (taxonomy).
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2. Tts behavicr as an individual (natural history).

3. Its relationship as a population in an environment (ecol-
0gy).

4. Its possible control by manipulating the environment (ap-
plied ecology or management).

These four categories happen also to represent the successive
developmental stages in biological science.

In my opinion the biological basis for teaching is ample for
No. 1, but dwindles progressively through Nos. 2, 3, and 4.
Stage 4 may be said to have the beginnings of an existence for
certain species of game and fish, but for fur animals it exists in
name only, while for songbirds and wild flowers there is not yet
even a name for culture in-the-wild. The ecology of all these
groups (stage 3) is very fragmentary. Not till we get back Lo
individual behavior (stage 2) can there be said to be an ade-
quate basis for popular teaching. Stages 2 and 1 jointly com-
prise the bulk of those large aggregations of knowledge now
called ornithology, mammalogy, and botany.

The needs of conservation are exactly converse to the prog-
ress of these stages in biological science. Conservation depends
for its accomplishment on manipulation of environments, of
which we as yet know little. It is not helped much by the sci-
ence of evolutionary origins, of which we know much. It is evi-
dent, then, that popular teaching of conservation must be lop-
sided until science catches up to its needs. (This is, of course,
no argument for delaying the teaching job. It is an argument
for speeding up the construction of the scientific base.)

Stage Hsh Far . SOngbirda Mmld flowers

o %%/% .

4, Management % g@i& Brd @

Fig. 1. Scientific base for teaching Wild Life Conservation.
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Fig. 1 attempts to portray the situation in graphic form. The
irregular “scientific front,” with outposts of advance knowledge,
is not devoid of actual meaning. Thus fish management, while
only a few years old, is backed by a much larger accumulation
of ecological data than game management, which is older and
has gone farther into technique. The accumulated findings of
Birge and Juday in the ecology of lakes, for example, have no
counterpart in game. There is, however, no corresponding
knowledge of the ecology of streams, although the existing tech-
nique is mostly for streams. Hence the fish management “pen-
insula” is portrayed in the figure as not perpendicular to its
base.

Again, songbird management, while in general non-existent
as a professional and scientific field, and not as yet backed by
any considerable body of ecological knowledge, nevertheless con-
tains an advance post of technique: artificial bird-houses and
artificial feeding. A well-developed technique for hole-nesting
birds was published by von Berlepsch as early as 1908.

Fur farming likewise is an island of technique. There is as
yet no body of knowledge on wild management and ecology to
connect it with the natural history of fur species. Game farm-
ing was a similar outpost until the recent expansion in wild man-
agement connected it with “mainland.”

The most serious re-entrant in the scientific front is in the
ecology and management of wild flowers. There exists, of course,
2 large amount of ecological work in botany, but its objective
has been to explain evolution and distribution, rather than to
serve as a base for culture in the wild. Much of it will be con-
vertible for the latter purpose, but in and of itself it does not
suffice for teaching conservation.

ECOoLOGY AND CONSERVATION

Avocations in natural history can, of course, be taught, as in
the past, in sole reference to identification and habits of species.
No one possessed of such a hobby would deny its value as a
source of personal pleasure and enlightenment. Its value as a
base for conservation sentiment, however, is, I think, less than
will be the case when the same hobby is rounded off to include
an interest in ecological and management questions. Why? Be-
cause the forces which threaten wildlife emanate from its en-
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vironment, and their operation cannot be understood by a public
versed only in names and habits of species. Such a public, as a
critic of conservation policies, is equivalent to a person having
a wide personal acquaintance, but no knowledge of business, as
a critic of politics or economics. Both lack an “inside” picture
of the struggle for existence. Ecology is the politics and eco-
nomics of animals and plants.

The citizen-conservationist needs an understanding of wild-
life ecology not only to enable him to function as a critic of
sound policy, but to enable him to derive maximum enjoyment
from his contacts with the land. The jig-saw puzzle of compe-
titions and cooperations which constitute the wildlife commu-
nity are inherently more interesting than mere acquaintance
with its constituent species, for the same reason that a news-
paper is inherently more interesting than a telephone directory.

'TEACHING TEACHERS

Of 30 students in the 1936 farmers’ short course in game
management at the University, 4 professed, in personal inter-
view, a special interest in natural history derived from their
teachers. Four others had derived such an interest from family
or friends. Twelve had read natural history books from school
libraries. This may be a valid sample of the spread and effec-
tiveness of conservation teaching to date.

It was very noticeable that the teachers who had awakened
such interests had done so by the contagion of their enthusiasm,
rather than by merely transmitting information.

The question is: By what means can the proportion of such
“carriers” be increased? .

My guess is that the chief utility of compulsory laws is to
lend official sanction to pre-existing enthusiasms among teach-
ers, and to stimulate the preparation of good courses, texts, ex-
hibits, and other overhead services.

The courses now offered teachers in universities (and pre-
sumably in normal schools) are certainly not designed to en-
courage them either to develop avocations in wildlife, or to teach
such avocations to children. The University of Wisconsin,
through its “Science Inquiry,” is now aiming to remedy this de-
fect. A complete remedy must, of course, await the straighten-
ing of the “scientific front” already discussed.
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TEACHING MATERIALS

The offhand way in which resolutions committees delegate to
unspecified “scientists” the job of preparing conservation text-
books is, I fear, mere wishful thinking. There seems to be little
realization of the fact that to write a really competent non-tech-
nical conservation text, which shall fairly cover the component
fields and be at once sound science, sound policy, and sound peda-
gogy, is a task calling for very uncommon mental powers, not
to mention time and funds. It is a task at least as exacting as
the scientific fact-finding which underlies it. Such a text is
harder to write than the equivalent thing for adults, and no re-
cent writer has fairly translated conservation for adults. Van
Hise’s classical “Conservation of Natural Resources” was writ-
ten before ecology was born, and before the management idea
had been applied to anything but forests. No equally competent
interpretation of the wider vista now confronting us has ap-
peared, unless it be Paul Sears’ “Deserts on the March.” “Little
Waters,” by Person, Coil, and Beall, is similar in its approach,
but covers the much more limited field of soil and water.

All these attempts to paint a continental picture of conserva-
tion suffer from one inherent handicap: it is impossible to give
specific examples portraying the biotic mechanism, because ex-
amples that hold for one region do not hold for another. Only
scientific laws can be generalized and yet remain true. It is
therefore my prediction that the ultimate “text on conservation”
will treat of only one region, or possibly only one state.

There are, of course, many competent texts, each covering
the natural history of some one particular field, such as birds,
mammals, or flowers, but these fall far short of covering its
ecology or management. They are of great value in presenting
to us the alphabet of conservation, but they do not build ecologi-
cal words or sentences out of the species they teach us to recog-
nize. Most such texts seem either unaware of the provinces be-
yond the scientific front, or else dismiss them with a few per-
sonal opinions on legislation. One English writer (Elton) has
given us a thoroughly competent popular rendition of animal
ecology, but there has been no equally good job on this side of
the water.

There is also a growing array of teaching materials, each
covering some small fraction of some single field. Many of these
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fractional treatments have real value because they do a small
job well, and do not pontificate on what lies outside its boun-
daries. As examples may be mentioned the regional series of
Biological Survey leaflets, mostly by McAtee, on “How to Attract
Birds,” the Audubon bird leaflets, and John May’s “Hawks of
North America.”

Some of the new teaching materials have special value to
teachers as illustrations of how divergent conclusions can be
drawn from identical facts. Contrast, for example, the Emer-
gency Conservation Committee’s “Teaching Units” with Sena-
tor Hawes’ “Fish and Game, Now or Never,” or with the equiva-
lent philosophy expressed piecemeal by sporting magazines.
There is one peculiarity common to both sides of this controver-
sial literature. Like medieval theology, it expresses its discon-
tent in the pattern of a personal devil, who stands in urgent need
of demolition by the writer. The protectionist’s devil is usually
the sportsman. The sportsman’s devil is usually “vermin,” or
the “game hog,” or some other visible malefactor. The invisible
deterioration of habitat which causes the real damage, and to
which both kinds of crusaders are at least indirectly a party, is
commonly ignored or dismissed as incidental. The end-objec-
tive of conservation teaching must be, I think, to show the pro-
spective citizen that conservation is impossible so long as land-
utility is given blanket priority over land-beauty. In short, it is
his personal philosophy of land use, as well as his vote and his
dollar, which will ultimately determine the degree to which the
conservation idea is converted from preachment into practice.

Here and there we note the emergence of attempts to piece
together into coherent schoolroom sentences the alphabet de-
vised by taxonomy and natural history. One such is “Exploring
Michigan’s Resources,”—clever pedagogy, comprehensive of the
whole field, but perhaps a bit pat, and a bit tinctured with the
flavor of tourist-bureau. The Chamber of Commerce should not
wish its job on the schools. I would like to see Michigan ask
Harold Titus to do this over in the style of his “The Old Game
Warden”—a really remarkable attempt to translate wildlife ecol-
ogy and management into the lay-jargon of sportsmen.

A list of teaching materials available to Wisconsin teachers
is incorporated in the references for this paper. The list is of
course not exhaustive, even for wildlife in this state. It omits
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all nonpopular and most expensive titles, as well as most titles
sold for commercial profit. A full endorsement of all titles is not
implied. The list is offered merely as a start toward the labor-
ious job of sifting and rounding-out which must underlie the
execution of the new law.

The most serious defect in the whole collection of teaching
materials is the absence of the phrase “we don’t know.” Just
why are we so undemocratic in professing ignorance? It seems
a special privilege of scientists.

The need for teaching materials of course goes far beyond
printed matter. Museums have long ago seized upon exhibits
and movies as vehicles for teaching taxonomy and natural his-
tory, but they are not yet used for portraying ecology or man-
agement. What we label “conservation films” are so far mostly
either propaganda or entertainment. Conservation exhibits do
not yet exist.

Schools and universities need nearby pieces of land on which
conservation problems and techniques ean be shown, and re-
searches performed. School forests are a move in this direction,
- but why not also school refugees, management areas, and floral
preserves? The University of Wisconsin Arboretum and Refuge
is being developed in such a direction and will serve, among
other purposes, as a training area for prospective teachers of
conservation.

SUMMARY

The scientific base for teaching conservation is lopsided. The
subject matter so far most developed is not that most needed
for this purpose.

The biological institutions of Wisconsin will overlook an im-
portant opportunity if they fail to amplify this base, especially
in the ecology and management of fur, songbirds, and wildflow-
ers. b

No adequate ‘“text on conservation” for schools has so far
appeared. The ultimate text will probably be regional.

There is much good natural history material which may be
regarded as the alphabet for such a text.

The controversial literature of conservation is of interest to
teachers as illuminating the philosophical questions involved.
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Films, exhibits, and demonstration areas should be developed
for teaching purposes.
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SOME EARLY BIRD RECORDS OF WISCONSIN AND
NEIGHBORING TERRITORY TO THE WEST AND NORTH
(1896-1900) AND OF INDIANA (1876-1877).*

M. E. PINNEY AND J. F. MACNAUGHTON
Milwaukee-Downer College

INTRODUCTION

It is a well recognized fact that the species of birds found
common to certain areas of the country may change greatly in
the course of time, due to the gradual extinction of some birds,
and variations in the routes of others. In view of this knowl-
edge, it has been thought of some little importance to compile a
list of the skins belonging to the collection made by Dr. H. V.
Ogden and Dr. E. C. Copeland of Milwaukee, a list which would
be available to anyone interested.! The collection is among the
oldest made in this locality, having been assembled during the
period from 1875 to 1905. As such, therefore, it is of historical
interest. The specimens included are birds that were common
to various regions at the time the collection was made, and that
are, for the most part, still found in those localities. Of the
approximately 360 species that have been officially recorded in
Wisconsin, 120 are represented in this collection. Its chief value
lies in the fact that it furnishes permanent and reliable records
of many birds that were common to the vicinity at that time.

The reason for the making of this collection was evidently
the absorbing interest in birds entertained by Dr. Ogden and Dr.
Copeland, for although the specimens became the property of
Dr. Ogden, approximately half of them were accumulated by
Dr. Copeland. It is obvious from the recorded dates and locali-
ties, that the two men, sometimes in company with a third, Mr.
H. Russell, collected together on various hunting and fishing
trips. Miscellaneous additional specimens were obtained from
Mr. L. Kumlien, Mr. N. Hollister, Mr. J. H. Wurdemann and
Mr. C. J. Allen.2 For the most part, the birds were collected
casually by Dr. Ogden, and although other localities are repre-
sented, naturally, most of the skins are those of birds from the

*Compiled from the Ogden-Copeland Collection of Bird-Skins.
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region surrounding Milwaukee. Dr. Copeland’s work with Jor-
dan in Indiana, 1876, and the joint efforts of Dr. Ogden and Dr.
Copeland in Minnesota, 1897, and in North Dakota, 1899, added
many specimens to the collection.

For the sake of clearness, the birds as listed below have been
divided into four groups, according to the localities in which
they were collected: (1) Birds of Wisconsin, (2). Birds of
Northern and Western States, (3). Birds of Central and South-
ern States, and (4). Birds of miscellaneous localities. Each
group has then been subdivided into more specific areas, al-
though in most cases, there is no definite physiographical rela-
tionship between the counties making up the group. The first
division of group (1), consisting of Milwaukee, Racine and
Ozaukee counties, is the one which shows the most striking simi-
larities in physiography, since the area borders on Lake Michi-
gan. Due to the narrowness of Milwaukee County, however,
and the probability that the majority of specimens which were
collected in Waukesha county were collected in its eastern por-
tion, Waukesha county, though inland, has been included with
this division. Jefferson and Walworth counties, though adjoin-
ing this territory were regarded as too far inland to show the
characteristic avifauna of the region, and so birds from those
counties were listed in an appendix. In the same way the birds
of Douglas county have been separated from those of Vilas and
Iron counties, for although all three counties lie in the northern
portion of the state, Douglas county is considered too western
to be properly included in the group.

The classification, order of arrangement of birds and termin-
ology used in the compiling of this list are those employed by the
committee of the American Ornithologist’s Union in the prep-
aration of the fourth edition of its Check-List of North American
Birds, which was published in 19313, Therefore, many of the
names appearing in the list are not identical, although they are
synonymous, with those found upon the collector’s tags. The
change was made for the purpose of making the list conform to
the most recent standard. It might be added that while the
labels on many of the specimens do not bear the name of the
collector, we have not regarded the omission as in any way
weakening the authenticity of the record and so have included
all such records in our list. This is true, chiefly of the specimens



Pinney and MacNaughton—Early Wis. Bird Records 89

from Vilas and Iron counties which were undoubtedly obtained
by Dr. Ogden and Dr. Copeland from the collection of Mr. L.
Kumlein and Mr. N. Hollister.

For kindly assistance in the preparation of this paper we are
indebted to Mr. Gardiner P. Stickney of Milwaukee who contri-
buted information concerning the history of the collection, to
Dr. H. C. Oberholser and his assistants of the Bureau of Biologi-
cal Survey who have identified the doubtful specimens and to
Dr. A. W. Schorger who has examined the list critically and so
helped us avoid many errors.

BIRDS OF WISCONSIN
I. MILWAUKEE, WAUKESHA, RACINE, AND OZAUKEE COUNTIES

Order GAVIIFORMES
Family GAVIIDAR
1. Gavia immer elasson Bishop. Lesser Loon (7a).
H.B.H. Sept. 1900.
Order COLYMBIFORMES
Family COLYMBIDAE
1. Colymbus auritus Linnaeus. Horned Grebe (3).
H.V.0. Apr. 22, 1897.
H.R. Apr. 21, 1897.
Order PELEBANIFORMES
Family PHALACROCORACIDAE
1. Phalacrocorax auritus auritus (Lesson). Double-crested Cormorant
(120).
H.V.0. Oct. 14, 1900.
Order CICONIIFORMES
Family ARDEIDAE
1. Ardea herodias herodias Linnaeus. Great Blue Heron (194).
H.V.0. June 6, 1897.
1The collection itself is now in the possession of Milwaukee-Downer College, so that the

specimens are and probably will always be accessible to anyone for reference.
3 The Collectors’ names as abbreviated in the list are:

H.V.0 Dr. H. V. Ogden.
E.C. Dr. Erest Copeland.
H.R. Mr. H. Russell.

L.K. Mr. L. Kumlien.
JHV.W. Mr. J. H. Wurdemann.
C.JA. Mr. C. J. Allen.

N.H. Mr. N. Hollister.
W.A.B. ?

3 The only exceptions to this usage are:
Troglodytes domesticus baldwini, pp. 0 and 00, and Limnodromus griseus hendersoni, p. 00.
which have been named for us by Mr. A. H. Howell and Mr. Thomas D. Burleigh of the
U. S. Bureau of Biological Survey,
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2. Butorides virescens virescens (Linnaeus). Eastern Green Heron (201).
H.YV.0. May 5, 1899.
H.V.0. May 15, 1897.
H.R. May 20, 1897.

3. Botaurus letiginosus (Montagu). American Bittern (190).
H.R. May 11, 1897.
H.R. May 21, 1897.

4. Ixobrychus exilis (Gmelin). Eastern Least Bittern (191).
H.YV.0. May 20, 1897.
HYV.0. June 9, 1899.

Order ANSERIFORMES
Family ANATIDAE
1. Spatula Clypeata (Linnaeus). Shoveller (142).
H.V.0O. Apr. 13, 1897.
H.R. Apr. 13, 1897.

2. Aix sponsa (Linnaeus). Wood Duck (144).
HVO. Apr. 13, 1897.

3. Nyroca affinis (Eyton). Lesser Scaup Duck. (149).
H.V.0. Mar. 29, 1897.
H.R. Mar. 29, 1897.
E.C. Mar. 29 1897.

4. Glaucionetta clangula americana (Bonaparte). American Golden-eye
(151).
H.V.0O. Mar. 26, 1897.
H.V.0. Feb. 12, 1899.
H.R. Apr. 14, 1900.
E.C. Mar, 27, 1897.

5. Charitonetta albeola (Linnaeus). Bufflehead S. C. (153).
H.R. Apr. 1, 1897.

5. Charitonett albeola (Linnaeus). Bufflehead (153).
H.V.O. Mar. 80, 1897.
H.V.0O. Feb. 5, 1899.
H.R. Mar. 29, 1897.
H.R. Feb. 5, 1899.

7. Somateria spectabilis (Linnaeus). King Eider (162).
H.R. Dec. 25, 1899.
H.R. Jan. 7, 1900.

8. Oidemia americana Swainson. American Scoter (163).
E.C. Oct. 1895.

9. Erismature jomaicensis rubida (Wilson). Ruddy Duck (167).
H.V.0. Apr. 20, 1897.
H.R. May 2, 1897.
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10. Mergus merganser americanus Cassin. American Merganser (129).
H.V.0. Apr. 2, 1897.
H.R. Mar. 26, 1897.
E.C. Apr. 2, 1897.
C.J.A. Apr. 1, 1897.

11. Mergus serretor Linnaeus. Red-breasted Merganser (130).
H.V.O. Mar. 26, 1897.
H.V.O. Mar. 81, 1897.

Order FALCONIFORMES
Family A(CCIPITRIIDAE

1. Buteo borealis borealis (Gmelin). Eastern Red-tailed Hawk (837).
H.V.0. Nov. 5, 1899.

Family FALCONIDAE
1. Falso sparverius sparverius Linnaeus. Eastern Sparrow Hawk (860).
H.V.0O. Mar. 18, 1898.

Order GRUIFORMES
Family RALLIDAE

1. Rallus limicola limicola Vieillot. Virginia Rail (212).
H.R. May 6, 1899.

2. Porzana carolina. (Linnaeus). Sora (214).
H.V.O. Sept. 9, 1899.
H.V.0. Apr. 23, 1897.

8. Fulica americana americana. Gmelin. American Coot (221).
H.R. Oct. 1, 1899.
Sept. 24, 1898.

Order CHARADRIIFORMES
Family SCOLOPACIDAE

1. Philohela minor (Gmelin). American Woodcock (228).
H.V.0. May 9, 1897.

2. Actitis macularia (Linnaeus). Spotted Sandpiper (263).
H.V.O. May 17, 1896.

8. Pelidna alpine sakhalina (Vieillot). Red-backed Sandpiper (263).
E.C. May 16, 1899.

Family LARIDAE

1. Larus argentatus smithsonianus. Coues. Herring Gull (51a).
H.V.0O. Nov. 19, 1899.
H.R. Oct. 1, 1899.

2. Larus philadelphia (Ord). Bonaparte’s Gull (60).
H.V.0. Oct. 17, 1900.
H.V.0. Nov. 2, 1900.
Sept. 19, 1896.
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Order CUCULIFORMES
Family CUCULIDAE

1. Coceyzus erythropthalmus (Wilson). Black-billed Cuckoo (388).
HVO. May 9, 1897.
H.V.0. May 21, 1897.
H.R. May 9, 1897.

Order STRIGIFORMES
Family STRIGIDAE

1. Otus asio naevius (Gmelin). Eastern Screech Owl (373m).
H.V.0. Dec. 23, 1897.
H.R. Dec. 10, 1897.
H.R. Jan. 14, 1906.

2. Bubo virginianus virginianus (Gmelin). Great Horned Owl (375).
H.V.O. Dec. 15, 1896.
H.R. Jan. 11, 1898.

3. Strixz varia varia Barton. Northern Barred Owl (368).
E.C. Dec. 19, 1897.

4. Asio wilsonionus (Lesson). Long-eared Qwl (366).
H.R. Jan. 2, 1898.

5. Asio flammeus flummeus (Pontoppidan), Short-eared Owl (367).
W.A.B. Nov. 1, 1896.

6. CRYPTOGLAUX acadica acadica (Gmelin). Saw-whet Owl (372).
H.V.0. Nov. 19, 1897.
Order CAPRIMULGIFORMES
Family CAPRIMULGIDAE
1 Chordeiles minor minor (Forster). Eastern Nighthowk (420).
H.R. May 22, 1898.
Order MICROPODIIFORMES
Family TROCHILIDAE

1. Archilochus colubris (Linnaeus), Ruby-throated Humming-bird (428).
H.V.0. May 21, 1897.
H.V.0. May 27, 1902.

Order PICIFORMES
Family PICIDAE

1. Sphyrapicus varius varius (Linnaeus). Yellow-bellied Sapsucker (402).
H.YV.0. Apr. 12, 1896.
E.C. Apr. 18, 1897.
H.V.0. Apr. 19, 1897.



Pinney and MacNaughton—FEarly Wis. Bird Records 93

2. Dryobates pubescens medianus (Swainson). Northern Downy Wood-
pecker (394¢c).
HY.0. Mar. 7, 1897.
H.R. Apr. 11, 1897.

Order PASSERIFORMES
Family TYRANNIDAE

1. Myiarchus crinitus boreus. Bangs. Northern Crested Flycatcher
(452a).
H.YV.0. May 14, 1899.
H.R. May 17, 1896.

2. Sayornis phoebe (Latham). Eastern Phoebe (456).
HY.0. May 2, 1897.

3. Empidonax flaviventris (Baird and Baird). Yellow-bellied Flycatcher
(463).
H.V.0. Sept. 1896.

4. Empidonax mintmus (Baird and Baird). Least Flycatcher (467).
HV.0. May 14, 1899.

Family ALAUDIDAE

1. Otocoris alpestris alpestris (Linnaeus). Northern Horned Lark (474).
H.V.0. Mar. 26, 1899.

2. Otocoris alpestris practicoln. Henshaw. Prairie Horned Lark (474b).

H.V.O. Mar. 14, 1897.

H.V.0. Jan. 30, 1898.

H.V.0. Mar. 12, 1899.

H.R. Mar. 7, 1897.

H.R. Mar. 14, 1897.

H.R, Jan. 30, 1898.

H.R. Feb. 5, 1899.

E.C. Jan. 30, 1898.

Family HIRUNDINIDAE
1. Hirundo erythrogaster Boddaert. Barn Swallow (613).
H.V.0. May 14, 1899.

2. Riparia riparia riparia (Linnaeus). Bank Swallow (616).
HY.0. May 21, 1899.
Family CORVIDAE
1. Cyanocitta cristate cristata (Linnaeus). Northern Blue Jay (477).
H.YV.0. Apr. 25, 1897.

2. Corvus brachyrhynchos brachyrhynchos Brehm. FEastern Crow (488).
H.V.0. June 6, 1897.



94 Wisconsin Academy of Sciences, Arts and Letters.

Family PARIDAE
1. Penthestes atricapillus atricapillus (Linnaeus). Black-capped Chicka-
dee (735).
H.YV.0. Mar. 7, 1897.
H.YV.0. May 15, 1897.

Family SITTIDAE
1. Sitta carolinensis carolinensis Latham. White-breasted Nuthatch
(727).
H.R. Mar. 7, 1897.
H. R. Dec. 26, 1897,
H.R. Apr. 12, 1899.

Family CERTHIIDAE
1. Certhia familiaris americana Bonaparte. Brown Creeper (726).
H.V.0. Apr. 11, 1897.
H.R. Apr. 11, 1897.
E.C. Feb. 4, 1900,

Family TROGLODYTIDAE

1. Troglodytes domesticus baldwinil House Wren.
E.C. May 6, 1897.

2. Nannus hiemalis hiemalis (Vieillot). Eastern Winter Wren (722).
H.R. Oct. 6, 1897.

3. Telmatodytes palustris dissaéptis (Bangs). Prairie Marsh Wren
(725d).
E.C. May 17, 1896.
4. Cistothorus stellaris (Naumann). Short-billed Marsh Wren (724).
E.C. May 6, 1897.
Family MiMIDAE
1. Dumetella, carolinensis (Linnaeus). Catbird (70}).
H.V.0. May 10, 1897.
Family TURDIDAR
1. Turdus migratorius migratorius Linnaeus. Eastern Robin (761).
H.JV.0. June 14, 1897.
2. Hylocichla mustelina (Gmelin). Wood Thrush (755).
H.V.0. Apr. 30, 1897.
8. Hylocichla guttata faxoni Bangs and ‘Penard. Eastern Hermit Thrush
(759b).
H.R. Sept. 26, 1896.
4. Hylocichla ustulata swainsoni (Tschudi). Olive-backed Thrush (758b).

H.V.0. May 19, 1897.
H.R. Sept. 4, 1899.

1Not in the A. O. U. check-list.
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6. Hylocichla minima aliciae (Boird). Gray-cheeked Thrush (757).
H.R. Sept. 20, 1899.

6. Hylocichla fucescens salicicola Ridgeway. Willow Thrush (756a).
H.R. May 14, 1899.

7. Sialia sialis stalis (Linnaeus). Eastern Bluebird (766).
H.V.0. Apr. 11, 1897.

Family SiLvnpAe

1. Polioptila caerulea caerulea (Linnaeus). Blue-gray gnatcatcher (?751).
H.YV.0. Apr. 25, 1897.

2. Corthylio calendula calendula (Linnaeus). Eastern Ruby-crowned King-
let (749).
: H.YV.0. Apr. 25, 1897.
E.C. Apr. 18, 1897.

Family BOMBYCILLIDAE

1. Bombycilla cedrorum Vieillot. Cedar Waxing (619).
H.V.0. May 30, 1897.

Family LANIIDAR

1. Lanius borealis borealis Vieillot. Northern Shrike (621).
H.VO. Now. 21, 1897.

Family VIREONIDAE

1. Vireo flavifrons Vieillot. Yellow-throated Vireo (628).
H.YV.0. May 9, 1897.
H.V.0. May 15, 1897.

2. Vireo olivaceus (Linnaeus). Red-eyed Vireo (624).
HYV.O. May 9, 1897.
H.R. Sept. 1896.

3. Vireo gilvus gilvus (Vieillot). Eastern Warbling Vireo (627).
HY.0. May 17, 1896.

Family COMPSOTHLYPIDAR

1. Mniotilta varia (Linnaeus). Black and White Warbler (636).
H.V.0. May 16, 1897.

2. Vermivora peregrina (Wilson). Tennessee Warbler (647).
H.V.0. May 15, 1897.

8. Vermivora ruficapilla ruficapille (Wilson). Nashville Warbler (645).
H.V.0. May 14, 1897.

4. Dendroica magnolia (Wilson). Magnolia Warbler (657).
HYV.0. May 17, 1897.
HYV.0. Moy 15, 1898.
H.R. May 9, 1897.
E.C. May 9, 1897.
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Dendroica tigrina (Gmelin). Cape May Warbler (650).
HYV.0. May 14, 1897.
H.V.0. May 15, 1897.
HY.O. May 16, 1897.

Dendroica caerulescens caerulescens (Gmelin). Black-throated Blue
Warbler (654).
H.R. May 10, 1896.

Dendroica Coronata (Linnaeus). Myrtle Warbler (655).
H.V.0. Apr. 25, 1897.
H.R. Apr. 18, 1897.
E.C. Apr. 18, 1897.

Dendroica virens virens (Gmelin). Black-throated Green Warbler
(667).

H.V.0. May 16, 1897.

E.C. May 14, 1899.

Dendroica fusca (Miiller). Blackburnian Warbler (662).
H.V.0. May 9, 1897.
H.YV.0. May 17, 1897.
H.V.0. May 20, 1897.
H.R. May 17, 1897.

Dendroica pennsylvanica (Linnaeus). Chestnut-sided Warbler (659).
HYV.0. May 17, 1897.
H.R. May 9, 1897.
E.C. May 17, 1897.

Dendroica castanea (Wilson). Bay-breasted Warbler (660).
H.V.0. May 10, 1896.
H.R. Sept. 10, 1899.
E.C. May 16, 1897.
E.C. May 17, 1897.

Dendroica striata (Forster). Black-poll Warbler (661).
HYV.0. Moy 18, 1897.
HY.0. May 19, 1897.
E.C. May 16, 1897.

Dendroica pinus pinus (Wilson). Northern Pine Warbler (671).
H.V.0. Apr. 25, 1897.
HYV.0. May 2, 1897.
H.R. May 15, 1896.

Dendroica palmarum palmarum (Gmelin). Western Palm Warbler
(672).
H.V.0. May 6, 1897.

Seiurus aurocapillus (Linnaeus). Ovenbird (674).
H.V.O. May 3, 1896.
H.YV.0. May 10, 1897.
H.R. May 6, 1897.
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Seiurus mnoveboracensis mnoveboracensis (Gmelin). Northern Water

Thrush (675).
H.V.0. May 2, 1897.

Seiurus motacilla (Vieillot). Louisiana Water Thrush (676).
H.R. Apr. 25, 1897.

Oporonis agilis (Wilson). Connecticut Warbler (678).
H.R. Apr. 25, 1897.
H.V.0. May 31, 1897.

Geothlypic trichas brachidactyla (Swainson). Northern Yellow-throat
(681d).

HYV.0. May 9, 1897.

H.YV.0. May 12, 1899.

H.R. Sept. 1896.

H.R. May 9, 1897.

Wilsonia canadensis (Linnaeus). Canada Warbler (686).
H.V.O. May 20, 1897.
H.V.O. May 21, 1897.
H.R. Sept. 1896.
E.C. May 9, 1897.
E.C. May 17, 1896.

Setophaga ruticille (Linnaeus). Ame'ricaﬁ Redstart (687).
H.V.0. May 15, 1897.
H.V.O. May 18, 1897.

Family PLOCEIDAE

1.

Passer domesticus domesticus (Linnaeus). English Sparrow (688.2).
H.R. June, 1899.

Family ICTERIDAE

1.

Dolichonyx oryzivorus (Linnaeus). Bobolink (494).
H.R. May 9, 1897.
H.R. May 14, 1899.

Sturnella magna magna (Linnaeus). Eastern Meadowlark (501).
H.V.O. Apr. 26, 1896.

Xanthocephalus zanthocephalus (Bonaparte). Yellow-headed Black-
bird (497).
H.V.0. May 5, 1901.
Agelaius phoeniceus phoeniceus (Linnaeus). Eastern Red-wing (498).
H.R. May 19, 1897.

Icterus galbula (Linnaeus). Baltimore Oriole (507).
H.V.O. May 15, 1897.

Quiscalus quiscula aeneus. Ridgeway. Bronzed Crackle (511b).
H.V.0. Apr. 18, 1897,
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7. Molothrus ater ater (Boddaert). Eastern Cowbird (495).
H.V.0. May 7, 1897.

Family THRAUPIDAE

1. Piranga erythromelas Vieillot. Scarlet Tanager (608).
H.YV.0. May 18, 1897.
H.R. May 3, 1897.

Family FRINGILLIDAE _
1. Hedymeles ludovisianus (Linnaeus). Rose-breasted Grosbeak. (595).
‘ H.V.0. May 15, 1897.
H.YV.0. May 19, 1897.
H.R. May 10, 1896.

2. Passerina cyanea (Linnaeus). Indigo Bunting (598).
H.YV.0. May 18, 1897.

3. Hesperiphona wvespertina vespertina (Cooper). Eastern Evening
Grosbeak (514).
H.R. Feb. 18, 1900.
E.C. Feb. 18, 1900.
E.C. Mar. 11, 1900.

4. Carpodacus purpureus purpureus (Gmelin). Eastern Purple Finch
(517).
H.R. Apr. 18, 1897.

5. Pinicola enucleator leucura (Miiller). Canadian Pine Grosbeak (515).
H.V.0. Apr. 8, 1900.

6. Acanthis linaria linaria (Linnaeus). Common Redpoll (528).
H.V.0. Oct. 29, 1899.
H.R. Oct. 29, 1899.
H.R. Nov. 26, 1899.
H.R. Dec. 12, 1899.

7. Spinus pinus pinus (Wilson). Northern Pine Siskin (533).
H.V.0. Nov. 15, 1896.
H.R. Oct. 29, 1899.

8. Lowia curvirostra pusille Gloger. Red Crossbill (521).
H.V.0. Nov. 13, 1898.
H.R. Feb. 19, 1899.
H.R. Apr. 2, 1899.

9. Loxia leucoptera Gmelin. White-winged Crossbill (522).
H.V.O. Feb. 4, 1900.
H.R. Oct. 29, 1899.
H.R. Feb. 4, 1900,
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Pipilo erythropthalmus erythropthalmus (Linnaeus). Red-eyed Towhee
(587).

H.V.0. Apr. 25, 1897.

H.R. Apr. 25, 1897.

Passerculus sandwichensis savanna (Wilson). Eastern Savanna Spar-
row (542a).

H.V.0. May 6, 1897.

H.R. Sept. 1896.

EC.

Pooectes gramineus gramineus (Gmelin). Eastern Vesper Sparrow
(540).

H.V.0. Apr. 11, 1897,

H.R. Apr. 11, 1897.

Chondestes grammacus grammacus (Say). Eastern Lark Sparrow
(552).
HY.0. May 15, 1898.

Junco hyemalis hyemalis (Linnaeus). Slate-colored Junco (567).
E.C. Now. 15, 1896.

Spizella arborea arborea (Wilson). Eastern Tree-sparrow (559).
H.V.0O. Nov. 15, 1896.
H.R. Nov. 15, 1896.
H.R. Apr. 12, 1899.

Zonotrichia leucophrys leucophrys (Forster). White-crowned Sparrow

(554).
HYV.0. May 2, 1897.

Zonotrichia albicollis (Gmelin). White-throated Sparrow (558).
H.V.0. Apr. 18, 1897.
H.R. Oct. 6, 1897.

Melospiza lincolni lincolni (Audubon). Lincoln’s Sparrow (588).
H.R. Sept. 20, 1899.

Melospiza georgiana (Latham). Swamp Sparrow (584).
HYV.0. May 7, 1897.

Melospiza, melodia beata Bangs. Mississippi Song Sparrow (581).
H.V.0. Mar. 21, 1897.
H.R. Mar. 28, 1897.

Calcarius lapponicus lapponicus (Linnaeus). Lapland Longspur (536).
H.V.0. Jan. 30, 1898.
H.V.0. Mar. 12, 1899.
H.R. Dec. 26, 1897.
H.R. Nov. 26, 1899.
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22. Plectrophenax nivalis nivalis (Linnaeus). Eastern Snow-bunting (534).
H.YV.0. Mar. 11, 1900.
H.R. Mayr. 11, 1900.

APPENDIX I

JEFFERSON AND WALWORTH COUNTIES
(Counties adjoining those of Group I, but farther inland)

Order PASSERIFORMES
Family COMPSOTHLYPIDAR

1. Seiurus noveboracensis noveboracensis (Gmelin). Northern Water
Thrush (675).

L.K. May 15, 1898.
2. Seturus noveboracemsis motabilis Ridgway. Grindell's Water Thrush
(675a).
L.K. May 15, 1898.
Family FRINGILLIDAE

1. Passerherbulus henslowi henslowi (Audubon). Western Henslowe's
Sparrow (547a).

N.H. May 25, 1902.
2. Ammospiza caudacuta nelsoni (Allen). Nelson’s Sparrow (549.1).

L.K. Sept. 5, 1898.
L.K. Sept. 16, 1898.

II. GREEN COUNTY

Order CHARADRIIFORMES
Family SCOLOPACIDAE
1. Bartramia longicaude (Bechstein). Upland Plover (261).
E.C. May 29, 1876.
OrderPASSERIFORMES
Family TYRANNIDAR
1. Empidonax minimus (Baird and Baird). Least Flycatcher (467).
Aug. 23, 1876.
F amily COMPOSOTHLYPIDAE,
1. Mniotilta varia (Linnaeus). Black and White Warbler (636).
E.C. May 380, 1876.
2. Oporornis agilis (Wilson). Connecticut Warbler (678).
E.C. June, 1876.
Family ICTERIDAR
1. Dolichonyx oryzivorus (Linnaeus). Bobolink (494).
E.C. 1876.
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Family THRAUPIDAR

1. Piranga erythromelas. Vieillot. Scorlet Tanager (608).
E.C. 1876.

III. ViLAS AND IRON COUNTIES

Order GAVIIFORMES
Family GAviDAR
1. Gavia immer elasson Bishop. Lesser Loon ( 7a).
H.B.H. Sept. 1900.
Order ANSERIFORMES
Family ANATIDAE
1. Melanitta perspicillata (Linnaeus). Surf Scoter (166).
Oct. 6, 1898,
Oct. 7, 1898.
Order GALLIFORMES
Family TETRAONIDAE

1. Canachites conadensis canace (Linnaeus). Canada Spruce Grouse
(298¢).
Oct. 14, 1898.

2. Bonasa umbellus togata (Linnaeus). Canada Ruffed Grouse ( 800a).
Sept. 29, 1898,
Order GRUIFORMES
Family RALLIDAE

1. Fulica americana americana (Gmelin). American Coot (221).
Sept. 24, 1898.

Order STRIGIFORMES
Family STRIGIDAE

1. Bubo virginianus virginianus (Gmelin). Great Horned Owl (375).
H.V.0. Jan. 20, 1896.

2. Strix veria varia Barton. Northern Barred Owl (368).
H.V.0. Sept. 28, 19083.

3. Cryptoglaux acadica acadica (Gmelin). Saw-whet Owl (872).
H.R. Mar, 18, 1899.

Order PICIFORMES
Family Picipae
1. Coephloeus pileatus abieticols. Bangs. Northern Pileated Woodpecker
(405a).
Sept. 28, 1898.
Sept. 25, 1898.
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2. Picoides arcticus (Swainson). Artic Three-toed Woodpecker (400).
Sept. 25, 1898.
Sept. 30, 1898.
Oct. 4, 1898.

8. Picoides tridactylus bacatus. Bangs. American Three-toed Woodpeeker
(401).
Sept. 23, 1898.
Sept. 80, 1898.

Order PASSERIFORMES
Family MOTACILLIDAE

1. Anthus spinoletta rubescens (Tunstall). American Pipit (697).
Oct. 10, 1898.

Family VIREONIDAE
1. Vireo solitarius solitarius (Wilson). Blue-headed Vireo (629).
Sept. 24, 1898.

Family COMPSOTHYLYPIDAB
1. Vermivora peregrina (Wilson). Tennessee Warbler (647).
Sept. 22, 1898.
Sept. 23, 1898.

2. Dendroica caerulescens caerulescens (Gmelin). Black-throated Blue
Warbler (654).
Sept. 19, 1896.

3. Dendroica virens virens(Gmelin). Black-throated Green Warbler (667).
Sept. 22, 1898.
Sept. 28, 1898.

4. Dendroica castanea (Wilson). Bay-breasted Warbler (660).
Sept. 21, 1898.
Sept. 22, 1898.

5. Dendroica striata (Forster). Black-poll Warbler (661).
Sept. 19, 1898.
Sept. 22, 1898.

6. Seiurus aurocapillus (Linnaeus). Ovenbird (674).
Sept. 22, 1898.

7. Seiurus mnoveboracensis moveboracensis (Gmelin). Northern Water
Thrush (675).
Sept. 18, 1898.

Family FRINGILLIDAE
1. Carpodacus purpureus purpureus (Gmelin). Eastern Purple Finch
(517).
Oct. 11, 1898.
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2. Pinicola enucleator leucura (Miller). Canadian Pine Grosbeak (515).
Sept. 28, 1898.
Oct. 4, 1898.

3. Loxia curvirostra pusilla. Gloger. Red Crossbill (521).
Sept. 20, 1898.
Oct. 3, 1898.

4. Junco hyemalis hyemalis (Linnaseus). Slate-colored Junco (567).
Oct. 6, 1898,

6. Zonotrichia querula (Nuttall). Harris’s Sparrow (553).
Oct. 6, 1898.

6. Zomnotrichia leucophrys leucophrys (Forster). White-crowned Sparrow
(554).
Sept. 29, 1898.

7. Passerella iliaca iliaca (Merrem). Eastern Fox Sparrow (585).
Oct. 6, 1898.

8. Melospiza melodia beata Bangs. Mississippi Song Sparrow (581).
Sept. 24, 1898.

APPENDIX to III.

DouGLAS COUNTY
(In approximately the same region as those of Group III, but farther west).

Order GALLIFORMES
Family TETRAONIDAE
1. Canachites canadensis canace (Linnaeus). Canada Spruce Partridge
(298¢).
H.V.0. Oct. 9, 1902.

2. Pedioccetes phasianellus campeatris Ridgwey. Prairie Sharp-tailed

Grouse (308b).
H.V.0. Oct. 6, 1902.
H.V.0. Oct. 7, 1902.

BIRDS OF NORTHERN AND WESTERN STATES
I. MINNESOTA

ITASCA AND ST. Louis COUNTIES

Order COLYMBIFORMES
Family COLYMBIDAE

1. Podilymbus podiceps podiceps (Linnaeus). Pied-billed Grebe (6).
H.V.0. Oct. 6, 1897,
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Order ANSERIFORMES
Family ANATIDAR

1. Anas platyrhynchos platyrhynchos. Linnaeus. Common Mallard (132).
E.C. Oct. 11, 1897.

2. Querquedula discors (Linnaeus). Blue-winged Teal (140).
H.V.0. Oct. 8, 1897.

8. Nyroca americana (Eyton). Redhead (146).
H.V.0. Oct. 6, 1897.

4. Nyroca collaris (Donovan). Ring-necked Duck (150).
H.V.0. Sept. 27, 1897.

6. Charitonetta albeola (Linnaeus). Bufflehead (153).
E.C. Oct. 7, 1897.

Order FALCONIFORMES
Family CATHARTIDAR

1. Cathartes aura septentrionalis. Wied. Turkey Vulture ( 325).
E.C. Oct. 6, 1897.

Family ACCIPITRIIDAE

1. Accipiter velox velox (Wilson). Sharp-shinned Howk (332).
H.V.0. Sept. 20, 1896.

2. Buteo platypterus platypterus (Vieillot). Broad-winged Hawk (343).
E.C. Sept. 18, 1897.

3. Haliaeetus leucocephalus leucocephalus (Linnaeus). Southern Bald

Eagle (852).
E.C. Sept. 23, 1896.

4. Circus hudsonius (Linnaeus). Marsh Howk (331).
E.C. Sept. 20, 1896.

Fanily FALCONIDAE
1. Falco columbarius columbarius (Linnaeus). Eastern Pigeon Hawk
(3875).
H.V.O. Sept. 18, 1896.
E.C. Sept. 25, 1897.

Order GALLIFORMES

Family TETRAONIDAE

1. Bonasa umbellus togata (Linnaeus). Canada Ruffed Grouse (300a).
E.C. Sept. 26, 1897.
E.C. Sept. 29, 1897.
E.C. Oct. 2, 1897.
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Order CHARADRIIFORMES
Family SCOLOPACIDAE

1. Cappella delicata (Ord). Wilsow’s Snipe (230).
E.C. Oct. 4, 1897.

2. Actitis macularia (Linnaeus). Spotted Sandpiper (263).
H.V.0. Sept. 28, 1896.
H.V.0. Oct. 6, 1896.
E.C. Sept. 28, 1896.

3. Tringa solitaria solitaria. Wilson. Eastern Solitary Sandpiper (256).
H.V.O. Sept. 24, 1897.
E.C., Oct. 6, 1897.

4. Pisobia melanotos (Vieillot). Pectoral Sandpiper (239).
H.V.0. Sept. 22, 1897.

Order STRIGIFORMES
Family STRIGIDAE

1. Bubo virginianus subarcticus Hoy. Arctic Horned Owl (375b).
H.V.O. Feb. 1898.

2. Bubo virginianus virginianus (Gmelin). Great Horned Owl (375).
H.V.O. Sept. 25, 1896.

8. Surnia ulula caparoch (Miiller). American Hawk Owl (377a).
J.HV.W. Nov. 1908.

4, Scotiaptex nebulosa nebulosa (Forster). Great Gray Owl (3870).
H.V.0. Feb. 1897.
E.C., Feb. 1898.

Order CORACIIFORMES.
Family ALCEDINIDAE
1. Megaceryle alcyon alcyon (Linnaeus). FEastern Belted Kingfisher
(290).
E.C. Sept. 30, 1897.

Order PICIFORMES
Family PICIDAE

1. Colaptes auratus luteus Bangs. Northern Flicker (412a).
H.V.O. Sept. 30, 1896.

2. Dryobates villosus willosus (Linnaeus). Eastern Hairy Woodpecker
(398).
H.V.0. Oct. 4, 1896.
E.C. Oct. 8, 1897.

8. Picoides arcticus (Swainson). Arctic Three-toed Woodpecker (400).
H.V.0. Oct. 14, 1896.
E.C. Oct. 15, 1896.
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4. |Picoides tridactylus bacatus Bangs. American Three-toed Woodpecker
(401).
E.C. Oct. 2, 1896.

Order PASSERIFORMES
Family TYRANNIDAE
1. Myiochanes virens (Linnaeus). Eastern Wood Pewee (461).
H.V.O. Sept. 21, 1897.

Famnily ALAUDIDAE
1. Otocoris alpestris hoyti Bishop. Hoyt's Horned Lark (474k).
H.V.0. Sept. 17, 1896.
E.C. Oct. 2, 1897.

¥
Famnily Corvipan
1. Perisorius canadensis canadensis (Linnaeus). Canada Jay (484).
H.V.0. Oct. 1, 1896.
H.V.0. Oct. 12, 1897.
E.C. Sept. 26, 1896.
E.C. Oct. 2, 1896.

Family PARIDAE
1. Penthestes atricapillus atricapillus (Linnaeus). Black-caped Chickadee
(785).
E.C. Oct. 5, 1897.

2. Penthestes hudsonicus hudsonicus (Forster). Hudsonian Chickadee
(740).
E.C. Oct. 8, 1897,

Family SITTIDAE
1. Sitta carolinensis carolinensis Latham. White-breasted Nuthatch
(727).
H.V.0. Oct. 1, 1896.

2. Sitta canadensis Linnaeus. Red-breasted Nuthatch (728).
E.C. Oct. 5, 1897.

Family LANIIDAR

1. Lanius borealis borealis (Vieillot). Northern Shrike (621).
E.C. Oct. 8, 1896.

Family VIREONIDAE

1. Vireo solitarius solitarius (Wilson). Blue-headed Vireo (629).
E.C. Sept. 26, 1897.

Family COMPSOTHLYPIDAE
1. Vermivora celata celata (Say). Orange-crowned Warbler (646).
H.V.0. Sept. 20, 1897.
H.V.0. Sept. 22, 1897.
E.C. Sept. 21, 1897.
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2. Vermivora ruficapilla ruficapilla (Wilson). Nashville Warbler (456).
. E.C. Sept. 21, 1897.
E.C. Oct. 6, 1897,

3. Dendroice pinus pinus (Wilson). Northern Pine Warbler (671).
H.V.O. Sept. 21, 1897.
E.C. Sept. 21, 1897,

4. Dendroica palmarum palmarum (Gmelin). Western Palm Warbler
(672).
H.V.O. Oct. 6, 1896.
H.V.0. Sept. 21, 1897.
E.C. Oct. 1, 1897.

Family ICTERIDAH
1. Euphagus carolinus (Miiller). Rusty Blackbird (509).

H.V.0. Sept. 22, 1888.
H.V.O. Sept. 24, 1897.
H.V.O. Oct. 1, 1897.

Family FRINGILLIDAR

1. Hesperiphona vespertina vespertina (Cooper). Eastern Evening Gros-

beak (514).

H.V.O. Oct. 6, 1896.
E.C. Oct. 6, 1896.

2. Carpodacus purpureus purpureus ( Gmelin). Eastern Purple Finch
(517).
E.C. Sept. 24, 1897.
E.C. Sept. 30, 1896.
E.C. Oct. 10, 1897.

8. Spinus tristis tristis (Linnaeus). Eastern Goldfinch (529).
H.V.O. Sept. 26, 1897.

4. Loxia curvirostra pusille Gloger. Red Crossbill (521).
H.V.O. Oct. 4, 1897.
E.C. Oct. 4, 1897.

5. Loxia leucoptera Gmelin. White-winged Crossbill (522).
H.V.0O. Sept. 25, 1897.
H.V.0. Sept. 26, 1897.
E.C. Sept. 25, 1897.

6. Junco hyemalis hyemalis (Linnaeus). Slate-colored Junco (567).
H.V.O. Sept. 26, 1896.
E.C. Oct. 8, 1897.
E.C. Oct. 4, 1897.

7. Spizella arborea arborea ( Wilson). Eastern Tree Sparrow (559).
H.V.O. Oct. 4, 1897.
E.C. Oct. 6, 1897.
E.C. Oct. 9, 1896.
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8. Zonotrichia querula (Nuttall). Harris’s Sparrow (553).
H.V.0. Sept. 18, 1897,
H.V.0. Sept. 24, 1897,
H.V.0. Sept. 26, 1897,
E.C. Sept. 26, 1897.

9. Zonotrichia leucophrys leucophrys (Forster). White-crowned Sparrow
(554).
E.C. Sept. 26, 1897.

10. Zonotrichia albicollis (Gmelin). White-throated Sparrow (558).
H.V.0. Oct. 2, 1897,
E. C. Oct. 4, 1897.

11. Passerella iliaca iliaca (Merrem). Eastern Fox Sparrow (585).
H.V.0. Oct. 5, 1897,
E.C. Oct. 2, 1897.

12. Melospiza lincolni lincolns (Audubon). Lincoln’s Sparrow.
E.C. Sept. 16, 1896.

13. Melospiza georgiona (Latham). Swamp Sparrow (584).
H.V.0. Sept. 18, 1896.
E.C. Sept. 17, 1896.

14. Calcarius lapponicus lapponicus (Linnaeus). Lapland Longspur (536).
H.V.0. Oct. 9, 1896.
H.V.0. Oct. 12, 1897,
E.C. Sept. 25, 1897.
E.C. Sept. 26, 1897.

15. Plectrophenax nivalis nivalis (Linnaeus). Eastern Snow Bunting
(5%4).
H.V.0. Oct. 11, 1896.

II. NORTH DAKOTA
FOSTER AND WELLS COUNTIES

Order ANSERIFORMES
Family ANATIDAE

1. Chen coerulescens (Linnaeus). Blue Goose (169.1).
H.YV.0. Oct. 1897.

2. Chaulelasmus streperus (Linnaeus). Gadwall (185).
E.C.

3. Nyroca americana (Eyton). Redhead (146).
E.C. Oct. 4, 1899.

4. Charitonetta albeoly (Linnaeus). Bufflehead (153).
E.C. Oct. 8, 1899.
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5. Lophodytes cucullatus (Linnaeus). Hooded Merganser (131).
E.C. Oct. 9, 1899.
Order FALCONIFORMES
Family ACCIPITRIIDAE
1. Accipiter velox (Wilson). Sharp-shinned Hawk (332).
E.C. Oct. 8, 1899.
2. Buteo borealis krideri Hoopes. Krider's Hawk (337a.)
E.C. Oct. 7, 1899.
3. Buteo regalis (Gray). Ferruginous Rough-leg (348).
H.V.O. Sept. 25, 1899.
4. Circus hudsonius (Linnaeus). Marsh Hawk (331).

H.V.0. Oct. 5, 1899.
H.V.0. Oct. 8, 1899.

Family FALCONIDAE

1. Falco perigrinus analum Bonaparte. Duck Hawk. (356a).
H.V.O. Sept. 23, 1899.

2. Falco columbarius columbarius (Linnaeus). Eastern Pigeon Hawk
(357).
E.C.
Order GALLIFORMES
Family TETRAONIDAE

1. Tympanuchus cupido americanus (Reichenbach). Greater Prairie
Chicken (305).

H.V.O. Sept. 25, 1899.
Order CHARADRIIFORMES
Family CHARADRIIDAE
1. Charadrius semipalmatus. Bonaparte. Semipalmated Plover (274).
E.C. Sept. 28, 1889.

2. Pluvialis dominica dominica, ( Miiller). American Golden Plover (272).
H.V.O. Sept. 28, 1899.

3. Squatarola squatarola (Linnaeus). Black-bellied Plover (270).
H.V.O. Sept. 28, 1899.
H.V. 0. Oct. 1, 1899.

Family SCOLOPACIDAE

1. Totanus melanoleucus (Gmelin). Greater Yellowlegs (254).
H.V.0. Sept. 21, 1899.

2. Totanus flavipes (Gmelin). Lesser Yellowlegs (255).
H.V.0. Sept. 21, 1899.
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3. Pisobia melanotos ( Vieillot). Pectoral Sandpiper (239).
H.V.0. Oct. 3, 1899.
4. Pisobia bairdi (Coues). Baird’s Sandpiper (241).

H.V.0. Sept. 27, 1899.
H.V.0. Sept. 22, 1899,

5. Pisobia minutilla (Vieillot). Least Sandpiper (242).
H.V.O. Sept. 22, 1899.
E.C. Oct. 1, 1899,

6. Limnodromus griseus griseus hendersons, Dowitcher.
H.V.0. Sept. 22, 1899.

7. Limnodromus griseus scolopaceus (Say). Long-billed Dowitcher (232).
) H.V.0. Sept. 28, 1899.
Family PHALAROPeDIDAE
1. Lobipes lobatus (Linnaeus). Northern Phalerope (223).
H.V.0. Sept. 26, 1899.
H.V.0. Sept. 27, 1899.
Order STRIGIFORMES
Family STrIcIDAE
1. Bubo virginsanus subarcticus (Hoy). Arctic Horned Owl ( 375b).
E.C. Oct. 8, 1899.
2. Speotyto cunicularig hypugaea (Ridgway). Western Burrowing Owl
(378a).
E.C.
Order PASSERIFORMES
Family ArLAupiDaAR
1. Otocoris alpestris enthymia Oberholser, Saskatchewan Horned Lark.
H.V.0. Sept. 24, 1899,
Family LANTIDAR
1. Lanius borealis borealis Vieillot. Northern Shrike (621).
E.C. Oct. 5, 1899,
Family CoMPSOTHLYPIDAR

1. Geothlypis trichas brachidactyly (Swainson). Northern Yellow-throat
(681d).

H.V.0. Sept. 26, 1899.

Family ICTERIDAR

1. Sturnella neglecta Audubon., Western Meadowlark (501.1 ).
H.V.0. Sept. 29, 1899,

2. Euphagus carolinus (Miiller). Rusty Blackbird (509).
H.V.0. Sept. 22, 1888.
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8. Euphagus cyanocephalus (Wagler). Brewer’s Blackbird (510).
H.V.0. Oct. 1, 1899.

Family FRINGILLIDAH
1. Zonotrichia leucophrys leucophrys (Forster). White-crowned Sparrow
(554). H.V.O. Sept. 23, 1899.

2. Calcarius lapponicus lapponicus (Linnaeus). Lapland Longspur (536).
H.V.O. Sept. 24, 1899.

ITII. WYOMING

UINTA COUNTY

Order PELECANIFORMES
Family PELICANIDAE

1. Pelecamus erythrorhynchos Gmelin. White Pelican (125).
H.V.O. Sept. 10, 1900.

Order GALLIFORMES
Family TETRAONIDAB

1. Dendragapus obscurus richardsoni (Douglas). Richardson’s Grouse.
(297b).
H.V.0. Sept. 14, 1900.

Order PASSERIFORMES
Family CORVIDAE

1. Perisorius canadensis capitalis Ridgway. Rocky Mountain Jay (484a).
H.V.0. Sept. 1900.

2. Cyanocitta stelleri annectens (Baird). Black-headed Jay (478¢c).
H.V.0. Sept. 15, 1900.

8. Nucifraga columbiana (Wilson). Clark’s Nutcracker (491).
H.V.0. Sept. 15, 1900.

Family CINCLIDAE
1. Cinclus mexicanus unicolor Bonaparte. Dipper (701).
H.V.O. Sept. 19, 1900.

BIRDS OF CENTRAL AND SOUTHERN STATES
I. INDIANA

MARION COUNTY

Order PICIFORMES

Family PicipAe

1. Colaptes auratus luteus Bangs. Northern Flicker (412a).
E.C. Feb. 1876,
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2. Centurus carolinus (Linnaeus). Red-bellied Woodpecker (409).
E.C. Feb. 1876.

8. Melanerpes erythrocephalus (Linnaeus). Red-headed Woodpecker
(406).
E.C. Feb. 1876.

4. Sphyrapicus varius varius (Linnaeus). Yellow-bellied Sapsucker (402).
E.C. Apr. 19, 1876.

5. DrYobates pubescens medianus (Swainson). Northern Downy Wood-
pecker (894¢).
E.C. Feb. 1876.

Order PASSERIFORMES
Family ALAUDIDAE

1. Octocoris alpestris hoyti Bishop.l Hoyt’s Horned Lark (474k).
E.C. Mar. 20, 1876.

Family CORVIDAE

1. Cyanocitta cristeta cristata (Linnaeus). Northern Blue Jay (477).
E.C. Feb. 1876.

Family PARIDAE
1. Penthestes atricapillus atricapillus (Linnaeus). Black-capped Chickadee
(785).
E.C. Spring, 1876.

2. Baeolophus bicolor (Linnaeus). Tufted Titmouse (731).
E.C. Feb. 1876.

Family CERTHIIDAR

1. Certhia familiaris americana Bonapoarte. Brown Creeper (726).
E.C. Feb. 1876.

Family TROGLODYTIDAE

1. Troglodytes domesticus baldwini. House Wren.
E.C. Spring, 1876.

2. Namnus hiemalis hiemalis (Vieillot). Eastern Winter Wren (722).
E.C. Apr. 3, 1876.

3. Thryothorus ludovicianus ludovicianus (Latham). Caroline Wren
(718).
E.C. Spring, 1876.

Family MIMIDAE

1. Dumetella carolinensis (Linnaeus). Catbird (704).
E.C. Spring, 1876.

1Dr. Oberholser thinks this is the first certain record of Hoyt’s Horned Lark for Indiana.
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2. Toxostoma rufum (Linnaeus). Brown Thrasher (705).
E.C. Apr. 4, 1877.

Family TURDIDAR

1. Sialia sialis sialis (Linnaeus). Eastern Bluebird (766).
E.C. Feb. 1876.

Family SiLvopAe

1. Polioptila caerulea caerulea (Linnaeus). Blue-gray Gnatcatcher (751).
E.C. Apr. 17, 1876.
E.C. Spring, 1876.

2. Regulus satrapa satrapa Lichtenstein. Eastern Golden-crowned Kinglet

(748).
E.C. Apr. 3, 1876.
E.C. Apr. 4, 1876.

3. Corthylio calendula calendula, (Linnaeus). Eastern Ruby-crowned
Kinglet (749).
E.C. Apr. 19, 1876.
Family VIREONIDAR

1. Vireo olivaceus (Linnaeus). Red-eyed Vireo (624).
E.C. Apr. 17, 1876.

Family COMPSOTHLYPIDAE

1. Helmitheros vermivorus (Gmelin). Worm-eating Warbler (639).
E.C. Spring, 1876.

2. Vermivora pinus (Linnaeus). Blue-winged Wurbler (641).
E.C. Spring, 1876.

8. Compsothlypis americana pusilla (Wilson). Northern Parula Warbler
(648a).
E.C. Spring, 1876.
4. Dendroica aestiva aestiva (Gmelin). Eastern Yellow Warbler (652).
E.C. Spring, 1876.

5. Dendroica magnolia, (Wilson). Magnolia Warbler (657).
E.C. Spring, 1876.

6. Dendroica tigrina (Gmelin). Cape May Warbler (650).
E.C. Spring, 1876.

7. Dendroica coronata (Linnaeus). Myrtle Warbler (655).
E.C. Spring, 1876.
8. Dendroica virens wvirems (Gmelin). Black-throated Green Warbler
(667).
E.C. Spring, 1876.

9. Dendroica cerulea (Wilson). Cerulean Warbler (658).
E.C. Spring, 1876.
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10.

11.

12.

13.

14.

15.

16.

17.

Dendroica fusca (Miiller). Blackburnian Warbler (662).
E.C. Spring, 1876.

Dendroica dominica albilora Ridgway. Sycamore Warbler (663a).
E.C. Spring, 1876.

Dendroica pennsylvanica (Linnaeus). Chestnut-sided Warbler (659).
E.C. Spring, 1876.

Dendroica striata (Forster). Black-poll Warbler (661).
E.C. Spring, 1876.

Dendroica palmarum polmarum (Gmelin). Western Palm Warbler
(672).
E.C. Spring, 1876.

Seiurus moveboracensis mnoveboracensis (Gmelin). Northern Water
Thrush (675).
E.C. Spring, 1876.

Wilsonia canadensis (Linnaeus). Canada Warbler (686).
E.C. Spring, 1876.

Setophaga ruticella (Linnaeus). American Redstart (687).
E.C. Spring, 1876.

Family THRAUPIDAE

1.

Piranga erythromelas (Vieillot). Scarlet Tanager
E.C. Spring, 1876.

Family FRINGILLIDAR

1

2.

Richmondena cardinalis cardinalis (Linnaeus). Eastern Cardinal
(593).
E.C. Spring, 1876.

Spinus tristis tristis (Linnaeus). FEastern Goldfinch (529).
E.C. Apr. 4, 1876.

Pipilo erythropthalmus erythropthalmus (Linnaeus), Red-eyed Towhee
(587).
E.C. Mar. 18, 1876.

Pooecetes gramineus gramineus (Gmelin). Eastern Vesper Sparrow
(540).
E.C. Apr. 19, 1876.

Chondestes grammacus grommacus (Say). Eastern Lark Sparrow
(552).
E.C. Oct. 6, 1877.

Junco hyemalis hyemalis (Linnaeus). Slate-colored Junco (567).
E.C. Mar. 18, 1876.
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7. Spizella arborea arborea (Wilson). Eastern Tree-sparrow (559).
E.C. Mar. 18, 1876.

8. Passerella iliaca iliaca (Merrem). Eastern Fox Sparrow (585).
E.C. Mar. 30, 1876.

II. KENTUCKY

LEE COUNTY

Order PASSERIFORMES
Family ICTERIDAR

1. Quiscalus quiscula aeneus Ridgway. Bronzed Grackle (511b).
C.J.A. Nov. 15, 1900.

BIRDS OF MISCELLANEOUS LOCALITIES
I. ONTARIO

Order ANSERIFORMES
Family ANATIDAE

1. Mergus serrator (Linnaeus). Red-breasted Merganser (130).
H.V.0. Sept. 21, 1901.

Order FALCONIFORMES

Family ACCIPITRIIDAE

1. Astur atricapillus atricapillus (Wilson). Eastern Goshawk (334).
H.V.0. Oct. 7, 1896.

2. Accipiter velox velox (Wilson). Sharp-shinned Hawk (382).
H.V.0. Sept. 11, 1901.
H.V.0. Sept. 17, 1901.

3. Circus hudsonius (Linnaeus). Marsh Hawk (331).
H.V.0. Sept. 26, 1901.

Order CUCULIFORMES
Family CUCULIDAE

1. Coccyzus americanus americanus (Linnaeus). Yellow-billed Cuckoo

(887).
H.V.0. Sept. 19, 1901.

Order PASSERIFORMES
Family ALAUDIDAE

1. Otocoris alpestris alpestris (Linnaeus) Northern Horned Lark (474).

H.V.0. Sept. 19, 1901.

Family CoRVIDAE

1. Corvus corax principalis Ridgway . Northern Raven (486a).
H.V.0. Sept. 9, 1901.
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Family FRINGILLIDAE
1. Zonotrichia querula (Nuttall). Harris’s Sparrow (553).
H.V.0. Sept. 18, 1901.

II. ST. LAWRENCE ISLAND and ALASKA

Order CHARADRIIFORMES
Family LARIDAE

1. Xema Sabini (Sabine). Sabine’s Gull (62).
Aug. 18, 1899.

2. Sterna paradisaea Brimnich. Arctic Tern (71).
Summer, 1899.

Family ALCIDAE
1. Fratercula corniculata (Naumann). Horned Puffin (14).
July 10, 1899.



THE RANGE OF THE BISON IN WISCONSIN
A. W. SCHORGER

The former range of the bison (Bison b. bison Linn.) has
been outlined by Allen!, Hornaday?, and Seton3. The distribu-
tional area in Wisconsin was approximated on the basis of a
few references only. A more thorough investigation of the lit-
erature permits defining the range more accurately, but not to a
degree commensurate with the labor invelved.

A study of this nature would not be complete without giving
consideration to vegetative conditions during the period when
the bison abounded. The southern and western portions of Wis-
consin were covered formerly, for the most part, with prairie
and ‘“oak openings.” In fact, the northern edge of the bison
range coincides surprisingly well with the Prairie post offices.*

The growth of timber during the past seventy-five years has
obscured the former existence of an excellent bison habitat. The
annual burning by the Indians maintained a region of prairies
and open groves; so, for this reason, the map prepared by
Chamberlin® in 1882, on which the prairie areas are shown, does
not give a true picture of early conditions.

The prairie region spread, in the interior of the state, as far
north as Lake Winnebago. Pére Dablon®, who was at the Mas-
coutin village on the Fox River in 1670-71, states that the
prairie extended more than three hundred leagues in every di-
rection. Though this extent is questionable, later travelers found
almost continuous prairie from the site of the present city of
Oshkosh to Portage. Col. Whittlesey®, who traversed the region
in 1832, found, after crossing the Fox River at Lake Winne-
bago, a low rolling prairie that extended for fifty miles. This
same region of prairies and oak openings was described in con-
siderable detail by Capt. Marryat” who called it “beautiful be-
yond description”.

In actuality, the prairie was almost continuous from Lake
Winnebago to the Illinois line. Mrs. Kinzie8, in March, 1831,

* Star Prairie, St. Croix Co.; Prairie Farm, Barron Co.; West Prairie, Vernon Co.; Prairie

du Sac, Sauk Co.; Strong Prairie, Adams Co.; Rolling Prairie, Dodge Co.; and North Prairie,
Waukesha Co.
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journeyed from Fort Winnebago (Portage) to Chicago by way
of Blue Mounds. After leaving Lake Mendota, the trail to Blue
Mounds was over a rolling prairie. Thence her party went south
for fifty miles over a prairie on which it “vainly hoped to see a
distant fringe of timber”. On the return journey, she also men-
tions that after leaving the Madison lakes, the party, to reach
Fort Winnebago, crossed “Twenty-Mile Prairie” without a tree
in sight.

The first recorded overland journey from Chicago to Prairie
du Chien was made by Keating’s party in 1823. It entered the
state near Monroe, crossed the Military Ridge west of Blue
Mounds, and proceeded to Prairie du Chien. Keating® makes
this significant statement: “The only defect which we observed
in the country between Chicago and the Mississippi is the scar-
city of wood, which is more seriously felt on the west side of
Rock river than to the east of it.”” Incidentally, he remarks on
the extreme scarcity of game.

A map'® of southwestern Wisconsin published by R. W.
Chandler in 1829, states that not more than a tenth is covered
with timber, in detached groves, the remainder being prairie.
Daniels'?, the first state geologist, stated in 1854 that only one-
third of southwestern Wisconsin was prairie. He gives, how-
ever, the reason for the rapid disappearance of the prairie: “An
interesting and valuable feature may be mentioned in this con-
nection, viz: The rapid growth of young trees from the soil of
the open prairie, wherever the annual fires are shut off. Upon
Judge Blackstone’s farm, near White Oak Springs, we were
shown dense groves of young trees, from six to ten inches in
diameter, where, twenty-five years ago, not a shrub could be
found larger than a riding whip. The same process may be
seen in numerous localities, at various stages of advancement,
from the prairie, covered with sprouts of oak, hickory, aspen,
hazel, and sometimes maple, linden, and ash, to thick groves
which have been growing for many years. ... If proper pre-
cautions are taken to protect the surface from the fires, every
farm upon these prairies will supply itself with timber in a few
years.”

Fixation of the range of the bison is complicated greatly by
the loose terminology of the early French voyageurs. Some of
the English translations add to the confusion, so that the French
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texts should always be examined. Many writers have used buf-
fle, boeuf, boeuf sauvage, and vache sauvage indiscriminately for
the bison, moose (Alces malchis), and wapiti (Cervus canaden-
sis). In general élan, orginal (orginal), or oriniak refers strict-
ly to the moose. The wapiti was called cerf, vache sauvage, or
stag (stagg). Cerf would be fairly descriptive as it is the French
name of the European stag or red deer. Michaux!? states that
the French and Canadians of Illinois call the American elk cerf
and the white-tailed deer chevreuil. In Europe the chevreuil is
the roebuck. It must be said that many of the French writers
had a “boosting” spirit and wished to make the natural advan-
tages of the country attractive by naming as many mammals as
possible. Fortunately, it is an exceptional case in which any
word other than boeuf can be translated bison for Wisconsin.

The range of the bison will be followed from the northwest-
ern corner of the state, southeasterly to Lake Michigan. School-
craft!s, in 1820, found buffalos in Minnesota where the Elk River
empties into the Mississippi. They did not appear there in 1821,
and the Chippewas stated that 1820 was the last year that these
animals crossed to the east bank of the Mississippi. The place
where the buffalos were found was 40 miles west of the Wiscon-
sin boundary in latitude 45° 20’. Father Hennepin!{, while
a captive of the Sioux, was on the St. Croix River in 1680. He
mentions an Indian grave near which the savages left a pot con-
taining fat buffalo meat (viande grasse de Vdches ou Taureaux
Sauvages).

It is highly probable, aside from historical evidence, that the
bison ranged to the eastward of the St. Croix River. School-
craft’s, in 1831, found that “the prairie country extends itself
into the vicinity of Rice Lake (Barron Co.),” and that along
the Red Cedar River the forests were interspersed with prairie.

The journeys of Radisson and Groseilliers are a geographical
as well as a zoological problem. In his Third Voyage, 1658-1660,
Radisson® mentions the occurrence of “Buffs” about the lake of
“ye Stinkings” (Michigan) and states that they come to the
“upper lake” (Superior) but by chance. He gives a good de-
scription of the buffalo and mentions slaying it during the win-
ter hunts. Careful reading of his voyage leads to the conclusion
that his first experience with the buffalo was obtained on the
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upper Mississippi, probably near the Bois Brulé-St. Croix water-
way. '

In the late fall of 1661, in the course of his Fourth Voyage,
Radisson made an overland journey from Chequamegon Bay to
Lake Namakagon, apparently, the Indians then scattering for
the winter’s hunts. In the beginning, game was abundant and
he!” mentions the killing of “Oriniaks, staggs, wild cows, Carri-
boucks, fallow does and bucks”. Some antiquarians have as-
sumed that his wild cows were buffalos. For various reasons,
it is most probable that he refers to the female wapiti. He and
his associates in the course of the winter wander westward to
the St. Croix and beyond, into the country of the Sioux. He
then makes several references to their buffalo culture, always
using the word “buffe” or a variant. Furthermore, while re-
turning homeward from his Third Voyage his party killed “wild
cowes” on the Ottawa River, Canada, 30 leagues below the Calu-
met Rapids. The buffalo never occurred along the Ottawa. That
the moose was not intended is shown by the fact that an horini-
ack was killed shortly afterwards. The cow moose is more mul-
ish than bovine as attested by some of the early French travel-
lers.

Bison were common in certain localities along the Mississippi
River, from Lake Pepin to the Wisconsin River. Buffalo River
in Buffalo County perpetuates their former abundance. Henne-
pin'® was the first to mention “la Riviere des Taureaux Sauv-
ages,” stating that it was so-called from the large number of
buffaloes ordinarily found there. It was described as skirted
by mountains, but these were sufficiently distant in places to
leave prairies. The Indians with him made a hunt on this river.
Returning, laden with meat, their women concealed it on the
islands at the mouth of the stream. He also mentions buffalos
at Lake Pepin (a la pointe du Lac des pleurs), and an occasion
on which some sixty buffaloes with their young (soixzante Taur-
eaux, ou Vdaches Sauvages avee leurs veaux) crossed a river. The
side of the Mississippi on which they were found is not deter-
minable. Pike'® mentions a Point de Sable projecting about a
mile into the lake from the west side.

La Salle?, in a letter written in 1682, mentions the “Riviére
des boeufs” that owed its name to the large number of those
animals found there. In 1699, Le Seur?! described a large, beau-
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tiful river coming from a great distance, and flowing at its
mouth from the north. This was called the Bon-Secours from
the great number of bison (boeufs), wapiti (cerfs), bears, and
deer (chevreuils) found there. This river has been identified
with the present Chippewa River2?, and from all the evidence,
correctly so. It is difficult in some cases to decide whether the
Buffalo or Chippewa River is intended, the two streams being
about 10 miles apart where they enter the Mississippi. Henne-
pin states that his Riviére des Taureauzx is a whole league from
Lake Pepin (une grande lieiie du Lac des pleurs), so that it must
have been the present Chippewa River. '

A glance at a detailed map permits some interesting con-
clusions. About 1214 miles above the mouth of the Chippewa
a branch known as Beef Slough leaves the river. This slough,
known also as Boeuf Slough?®, even in modern times, curves to
the southeast for 18 miles to join the Mississippi, thus forming
with the main Chippewa a large delta. The present Buffalo
River, that is only 30 yards wide at its mouth, empties into the
lower end of Beef Slough 914 miles below the main mouth of
the Chippewa. Strictly speaking, the Buffalo River is accord-
ingly a tributary of the Chippewa. More to the point is the fact
that the voyageurs keeping to the main channel of the Missis-
sippi would not be likely even to see the Buffalo, this river and
the slough being relatively insignificant. It is apparent then
that when Chippewa predominated as the name of the main
stream, the slough and its tributary fell heir to Boeuf.

It would seem that both rivers had bison on the banks so that
a further discussion of the names would not be in place. Long?,
in 1817, states that buffalos while not numerous on the “River
au Boeuf” (Buffalo River) were still hunted there by the Indians
at all seasons.

The Chippewa valley was unquestionably the greatest game
region in the state. Carver? ascended the river in June, 1767,
and observes ‘“larger droves of buffaloes and elks” than in any
other part of his travels. He describes the land along the river
as very level for sixty miles and clothed with fine meadows. His
account establishes the distance that the buffalo ranged to the
eastward in this latitude. The country was almost devoid of
timber up to Chippewa Falls, but rugged and heavily timbered
beyond.
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Range of Bison in Wisconsin,

The Wisconsin Historical Society recently received from the
library of McGill University a copy of the “Military Journal of
Captain James Stanley Goddard made in 1766-7”. He left Mac-
kinac September 17, 1766 and stopped at the Sauk village in
Sauk County. He remarks that the Sauk Indians are good hunt-
ers and have horses “which they use to hunt Buffalos on in the
summer time”. He accompanied Jonathan Carver on his voyage
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up the Chippewa River. The journal contains the following
entry for May 29, 1767: “This is a fine river . . .; there is plenty
of animals, such as stag, deer, bear and buffalos, of which we
killed every day one sort or other”. Acknowledgment is made
to the Society for their kind permission to use the above ex-
cerpts.

It is improbable that the bison occurred in the south-central
part of the state. Here, the terrain is rugged and was well
wooded. To the northward lay the “sand barrens.”

The drawings of various animals in a cave near West Salem,
La Crosse County, have been described by Brown2s, Two of the
pictographs here reproduced (Pl. 1, figs. 1-2) unquestionably
represent the bison. The technique indicates Siouan origin,
though the quality is below that of some of their more modern
paintings. The Sioux formerly occupied or claimed the east bank
of the Mississippi from the mouth of the Wisconsin River to
Mille Lacs, Minnesota.

Bison were found in numbers near the mouth of the Wiscon-
sin River up to the latter part of the eighteenth century. B. W.
Brisbois?” was born and raised at Prairie du Chien. He was told
by a Mrs. Cardinal (Cardinell), who came to Prairie du Chien
about 1767, that buffalos crossed the river in such numbers that
it was necessary to wait for the hordes to cross before a canoe
could pass safely. La Salle®, writing under date of Aug. 22,
1682, expresses his concern that Du Luth may interfere with the
fur trade that he is establishing on the Wisconsin “on account
of the great number of buffaloes (boeufs), which are taken there
every year, almost beyond belief.”

There is no specific reference to the bison on the Wisconsin
River between Prairie du Chien and Portage. Marquette?, in
his memorable journey from Green Bay to the Mississippi in
1673, states that while on the Wisconsin River, he saw no small
game or fish, but many deer (cheuréilz), and a large number of
“cows” (Vaches). Shea3® translates Vaches as moose and states
that it is clearly a mistake to assume that bison is intended.* His
argument is based on the fact that Marquette does not mention
the bison until he arrives on the Mississippi in latitude 41° 28’.
Marquette gives then a description of the bison under the name

* Tt is just as great a mistake to tramslate the word as moose for the lower Wisconsin is
far below the former range of this species. -
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pisikiou** or boeufs sauvages. On Marquette’s map the bison is
Boeuf sauvage.

It is likely that the vaches seen by Marquette on the Wiscon-
sin River were wapiti, even though he later speaks of bison,
wapiti, and kids (boeufs, cerfs, chevreuz)3'. Dablon’s Relation3*
was probably available to Marquette before he set out on his
voyage. Dablon was at the Mascoutin village, modern Berlin®,
on the Fox River, in 1670-1671. In describing the prairies south
of Lake Winnebago he mentions that “wild cows” (vaches sauv-
ages) are encountered not infrequently in herds of four and five
hundred each. He must refer here to the American elk, consid-
ering the size of the herds, and the fact that he immediately pro-
ceeds to describe in detail the bison occurring in the same lo-
cality. Dablon was the first to use the name pisikiou as a syn-
onym for the buffalo (buffle).

There are several other references to the occurrence of the
bison in the region south of Lake Winnebago. Allouez®, writing
of his journey to Lake Superior, 1665-1667, states that the Outa-
gamie live southward towards the lake of the Tlimouek (Michi-
gan), in a country favorable to the hunting of wapiti (Cerf),
bison (Boeuf sauvage), and other animals. When he actually
visited these Indians in 1670, he found them living on the Wolf
River. He does not mention the bison again, but states that
large and small stags (grandes et petits Cerfs), bears, and bea-
vers are found in abundance.

Perrot®s visited the Wisconsin tribes in 1666 and mentions
the bison in several cases. He states that shortly after the In-
dians had formed a new settlement near Green Bay, they went
to hunt bison (Boeufs) and returned in a fortnight loaded with
meat and grease. Since it took the French five days to reach
the Mascoutin village (Berlin), it is safe to assume that the
hunt was made on the prairies south of Lake Winnebago. The
Indians could scarcely have gone farther, killed the game, and
returned in the time specified. After reaching the Mascoutin
village, Perrot mentions that he was seated on a painted bison
robe “the hair of which was softer than silk.” His food was
seasoned with bison fat (graisse de boeuf), and he left his gun
with the Indians in order that they might use it to hunt bison.

** Mr. M. W. Stirling of the Bureau of American Ethnology has informed me that pisikiou is

evidently intended for the Menominee word pisikkiw, meaning buffalo. The plural form is
pisihkiwik. '
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While voyaging up the Fox River in 1690-1691, Perrot?® was
presented with a bison (boeuf) and some maize that were of
great assistance to the Frenchmen on their journey to the Mis-
sissippi. De Beauharnois®®:, in May, 1730, writes that the allied
Ottawas, Sauteurs, Menominees, and Winnebagoes destroyed
twenty flatboats of Foxes returning from a buffalo hunt.

Their former presence was mentioned by travelers in the
region as late as 1837%7. Richard Dart’s family, the first to set-
tle at Green Lake, took up a claim south of the lake in 1840,
when he was twelve years of age. In 1906, he stated: “We saw
no buffalo, but their wallows and chips and horns were visible,
and seemed recent. [Pierre] Le Roy* said that he had seen
these prairies black with buffalo3".

The lakes formed by the widening of the upper Fox River
were known on the early French maps as the Wild Rice Lakes
(Lacs de Folles Avoines). The first reference that has been
found to Lac du Boeuf, the present Buffalo Lake, is in 1777-
177838, The French name of this lake was used also by Feather-
stonhaugh?® who traversed it in 1835. William Powell*® (1810-
1885), who was interviewed in 1877, states that the Buffalo
Lake region was a great buffalo range in early times. The oldest
Menominee living had never seen buffalos in Wisconsin. Iome-
tah, an aged Menominee, who died about 1867, and others stated
that their fathers had killed and driven them off.

The discoveries of Recent and fossil remains of the bison are
distinetly limited. Hay*' received from Dr. S. Weidman, State
Geologist, a humerus, classed as Recent, found in a marsh near
Oshkosh. This indicates that the bison may have ranged to the
northern end of Lake Winnebago on the western shore.** Recent
bones have also been found on the site of the old French post
near Trempealeau?2.

The bison remains found by Whitney*® in a lead crevice at
Blue Mounds, Dane county, appear to belong to an extinct spe-
cies. Of exceptional interest is the recent discovery of the re-
mains of approximately forty Bison b. oliverhayi in a peat bog in

* It would be possible to approximate the date of the disappearance of the bison if the date
of Pierre Le Roy’s birth were known. He was in the Kinzie party in their journey to Chicago in
1831, Mrs. Kinzie speaks of him as ‘“‘young” Roy.

** Tn 1765 there was published in London, “A Concise Account of North America”, by Major
Robert Rogers. In describing Green Bay, page 164, he mentions the tall grass growing between
the trees and adds: “This invites hither the greatest plenty of deer, elks, buffalos, wild cows, bears,
beavers, . . . . ” The work is obviously a compilation and there is no historical evidence that the
author had first hand knowledge of the country west of Mackinac.
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the St. Croix watershed#t. No bones of Bison b. bison were found
with them.

The Winnebagoes are of Siouan linguistic stock, but are not
known to have resided outside of the Wisconsin region. The
stronghold of the tribe was in the Lake Winnebago district. They
first became known to the whites in 1634 when Nicollet found
them at Green Bay. Though culturally a distinctly timber peo-
ple, the Winnebagoes had a buffalo clan, and their most impor-
tant ceremony was the buffalo dance. Thwaites®s, in 1887, in-
terviewed Moses Paquette, interpreter for the Wisconsin Winne-
bagoes, who described the puffalo dance as still the tribe’s most
popular ceremony.

No reference was found to the occurrence of the bison in life
in extreme southern Wisconsin though conditions were very
favorable for their existence in abundance. There are no ac-
counts of whites traversing this section prior to 1800. It re-
mained a terra icognita due to being off the main waterways.
The water routes followed by the French were the Fox-Wiscon-
sin to the Mississippi and the Lake Michigan shore to Chicago.
While the identification of effigy mounds leaves much to the
imagination, the occurrence of “buffalo” mounds on the south-
ern prairies is of some significance. Lapham® has described,
among others, two buffalo mounds along Honey Creek, at the
edge of the Sauk prairie, Sauk County. One of the mounds is
shown as Fig. 3 (PL.I). He considered the animals to be graz-
ing in an attitude “quite spirited and natural.” The list of the
mammals of Sauk County published by Canfield” contains the
following brief reference: “Buffalo.—Had all left before the
country was purchased of the Indians.”

A group of six animal mounds in single file was described
by Taylor*s in 1838. The group was situated in Dane County
eighteen miles west of Madison and seven miles east of Blue
Mounds. He seems to have made a careful survey but is in doubt
as to the animal that the figures are intended to represent. He
decided in favor of the buffalo, because of its former abundance
in the surrounding prairie. In 1836, Featherstonhaugh?®, after
leaving Blue Mounds, saw on the prairie “seven buffalo mounds,
each representing distinctly, the head, horns, neck, fore and
hind legs, body, and tail of that animal.” In spite of certain dis-
crepancies in the drawings, there is no doubt but that this was
the same group surveyed by Taylor. Taylor’s animals resemble
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the bear, while Featherstonhaugh’s drawings are too distinctly
bovine to be credible.

It is stated by T. V. Kumlien®, in a private paper now in the
possession of Mr. Angie Kumlien Main of Fort Atkinson, Wis-
consin, that the early settlers found buffalo horns in the vicinity
of Lake Koshkonong. There were no permanent settlements in
Jefferson County, prior to 1835, so that the existence of horns at
this date would indicate that the buffalo did not disappear from
the region prior to 1800.

Marquettes!, in the course of his last voyage, skirted the
western shore of Lake Michigan. He mentions, on Nov. 27,
1674, that after proceeding about three leagues from “the river”
(Milwaukee) he found savages who had killed some bison
(boeufs). This would be in the vicinity of Rlacine. Marquette
is consistent in his use of boeuf, and there is no doubt that he
refers to bison. Proceeding on to the Chicago River, his men,
Pierre and Jacques, killed three bison.

It is surprising that the bison was found so long in Wiscon-
sin in view of the fact that it was almost extinct east of the
Mississippi prior to 1815. Hoy%? states on the authority of Gov-
ernor Dodge that buffalos were killed on the Wisconsin side of
the St. Croix River the year following the close of the Black-
hawk war. This would be 1833. Lapham?3 states that the buf-
falo was seen last east of the Mississippi in 1832. Agreement is
good as to the date of extinction for Sibley’* reports that the
Sioux Indians killed two bison on the Trempealeau River in
1832. There is a melancholic reflection in his words: “They are
believed to have been the last specimens of the noble bison which
trod, or will ever again tread, the soil of the region lying east of
the Mississippi river”.
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GENETIC HISTORY OF CATTLE IN WISCONSIN*
GEORGE WALTER WOOLLEY

. INTRODUCTION

This study was begun at the suggestion of Dr. L. J. Cole, who
pointed out the need of a genetic history, or at least a historical
survey, of the cattle of Wisconsin. At that time, as at present,
there was no available source of information of this nature. This
condition was almost equally true for American cattle in gen-
eral.

The vast majority of the cattle of the state have at all times
been unregistered. Without a knowledge of the different foun-
dation stocks entering the general population there was no sat-
isfactory method of determining the per cent and kind of differ-
ent blood making up the unregistered cattle of the state. Unlike
the registered breeds, which are closed to outside blood, various
bloods could have entered into the make-up of these cattle from
time to time. This paper is an attempt to evaluate the present
cattle population on the basis of the different groups that have
been brought into the population during its development. At
present the work is complete to 1860. From 1860 to 1890 the
emphasis has been placed on dairy cattle.

EARLY INTRODUCTION OF CATTLE INTO WISCONSIN

European and American Background.

When representatives of the European nations came to the
North American continent in the fifteenth century no domestic
cattle, Bos taurus, were found. American bison were present,
but these never proved satisfactory animals for domestication.
Importations of varieties of domestic cattle from Europe started
with the establishment of the first settlements and have con-
tinued up to the present time.

For many years the cattle of America merely reflected vari-
ous types that were present in Europe. Within Europe they
differed greatly in size, color and form, even between sections

* A thesis submitted to the Graduate School of the University of Wisconsin in partial
fulfillment of the requirements for the degree of Doctor of Philosophy. 1935.

Paper from the Department of Genetics, Agricultural Experiment Station, University of Wis-
consin, No. 189. Published with the approval of the Director of the Station.
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of a country. Excellent reviews of these cattle are given in the
United States Consular Reports of 1887, and by Morse, 1910.
In this paper, breed terms have been used as a basis for classifi-
cation of these differences, except in a few instances where it
has been found expedient to use geographical distribution.

The cattle of the older North American settlements may
readily be separated into three divisions. On a geographic basis
these might be termed Spanish, English and French, respective-
ly. In general, these divisions developed independently until
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F16. 1. Distribution of Cattle in America about 1750.

Three geographically distinct divisions of cattle were present in North ,
America. The lower Mississippi, however, probably possessed a number of
cattle of French importation, as well as of Spanish importation, and the
southern English colonies a few of Spanish origin.



Wooley—Genetic History of Wisconsin Cattle 133

after 1800. The three came together in Missouri near this latter
date. (Fig. 1.)

The first two of these, the southern and the central, may be
eliminated from the picture of the early cattle of Wisconsin. Of
these two, the former never became of importance to Wisconsin
at any time. The cattle of this division, first brought by the
Spanish to the West Indies and then to the entire coast from
Florida to Mexico!, were only of importance in the south and
southwest part of the continent?. Cattle of the central, or second
division, formed the foundation stock for the progressively west-
ward moving ‘‘cow country” of North America. These cattle
are discussed in connection with a later group of cattle in Wis-
consin. It is of interest at this time to know that after remain-
ing east of the Alleghenies for many years, their first move
westward was from Virginia, to Kentucky and Tennessee. They
reached Ohio by 1773. Other cattle are known to have been
present in Wisconsin at this time.

The third division includes the cattle brought to the St.
Lawrence. These are of particular interest here because of their
importance in the French Northwest, of which Wisconsin was a
part. French and Portuguese fishermen who settled in little
groups along the Newfoundland shore were the first to make
importations of cattle to this region. Starting as early as 15183,
and 15254, these preceded even the adventurous Cartier, who dis-
covered the St. Lawrence river for France in 1534. Only frag-
mentary history exists concerning these early importations®.

1In 1495 cattle were sent to the Indies. Whitaker, p. 3. The first reliable data as to cattle
on the continent are contained in a written report found in the Spanish Archives at Madrid, to

the effect that Gregario Villalabos in 1521, went to Spain (now Mexico) as Governor General or
Vice-roy. Villalabos landed near the present town of Vera Cruz, Mexico, and according to the

manuscript, ‘“brought a number of calves from Santo Domingo, he being the first to bring them to
New Spain.” Saunders p. 709. For early mention of the cattle of Porto Rico, see Memoir of
Melendez, 1565, and for the Gulf region in general, Memoir of Sieur de la Salle, 1678.

3 See Schlarman for the relation of d’Iberville’s colony, Louisiana, to the French Canadian and
Indian colony on the Kaskaskia.

~3In 1518 Baron de Lery made an abortive attempt at settlement on Sable Island where the
cattle left by him remained and multiplied. Parkman, p. 172.

4 Saunders, p. 107, 1925.

5 Parkman, p. 211-212, treats of the attempt of the Marquis de la Roche to plant Christianity
and civilization in the west. This catholic nobleman of Brittany landed forty of his colony of
convicts on Sable Island while he and a few trusty followers explored the neighboring coast for a
site for the new capitol of his domain. Meanwhile a storm drove him out to sea and he returned
to France. Twelve survived until relief came five years later, 1603. ‘For food they caught fish
in the surrounding sea, and hunted the cattle which ran wild about the Island, sprung perhaps
from those left here eighty years before by Baron de Lery.”

¢ Gorham.
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Undoubtedly the animals of Cartier, 1541, and of the Roberval
Expedition, 1842, were lost, as the settlements proved abortive.
The cattle brought by de Monte and Champlain to St. Croix
Island in 1604 started a more permanent group. This colony
was moved to Port Royal in 1605, and more animals added in
16105, Mention is again made of these in 1613 and in 1629.
Near this latter date cattle were first brought to Quebec, and
following this, to other points along the St. Lawrence.

Cattle in this region were almost all from France and in-
cluded two main types of cattle; those of Brittany and of Nor-
mandy. The first of these, the race Bretonne, is now interpreted
as being a descendant of Bos longifrons, the Celtic Shorthorn;
that had been kept pure for many years. It is characterized as
a pie-black or black animal, hardy, a good milker, and measuring
8 feet 2 inches to 3 feet 6 inches in height at the withers. In
contrast, the Norman breed is a descendant of Bos primigenius,
and is described as one having an unprepossessing bony frame,
long and heavy head, long of body, large, coat color variable,
brown, red or piebald and never failing to present brown streaks
over the surface of the body that have given rise to the term
“brindled.” y

No critical information is available concerning the relative
proportions of these two breeds that were imported. Frequent
reference to small, black, and black and white cattle in the pio-
neer settlements of the French Northwest is assurance that the
cattle of Brittany played an important part’. Small size was
undoubtedly of great aid in transportation as the early French
in Canada travelled mostly by water. A number of references
to ring-streaked, or brindled animals among the French cattle of
Illinois, and of Wisconsin, exist for a later period. A combina-
tion of these early types, together with subsequent selection,
produced the distinctive French-Canadian breed of this day.

Following the establishment of cattle in Lower Canada, cattle
were taken from this region to the territory to be known as the
French Northwest of the 17th century. This territory, between

7 Charlevoix visited the Illinois in 1721 and wrote: “the inhabitants of Kaskaskia have
black cattle and poultry and are doing well.” Reynolds, p. 33. See Journal of Peter Pond for
black cattle at Green Bay 1774 (Wis. Hist. Colls., 18, 329). (Quebec) “The cows have likewise
been imported from France, and are about the size of our Swedish cows. . . . The cows vary
in color, most of them either red, or black.” Per Kalm, Vol. 2, p. 327, 1749. Thompson notes
black cattle at Vincennes after its founding in 1735, and at Fort Chartres in 1767. Black cattle
were at Cape Girardeau, just across from Kaskaskia, W.H.C. Vol. 22, p. 58.
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the Great Lakes and the Ohio, has been described as a wilder-
ness, covered by forest and prairie, thinly peopled by Indians,
and with here and there French forts, the only points of civiliza-
tion in the whole region. Detroit on the south and Mackinac on
the north were centers for the securing of supplies. Occupation
was only along the waterways, the rivers and lakes, and at the
most strategic points for fur trade. As cattle were taken into
this region, they, too, were to be found only in limited areas.

The first record of cattle in the west is at Detroits, in 1707,
soon after the founding of the colony by Cadillac®. In the first
half of the following century cattle were taken to the prominent
French posts of Vincennes, Kaskaskia, Mackinac and Sault Ste.
Marie. In the latter half of the century they were found in
Green Bay, Grand Portage, and Prairie du Chien, posts of spe-
ecial interest to the history of Wisconsin.

‘Within Wisconsin during this latter period, the posts at both
Green Bay and Prairie du Chien began to attain a measure of
prominence. Other villages within Wisconsin were intermittent-
ly maintained. A few French and half-breeds were engaged in
trade and transporting canoes at Portage and some were at Che-
quamagon and the Fond du Lac post in the north.

Cattle at Green Bay

The first reference to cattle in Wisconsin that has been found
is that for the Green Bay settlement. This was to be expected
from a knowledge of the early fur trading in the French North-
west. After having been the first point in Wisconsin to have been
reached by a white man, Nicolet, 1634, it became one of a great
line of French forts, or points of aid, for French traders in their
barter with the Indians for furs. In the first part of the eigh-
teenth century these forts described a broad arc from Quebec,
up the Great Lakes and down the Ohio and Mississippi rivers, to
the Gulf of Mexico.

SW. H. C. Vol. 16, p. 268, 270.

® “Antoine de la Monte Cadillac, Lord of Bonaget and Montdesert, and Commandent for
the King at Detroit, acting under a commission from Louis XIV and being granted fifteen acres
square, left Montreal in June, 1701 with one hundred men, a Jesuit missionary, and all the means
for the erection of a colony; and reached Detroit in July of the same year, where they commenced
the foundation of the settlements. Before that period Detroit had not been unknown, As far back
as 1620, it was the resort of French missionaries, and when first visited by the French, its present
site was occupied by an Indian village named Tenscha Grondie.” ‘Lauman, p. 40. See Severance,
p. 197,
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Green Bay became the first of the primitive Wisconsin
settlements to attain much in the way of permanence. This
settlement!® dates from the time of the migration of the Sieur
Augustin de Langlade, and his son Charles, from the region near
Mackinac to Green Bay about 1745. The colony started with
probably not more than eight persons, and as late as 1785 it did
not exceed fifty-six souls. Very little is known regarding their
conditions of life and for a number of years no mention of live-
stock has been found. It is known that the settlement was closely
allied to Mackinae, which, together with the Sault Ste. Marie,
possessed cattle about. 1750. Following the ceding of Canada to
England, 1763, connection with the outside world increased.
British subjects began to follow the route pursued by the French
traders and to engage in the fur trade. Jonathan Carver .visited
Green Bay in 1766 and noted that the few French cultivated
the land and appeared to live comfortably. In 1773, Peter Pond!,
a fur trader who, together with Joseph Frobisher and his broth-
er, form the principal names associated with the earlier explora-
tions beyond Lake Winnepeg, visited Green Bay. He recorded
his observations in a Journal and in this is found the reference
previously mentioned in regard to cattle at Green Bay. Unfor-
tunately it does not give a clue as to how long they may have
been present. Part of the Journal in which he unmistakably
speaks of Green Bay is as follows:

“In three or four Days we arrive at the Mouth of the Bay
which is two or three Mile Brod. In the Mouth is Som Islands
which we follow in crossing to the South West Sid & then follow
ye Shore to the Bottom is Seventy Miles whare the fox River
Empteys in to the Bay. We went a Short Distans up the
River whare is a small french Village and thare incampt for two
Days. This Land is Exalent. The Inhabitants Rase fine Corn
and Sum Artickels for fammaley youse in thare gardens. They
have Sume trad with ye Indians which Pas that way. On the
North Part of the Bay is a small Villeag of Indians Cald the
Mannomaneas who Live By Hunting Cheafley. They have an-

10 Wisconsin Magazine of History 1:295. Smith, Vol. 1, p. 113.

1A copy of a map in Yale University Library entitled, “Travels of Capt. Peter Pond”,
has the winter residences of Pond noted on the back. From this the year is interpreted to be at
the first of a 1773-5 period. See Davidson.

1W. H. C. Vol. 18, p. 314-356. Reprinted from Conn. Magazine, Vol. X, p. 234. Gates,

p. 30-33.
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other Resois [resource]—the Bottom of the Bay Produces a
Large Quantity of Wilde Rice which they Geather in Sept for
food. I ort to have Menshand that the french at Ye Villeg whare
we Incampt Rase fine black Cattel & Horses with Sum swine.”

At the same date stock is again mentioned at Mackinac;
their manure being used to fertilize the sandy gardens. Hay
for this stock was then being brought a distance of thirty miles
by boat, while for others it was transported over the ice during
the winter.

The observations of Peter Pond are in part supported by the
recollections of Augustin Grignon, an early Green Bay settler,
whose memory may be said to extend to 1784-1785. He states:
‘“Horses, cattle, hogs, and fowls were plenty as far back as I can
remember: and must have been common in the settlement long
before my day.” He also recalls that cattle for beef were sold
to traders passing into the Indian country.

A few years later, 1793, the English trader, Robert Dickson,
writes as follows: ‘“The land is poor and barren on the north
side of the lake until near La Baye where the soil is excellent
and the seasons are early. Here it has long been settled from
Canada by people who sow a little grain and have about 100
cattle which run in the woods.”

Cattle received more notice during the disturbances at the
beginning of American control at Green Bay, 1814-1816, as well
as in the following years when the increases in population pro-
duced problems relative to sources of food. In Bullock’s letter
to Captain Loring it is said: “In my reply to the information
required by the General, I am sorry to say that our resourses
here are very few, and in that of the articles of provisions al-
most consumed—only 68 pounds of salt meat in store. The pro-
portion of animal food purchased was so small that I found it
necessary on the 1st of November to reduce the ration of beef to
half a pound per day, and since, on the 25th Decmr. to limit the
issue of meat to four days in the week,—at the above rate—
so that the troops might have a small proportion of that food as
long as possible, and which they will have until about the middle
of the ensuing month.” John Lawe, one of the most prominent
livestock raisers complained a few years later that: “the soldiers
has reduced me in cattle so that I have but few remaining.
2 Years running I could never save a calf nor a pig.” Losses of
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cattle reported to the Court of Inquiry as due to Indian deprada-
tions totalled eighty-eight head; eleven calves, two heifers,
twenty-eight cows, six bulls, and forty-one oxen. Again in 1824,
John Lawe complained that: “there has been a great number
of U. S. troops garrisoned or that are stationed at Green Bay,
but what good does that do me it is only to assist in ruining of
me and the Pilfering or general Stealing, Killing of cattle, and
the committing of every kind of depredation.”

Throughout the period of early United States control, the
Green Bay community continued to have the native, or French,
cattle population, even as it remained essentially French in hab-
it, custom and language. General Ellis’s Recollections for 1822
picture the conditions as follows: ‘“the residents on the river
except some half dozen Americans were retired French Voy--
ageurs, and half-breed French and Menomonees; they had with-
out let or hindrance, taken up the whole shore of the river above
the fort, for six miles; divided it off into little strips of one or
two French arpents in width, which they called their farms;
they claimed back at right angles from the river eighty arpents,
about two and three-fourths miles in depth. They had reduced
most of the fronts for an acre, or two, or three, some more, some
less deep, to a state of cultivation; and had growing at the time
of our arrival, the first of September, very fair -crops of pota-
toes, maize, oats, peas, spring wheat, pumpkins, melons, cab-
bages, onions, and other common vegetables. Most of them had
teams of native oxen, and a kind of implement claimed to be a
plow, with which they broke the soil. This plow went on wheels
one of which was twice the size of the other, the larger one going
in the furrow, and the smaller one going on the land. The plow
beam was fourteen feet in length; the chip, on which the share
was fastened, was four feet long, and altogether, when in motion
was drawn by six or eight bulls, it was a formidable object, and
answered well the end of its construction. ... These bull-teams
were a curiosity to a raw American. The animals were unblem-
ished—the yoke was a straight stick of hickory worked off
smoth, and bound to the bulls necks just back of the horns.”

The progress of the French in the raising of cattle at Green
Bay was not great when compared to that of the French in Illi-
nois during the same period, and extensions of cattle that might
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be attributed to the Green Bay settlement were few. From the
Indian agent at Mackinac it is learned that the Ottawas residing
at the river Shaboigan (Sheboygan) had progressed consider-
ably in the arts of agriculture by 1816, and had applied to him
for cows, hogs, fowls, etc. About 1814 Mirandeau, at Milwau-
kee, secured two cows from Chicago. They were brought for
beef to the Chicago (Fort Dearborn) garrison and being milch
cows were purchased and brought to Milwaukee.

No direct statement has been found regarding the source of
the Green Bay cattle. It is known that their horses were from
Detroit, and their sheep directly from Mackinac. It seems prob-
able that the cattle were secured from one of these points along
the water route!s. Detroit was the first agricultural post in the
west, and notices regarding cattle at that point have been found
as early as 1707. It is known that corn and supplies were se-
cured for Mackinac from Detroit, starting as early as 1715.
Cattle were present at Mackinac and at Sault Ste. Marie by
1751, and at this time it was planned to have the care of the
cattle take precedence over that of the cultivation of the land
because it was thought that as Detroit and other southern posts
became more settled they would supply an abundance of grain
to the northern posts, which would send them cattle in return.

Cattle at Prairie du Chien

Prairie du Chien was a second point in Wisconsin to which
cattle were brought before 1800. The natural advantage of
Prairie du Chien, which was derived particularly from its sit-
uation at the junction of two large and navigable streams, the
Wisconsin and the Mississippi, did not escape the observing eyes
of the early French travelers and traders. A village was esta-
blished by the French from Canada for the purpose of trade
with the Indians. Reynolds!* writes that this was built not long
after the first discovery of the country, and occupied by Indian
traders and farmers’®. Carver, in 1766, found a large Indian
village here, containing about 300 families; and he represents
this place as “the great mart”. Horses were present but no men-
tion is made of cattle. Pond speaks of this as a “very handsome

13 Kellogg, p. 390, interprets the early cattle, “probably from Detroit.”
14 Reynolds, p. 121.

15 The author interprets the term farmer to mean collector of revenue for France; the collecting
being let, or “farmed”. See W.H.C., Vol. 16, p. 177.
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plain” and tells of the gathering of the French and Indians.
Large thirty-six oar boats were coming to this place from as far
south as New Orleans and bringing such products as wine, ham
and cheese.

The first evidence of cattle at Prairie du Chien is from the
writing of the English trader, Robert Dickson, who was very
familiar with this area near the close of the century. In a letter
to the Hon. Robt. Hamilton of Queenston, 14 July 1793, he says:
“about two leagues from where the Ouisconsin falls into the
Mississippi there is a meadow about three leagues in width called
Prairie du Chien. Here a good number of families are settled?s,
They have lately got cattle from the Illinois and begin to raise
wheat”. There seems to have been no regular settlement at the
point Dickson refers to before 17811718, which indicates that, if
true, the indefinite term “lately”” as used would not cover a span
of more than twelve years.

- The Illinois, the place from which Prairie du Chien received
its first cattle, was a region settled by the French from Canada
at an early date. The Jesuit Fathers had put forth their best
efforts to make farmers and stockmen out of the savages here,
bringing cattle to the mission at Cascaskias (Kaskaskia) as
early as 1712, So well was this early work done that cattle
were being returned to Detroit by 1748, where they were known
as the Illinois breed?’. In 1720, Illinois led in the cattle census
of the colony of Louisiana22. In 1732, the Jesuits alone at Kas-
kaskia possessed 15 cows?8, Cattle became more numerous here

19 Their location was made on the Mississippi shore, about midway of the prairie, some
distance above the site of what had formerly been an Indian village. Here a slough which they
had designated the ‘“Marias de St. Feriole”, runs up from the river, and being generally filled with
water, separates the principal prairies, a strip of lower ground, nearly a half a mile wide, and
something more than a mile in length. Upon this tract, fronting the Mississippi and upon the
border of the slough, these settlers erected their houses in groups, designated collectively as the
village of “Prairie des Chiens”, and that upon the mainland being designated by the name of St.
Feriole”. History of Crawford County, p. 281.

" History of Crawford County, p. 281.

8 Reynolds states that the present site, about one mile above the old village, was built in
1783 under the English authority.

* Cattle may have been introduced at Cahokia (the Tamarois village) earlier than this.
““Gabrie] Marest came to Canada in 1694; four years later he began working among the Kaskaskias
of Illinois with whom he spent the rest of his life—dying in that mission on September 15, 1714. He
accompanied those savages when they removed from Peoria to Kaskaskia (in the summer of 1700)
teaching them to cultivate the soil and raise domestic animals”. W.H.C. Vol. 16, p. 179; from
Jesuit Relations.

# Jesuit Relations, Vol. 70, p. 31, 35.

2 Reynolds, p. 33-34.

8 Morris, p. 7.

.
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than in any other area in the French Northwest?. An early de-
scription of these cattle comes from Charlevoix, who visited the
colony in 1721, and wrote: “the inhabitants of Kaskaskia have
black cattle and poultry and are doing well.” It was also said
that these cattle were from Canada, a horned and hardy race,
not large but neat of form.

The population of Prairie du Chien, from the census, is given
at 65, in August 1800. In 1807, in the village of Prairie du
Chien and vicinity there were 37 houses. A few cattle were also
reported on the west side of the Mississippi at Giard’s river at
this latter date.

In following the progress in stock raising at Prairie du Chien
it is found that as with Green Bay, great losses were suffered
with the cattle during the war period of 1814-16. Notices re-
garding the cattle were infrequent near this date, however, and
start with a brief reference which shows cattle to have been
present in the settlement in 1812. Another reference mentions
the order of one Nicolas Boilvin directing a man to drive up his
cattle as he wished to kill a heifer that day and have some fresh
meat. In 1814 as the fighting started it is recorded: “Many of
them (Puants) in place of meeting the enemy immediately on
their arrival ran off to the farms, killed the inhabitants’ cattle
and pillaged their houses even to the covering off their beds, and
leaving many without a second shirt to put on their backs.”
Grignon also recollects that McKay had much difficulty in man-
aging his Sioux and Winnebago allies, particularly the latter,
and that they had in thé most wanton manner shot down a num-
ber of horses and cattle belonging to the citizens. A few months
later it was written that there were not 10 head of cattle left in
the whole place where it could formerly boast of near 400. An-
other item states that several who two years before had upwards
of 30 head of cattle have not now one left.

Cattle continued in the settlement, however, and Stephen H.
Long describes the farming in 1817 as follows: “About one mile
back of the village is the Grand Farm which is an extensive en-
closure cultivated by the inhabitants in common. It is about six
miles in length, and from a quarter to a half mile in width, sur-
rounded by a fence on one side and the river bluffs on the other
and thus secured from the depredations from the Cattle and

 Schlarman, p. 160.
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Horses that were at large upon the prairies.” In 1822 it could
again be said that Prairie du Chien possessed cattle in consider-
able numbers. As will be shown later, replenishments, at least
after the war period, may have involved some cattle from the
now westward expanded cattle of English importation.

Cattle at Superior and in the North.

In 1807 cattle were reported at a third point in Wisconsin.
These were in northwestern Wisconsin at the Fond du Lac Post,
three miles down the St. Louis river, a location now within the
present city of Superior, Wisconsin. The notice is from George
Henry Monk, Jr.25, which is in part as follows: “Three miles up
the river St. Louis on the south side, the N. West Company has
an establishment, of which the situation is low but commands a
beautiful and romantic view of Lake Superior, of the river and
the small lake.

“In the proximity the face of the country is either lakes or
rivers of low fenny, or sandy, or high and craggy; few or no
spots for civilization. Some of the lakes grow a scanty harvest
of wild rice. . .. Here are two horses, a cow, a bull, and a few
pigs; with manure of these animals a garden of three acres of
pure sand is cultivated, which produces about 200 bushels of
potatoes.”

Many of the Posts in this section were without cattle at this
early date. The Northwest Company possessed a fort and gar-
den on the south side of Leach lake and had introduced horses
and pigs?. Horses, cats and hens were present on the west end
of Leach lake?”. In 1820, twenty-one miles up the Fond du Lac
river (St. Louis river) the N. W. company had transported to
their establishment, with great difficulty, three horses, three
cows, one yolk of oxen, and four bulls. Doty?® reports that it
was a great treat to obtain milk at this distance in the wilder-
ness. By 1832 Sandy Lake could report thirty head of cattle,
three or four horses and fifteen swine. In 1838, fifteen cows
were at the upper Winnepeg post.

3 Written to Roderick Mackenzie, a partner of the Northwest Company, who contemplated
writing 2 history of the company; by George Henry Monk, Jr., Leach Lake, 18 April, 1807. He

speaks of it as “Some Account of the Department of Fond du Lac, or Mississippi.”” Minnesota
History Bulletin, Vol. §, p. 28.

*M. H. B, Vol. 5, p. 36.
7M. H. B, Vol. 5, p. 38.
#W. H. C. Vol. 13, Papers of James Doty.
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settlement. Possibility of permanent cattle at this place starts
with Michel Cadotte who took up residence at La Pointe on the
southwest corner of Madeline Island at this time. Cadotte lived
here at his ease for over a quarter of a century; cultivating a
“comfortable little farm”; and commanding a fluctuating but
often far-reaching fur trade, first as agent of the Northwest
company and later for Astor’'s American Fur Company.

Chequamegon Bay (La Pointe) was another northern Wis-
consin post that had cattle at an early date. Although traders
had frequented this place since Radisson and Groseilliers had
traded at Chequamegon Bay, 1654-1661, and this had been the
site of the Jesuit mission of Allouez, 1665, and of Marquette,
1669, it is only since about 1800 that there has been a continuous

FIG. 2. Routes of French Cattle to Wisconsin.

The extension of cattle into the French Northwest was probably along
the waterways, the common routes of travel of the time. This map shows
some of the leading routes between points at which cattle are known to
have been present, together with the first positive dates; Quebec 1620,
Detroit 1707, Kaskaskia 1712, Sault Ste. Marie and Mackinac 1751, Green
Bay 1778, Superior 1807, and Prairie du Chien 1793.
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The first definite reference to cattle is in 1820, at the time:
Cass, Schoolcraft and Doty visited the establishment. Besides
a stockaded house and several out-buildings, they report some
land in cultivation and also “several cows and horses, which
have been transported with great labour.” "~ Doty reports the
bringing of a horse from the Saiilte in a bateau. (Fig.2) Live-
stock were again reported at La Pointe on Madeline Island in
1835, at the time of the changing of the headquarters of the
American Fur Company from Mackinac to that place.

Grand Portage, on the north shore of Lake Superior, and
Mackinac, both having had cattle before 1800, may well have
been sources for these extensions. The first cattle taken up the
Mississippi river into this section were from Prairie du Chien,
near 1820%»°, Near the Red River of the North, the few animals
brought over from Europe by the Scotch colonists had been de-
stlfoyed; Following the transfer of several pairs of oxen and
cows, a drove variously estimated from 200 to 400 were taken to
the colony. Upon abandoning the colony, 1825-26, a number of
these cattle were returned to Prairie du Chien. ~ The cows sold
at £4 to £10 each.

DESCENDANTS OF THE CATTLE OF THE AMERICAN COLONIES
- IN WISCONSIN

American Background.

The progressively westward-moving cow country of North
America provided the cattle for the second introduction into
Wisconsin. These were descendants of the cattle of the colonists
at Jamestown, and those of the subsequent New England, Cen-
tral and Southern colonies of the Atlantic coast. The first cattle
to reach the American colonies were brought by Sir Richard
Grenville to Virginia in 1585, in an expedition sent out by Sir
Walter Raleigh, but the colony perished, and the cattle were
probably slaughtered by the settlers®. After several attempts
that proved abortive, cattle were permanently established, at
Jamestown, in 1610.

2 Minnesota History Collections, Vol. 3, p. 220. Also see Missouri Historical Collections,
Vol. 3, p. 103, and Wisconsin Historical Collections, Vol. 18, p. 112, and Sec’y Treasury Report,
Executive Documents, 1862, Contrast with Wisconsin Historical Collections, Vol. 20, p. 155,

® Morse, p. 227.
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From the records it is evident that the cattle introduced at
Jamestown were from the English breeds, with some mixture of
Irish and Flemish cattle. In New York the cattle were largely
of Dutch origin. The cattle in Pennsylvania were brought over
by the Dutch and Swedish settlers. At Plymouth, the cattle
were brought from Holland and England. The ships which ar-
rived at Boston contained mostly English breeds, the Devon pre-
dominating. Into New Hampshire, Captain Mason introduced a
large yellow breed from Denmark3. A mixture of all of these
types, without selection or improvement eventually came to be
known as the Native breed, or Native cattle. A description of
these after 1800, when they had moved west of the Alleghenies
is as follows: “They are a mixture of every breed, and the intel-
ligent and observing breeder sees in them traces of almost all the
English varieties, such perhaps as they were before science and
attention had improved them, such as might offer to the Ameri-
can breeder the original materials of the most improved and
valued stock, but requiring more time and perhaps more talent,
skill and attention than the American farmer would be willing
to bestow on the subject and yet necessary to enable him to ar-
rive at the same results”32,

After 1800 the cow country had reached the region west of
the Alleghenies. The cattle of this New West may for conven-
ience of discussion be separated into three sectors with definite
physical boundaries; the northwest, central west, and south-
west. Of these, the southwest, south of the Tennessee water-
shed, became of no importance to Wisconsin. It concerns the
cattle taken to the west by the slave-holding planters. Next is
the central west, which included Kentucky and Tennessee, re-
gions which sent many cattle into Ohio, Indiana and Illinois.
Finally, the Northwest, between the Great Lakes and the Ohio
river, including as it does the cattle of Ohio, Indiana, Illinois,
and Michigan, is of direct interest for Wisconsin.

Following French occupation in the Northwest Territory, the
pioneer settlers from the American colonies brought cattle with
them from nearby states: Pennsylvania, Virginia, and later,
New York. The increase of these in Ohio made this the most
important cattle raising country of the United States between

% Bidwell, and Thompson both review these cattle, giving original sources.
B Bidwell, p. 224.
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1815-1830. Indiana never became as important as Ohio, or Illi-
nois, in cattle raising. The cattle history of Illinois is much a
repetition of that of Ohio. The prairies were used for grazing
rather than for farming until relatively late. The southern part
of Illinois was settled first by Ohio river emigration®3, in a re-
gion in which the French had already extensively raised cattle3+.
Up to 1840 the chief movements of cattle from the early center
around Kaskaskia were to the valley of the Illinois, to the prai-
ries in the central part of the state, and to the north in the Fever
River lead region, in the vicinity of Galena. This latter movement
extended the cattle of the American colonies, now mixed with
the French cattle, to the very edge of Wisconsin. Their start
within Wisconsin was about the time of the Blackhawk war,
1832,

Cattle in Southwest Wisconsin.

The development of an early cattle population throughout
Wisconsin closely parallels the early settlement of the state. Up
to the end of the first quarter of the nineteenth century, the set-
tlers were nearly all French-Canadian, or half-breed, and lived
principally at Prairie du Chien or at Green Bay. The cattle
of these settlements have been discussed. In 1825, the lead
mines in the southwest corner of what is now the state of Wis-
consin began to attract attention. Miners coming in induced
hostilities with the Winnebagoes, who claimed the country con-
taining the mines. United States troops readily quelled the dis-
turbance and a ceding of this area by those Indians to the Gen-
eral Government soon followed. Up to 1831 the inhabitants
were compelled to pursue the uncertain and precarious fortune
of mining as a means of livelihood, the cultivation of the soil be-
ing expressly prohibited by the laws and regulations governing
the mines. In 1832 the prohibition ceased to be enforced and

82 The following is a -graphic sketch of a family floating down the Ohio on a raft: “To-day
we have passed two large rafts lashed together, by which simple conveyance several families from
New England were transporting themselves and their property to the land of promise in the
western woods. Each raft was 80 or 90 feet long, with a small house erected on it, and on each
was a stack of hay, round which several horses and cows were feeding.”” Belmont Guzette, Vol. 1,
Nov. 2, 1836.

% Gould travelled in the west in 1849 and commented on the cattle of Illinois as follows:
“The quality of the cows is of very little concern. I have seen, however, some of the finest
cattle in Illinois that I have ever seen in my life, but in general a more ill-looking, black, ring-
streaked and speckled race have never been known since the days of the patriarch Jacob.”
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the country began to hold out more inducements to general im-
migration.

A traveler in the lead region of Wisconsin, in 1832, just fol-
lowing the defeat of Black Hawk and the removal of Indian trou-
bles, spoke of the farming thus: “Occasionally a farm might be
seen running out from an island of timber, and supplied with
comfortable buildings but most of the improvements were of a
temporary nature, consisting of a lead furnace and cabins adja-
cent.”

An instance of early settling in the lead region was that of
the Parkeson families3>. These farming families, of English
descent, were originally Virginians, moving to Tennessee soon
after the Revolutionary war. About 1810 the families moved to
southern Illinois. In 1827 the Col. D. M. Parkeson family re-
moved to Wisconsin where Col. Parkeson engaged in the mining
business at New Diggings, La Fayette county. In speaking of
this region he says the newcomers were so intent on making
money by mining that they could not take time to erect for them-
selves and families even a comfortable dwelling place; instead
of houses they usually lived in dens or caves, a large hole or
excavation being made in the side of the hill or bluff, the top
being covered over with poles, grass and sods. In 1833, after the
removal of the farming prohibition, the Parkeson family re-
moved to a farm near Mineral Point. This family induced the
J. B. Parkeson family to move to Wisconsin from Illinois, in
1836, the family bringing horses, oxen and cows.

Other accounts show that droving of cattle from southern
Illinois was being practiced. Droves of cattle were taken up
along the Mississippi as far as Fort Snelling. The Post at Prai-
rie du Chien being close to the cattle area advertised for pro-
posals for fresh beef (slaughtered weekly, or semi-weekly, as
desired) in the Galena newspaper3s. The need was estimated at
40,000 pounds per year. The town of Prairie du Chien, which
contained about 100 houses by 1840, secured much of its sup-
plies from some 40 farms on Blake’s prairie, south of the Wis-
consin river. :

On the north side of the Wisconsin river a settlement was
started at Prairie du Sac, or Sauk Prairie, in 1838. The letters

3 W.H.C. Vol. 2, p. 332, Vol. 4, p. %4.
38 Northwestern Gazette and Galena Advertiser, Vol. 1, No. 4.
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of Jakob and Ulrich Buhler®?, furnish an interesting account of
the bringing of cattle to this region in 1842. This Swiss family
with their nine children moved, via Galena, to the town of Honey
Creek, Sauk county, and took up a homestead there. The trip
was made with a large company of Swiss people who made up a
caravan party. The party was led by a French guide who fur-
nished ox carts for the hauling of baggage, small children and
the sick. A number of cattle were driven along and supplied
fresh meat. Within the next few years but few cattle were
raised as there was at that time no market other than for per-
sonal or local use, without long overland driving.

The situation for southwest Wisconsin has been summarized
by Brunson in writing for the Wisconsin State Agricultural So-
ciety in 1851. He states: “The cattle of this section originally
came from Illinois and Missouri and were not of the first quality.
Some few of a good quality were obtained by the droves brought
up but generally of ordinary character.”

Descriptions of cattle in the lead region of Wisconsin have
been secured from the advertising of lost and strayed animals in
the Mineral Point Free Press, and the Wisconsin Whig, Platte-
ville, 1842-1843. These show the animals to have had little uni-
formity. Brindle and white-spotted catt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>