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INTRODUCTION

An awalkened public interest in the restoration of waterfow! calls
for dependable information on which to base programs for the Im-
provement of breeding and feeding grounds (pl. 1) of the birds by
the production of food and cover. Yo minimize waste of funds and
loss of effort through the introduetion of unsuitable propagative
magterial it is essential that the important plant and animal foods
be kmown and that consideration be given to their normal distribu-
tion and to environmental and cother limiting factors.

Over a period of many years the Bureau of Biological Survey has
investigated the food habits of game ducks and Tas studied the
propagstion of the plants on which they feed. The results, dealing
on the one hand with special groups of plants suitable for propaga-
tion and on the other with the food habits of particular groups of
waterfowl, have been published in several reports (39, 41, 42, 45, 44,
45, 48, 63, 87) * most of which are no longer available for distribution.
In this bulletin the writers have attempted to consolidate the avail-
able information on waterfow] foods, including much recently gath-
ered in field investigations.®* The material is presented in three ma-
jor divisions, with g view to rendering three distinet services in the
field of waterfowl research and management: The fivst part presents
a statistical index to the preferred duck foods in the various regions
of the United States and Canada, based on analyses of nearly 8,000
stomachs or gullets of 18 species of game ducks. The second part
is designed to facilitate recognition of some 200 of the principal
food items by means of a series of outline descriptions, illustrations,
and distribution maps. The third part contains practical sugges-
tions on the propagation of waterfowl foods and the development of
feeding %rounds and discusses principles related to the embryonic
science of producing duck foods.

2 Italie numbers in parentheses refer to Literature Cited, 1. 143,

®Grateful ackpowledgment is made of the help of numerous cooperators, particulariy
W. C. Muanscher, of Cornell iUnivecsity, for data on seed germination; R, ‘T. Clauasen, of
Corpell Unlversity, for informulion on flhe ti¥onomy and range of the Eenus Najag:
M. I. Ferneld, of Horvard University, for assistance from mumnerous pablished studies
on plant distribution ; and I. R. Swallen, of the Burean of Plant Industey, U, 3. Depart-
menc of Apriculture, for advice on grosses; nnd the following cowerkers im the Section
of Food Habits, Bureau of Biological Survey: Neil Hotchkiss, for many hotanical deter-
minntions and for obtaining mueh illusirative waterial; A. L. NeisoB, for illustrative
specimens: W. 8. Bouin, for contributious on matters of physiology and propagntion ; and
Alma Rutledge, for aid in the elubovation of stavistien] data. Varlous rogionnl apd lecat
Boros, plant catalegs and lists, mouographs om certaln groups, and threc herbariz haove
been consulted in determining nomenclature and raDge.
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PART 1—REGIONAL DATA ON DUCK FOODS
THF, REGIONAL-LOCALITY BASIS OF FOOD EVALUATION

In attempting to make either a continental or & Nation-wide evalu-
ation of duck-food resources it is essential to begin with regional
snbdivisions, in order to allow a correct appraisal of food plants that
are of restricted distribution. Some of the most valuable of these
have wide ranges, but many others are limited to circumscribed
habitats. Thus wildrice and wildcelery and many other plants use-
ful as duck foods, but less generally recognized as such, including
sawgrass, jointed spikerush, alkali bulrush, waterhemp, and baldey-
press, have little or no importance to waterfowl outside definite
regions.

To give proper recognilion to food elements of limited distribu-
tion, that is, to aveid either underrating or overrating them, the pres-
ent treatment has delimited eight major regions of food resources
for game ducks, of which six are more or less natural units in the
United States and two are arbitrarily made for Canada. These are
mapped in figure 1. The regions are designated as follows: 1, At-

HUMBLR CF 5TOMACHE
FROM CACH LOCALITY

B v OR MORE
* o TO 9
GULF COAST A 3 TO 3
+ 3 0m 4
o t oA 2

Figung I.—Duck-foud regions and the epllooling Incglities 1isted in table 3. In the Tnlfed
States the aix re;l;ions are withio distinetive natural bonndaries, based vpon essential
homogeneity of thulr duck-food plants; in Capada the tlmits of the two regiops are
arbitrarily made beenuse of the meager dete at hand; in &1l czzes larpe rezions heve
been chosen to avoid objectipnable complexity,

3
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lantic coast; 2 eastern; 3, lower Mississippi; 4, Gulf coast; 5, western;
8, Pacific coast; 7, eastern Canadian; 8, western. Canadian,

In addition to these eight major food provinces, it has seemed de-
sirable to employ many (247) secondary units, or “localities,” in the
effort to prevent statistical distortions arising from disproportionate
emphasis on local collections of duck stomachs. In the Biological
Survey’s extensive files of stomach-analysis cards it happens that
some duck-concentration localities are represented by one or only a
few records, whereas others, favored by special cooperation or by
some local investigation, such as an inquiry into oyster damage by
scanps, may have their stomach-material tofals running into the
hundreds. To lump together indiscriminately such inequable ac-
cumulations would not yield a reliable index of regional food habits:
the total would be excessively flavored by data from a few sources
and might be much more represeuntative of those few sources than
of the region as a whole. Hence, the expedient has been employed
of treating each locality as an entity, to be summarized individually
and then to be combined with other summaries or with averages of
numerous other localitles within the region. Furthermore, rather
than reduce all localitics to single-weight level, it hags been deemed
advisable to grade or rank them in five categories, thereby giving
araduated preference to places that are more adequately represented
by stomach records and tending to level off extremes of inequality.

The basis of evaluation is to rate localities having 20 or more
stomach analyses at 100 percent; those with 10 to 19, at 80 percent;
5 to 9, at 60 percent; 3 or 4, at 40 percent; and those represented by
only 1 or 2 stomacks, at 20 percent. In effect the plan svorks thus:
A station with 42 records (in the 100-percent group) retains its data
unaltered ; one with 14 records {in the 80-percent group) has its per-
centage reduced by one-fifth; and a locality with 2 records is allowed
only 20 percent of the value of its original figures. A composite
summary of these three or of many other stations is obtained by first
moditying their individual averages as indicated.

It appeared appropriate to scale down the relative weight of
meagerly represented localities for the reason that analysis of a
single stomach, or even of several, cannot be relied upen to give a
complete or fully typical idea of locul food consumption. Even an
incomplete diet picture of a particular marsh or lake area, however,
may have considerable value, when combined with numercus other
local increments of data, in helping to produce a balanced regional
representation of food nse. This is particularly true when, as fre-
guently happens, the slighted locality is as important a feeding place
for ducks zs some others from which large numbers of records have
heen obtained. These considerations have induced moderation in
sceling down scantily represented areas.

The minimum number of stomach records regarded as adequate
for depiction of conditions in the average locality was set ab 20,
though it is realized that for a complete local appraisal—particu-
larly on an extensive area with varied food resources—much more
material might be required.

Probably no method of compiling stomach-analysis data in local,
regional, or continental snmmaries conld ke entirely immune from
the danger of distortion or misvepresentation, but it is believed that
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with the present material the locality basis here adopted serves bet-
ter than any other to minimize such tendencies,

The locality units employed vary in size and character frem a
single small luke to a bay or a county. Often several collection sta-
tions have been combined inte one unit because of proximity and
essential similarity of conditions. Generally entries such as Wash-
ington, D. C., or Turpin, Okla., indicate rather indefinite areas in
the vicinity of the places named. A complete list of the localities
follows, and their positions are mapped in figure I,

List of collecting loralitiey (mapped in fig. 1) and e number of duck stomachs
nhtained ot eoch

Aflantie Coust Region Abantic Coast Region—~Continued
Connecticut : Virginia :
Great Island ... . : [
Kengington . ._.__ .. .. . Cape Heury_.__. : . 17
Portland__. ... __ . Chesapeake Bay___.. . . 2
Stratford.o ... L. . ; Onaneock 3
Disirict of Columbia : Washington . Prinee William Couuty 4
Magpine : Smith Tslando_____ | 3]
Kennebee River.. .. _. . Valiops Isiand 5
Pine Point_._____. N
Weathrook o . vastern Region
Maryland : INinois;
Betterton_____._..
Ceeil County__... . - ¥ e e
Cedar Peint_______ ___ . . Centrallu_._ __ . _ _.________'
Dorchester {nounky.. . . __ ... ¢ Chieago
Harford Counly.___. .. ___, ¢ Talton County__
Holinnd Isiand.__ . __ _ _ _ i Galesborg _____ ..o __________
Prince Georges County___ .. . sy Lake_ . |
Massachusetts: Lowbard ..
Cape Cod Bay_...._. . . Norpual
Marvtha's Vineyard St Josele oL ____
Middlehovo _..____. | . 21 Tazewell Coungy.
Nanbtueker Tskand-o.__
Novfolk County.... ...
Plum Tsland_ . __ ...
Wakefield..._ ... ..

Hin

0
0wy D

Tadiana; Hobarto__ __. .
Town:
Beone County______ ___ . ______
.. Clay County______. .
Wenham Lake._____. o Crystal lalke. .. | _
New Hampsghire: Portsmenth_____ Humbaldd (‘ounty
New Jersey: Jewell__________ .
Delawnre Rivero.. .__. Muazrshailtown___ .
Mudisou_. ... _.._ __ Onawn . _____. _.__
Ovean Countyaea. ... . .. _. Palo Alte County___.
New York: Stary County__._____
Great Sonth Bay.. .. Krasas:
Rovkaway oo __. Leavenworth.__ ______ __
Ruffolk County. i
North Carolina:
Agrora . _____.__ ___ .. . Michigan ..
Cope Hatteras__..___ ... ... Charity Island
Currituck Sound_. .. . 362 Grand Traverse County
Narrows Island.__. . o .. Monroe
Ocrocoke Fsland__._
Peg  Island
Rhode Islend: Eust Greenwich_._ Portage Luke
South Carolina: Rush Lake
Georgetown Washtenaw County
Gough______.___ .. . __.______ Minnesotg :
Green Pond Albert Lea
Santee Club Madison Lake.__ ...
Minneapotis
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Eastern Region—Continued

Minoesota—Continued.

Ottertnil County___ . ___.._

St Pauwl Pavk______ .. oo

Weodville .
Missouri:

Hartwell )

Neosho oo
MNew York:

Catslkill )

GenNeVa L e e e

Sedus BOY_ oo el
North Carolinn : Asheville__ . _ ...
(hio;

Colnmbus_ ... ... .

Port Clinton
Pennsylvania; Ivie_ ...
Tennessee : Unicol County___ - .
Vermont: Shoreham Township... .
Wisconsin ¢

(Gireen Lake County.__ ..
Koshkonong .
Milton________. _.__ . .
Milwankee oo e s
Oshkosh . o am e

Lower Mississippi Region

Arknnzsas:

Big Lake _ . o cmmeeeos

Take Wapanora . .- . ____

Mad Lalke

Stuttgart L . _
Louisiana

Avoyelles Porisho . Lo ... ..o

Catabouln Take ... ... . ._
Missouri:

Liftle River. - -

St Francis River_ .- _._ ...
Tennessee : Reelfoot Take

Gulf Coast Region
Alabama :
Bgyou la Batre
Aobile Bay
Nigzer Lake
Orange Beach
Petit Bois Istand
RFiorida :

Amelia Island
Rassenger
Chassahowitzka River
Ezu Gallie B
Evergiades
Hntehineha Riverao.. ... .
Take Plivct . ...
Leon County.
Micanopy-
Mizeosules Loke
Pensacolt o _ o
St. Johns River
St.Marksoo o .-
St, Vincent Islapd

Gulf Const Region—Continued

Florida—Continued.
Pitusville__
Volusia County e o

Georgin 1 Okefenokee Swamp

Lowigiana
Avery Island
Ielie Isle

Cameron

Chet Mentewr oo e
Fiorence
Grand Chenier
Gueydan
Gum Cove
AMississinni
Privmph
Texns:

High Island

Take SurpwiSe o - e
Matagorda County

Rockpert

Western Region
Arizoni:
Flapstaff
Take Picacho
Marsh {Big) Lake
Santn Rita Range_ oo ——
Culifornia: Salton Sen
Colorado:
Barr Lake
Crook
Denver
La Junts
Mnsters
Iansos:
Blue Rapids
Onaga
Montana :
Corvallis
Flathead Lake
Lake Bowdein -
Monida
Tartle Lnke___ . ___
Nebraska
Allianee
Badger
Gavden County.
New DMexieo:
Riance
Koehler Junction
Lake Burford
North Dakota -
Crystal Springs_ . .-~
Thwson
Devils Lake
Grinnell
Kenmure
Lostwood
Nanoleon
Rush Lake
Stump Lake
Towner —
Okinhoma: Turpin

wOregon ; Crook County— oo

—

(=)
b =R N Y
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Western Reglon—Continued

South Dakota :
Aberdeen

Clay County.
Hankinson

Wyoming:
Beulah
Bridger Pass
Sheridan

Pacific Const Repion

California:
Carlshad
Chico
Liseondido (R |
Gridley_____.. _...__...._____. 9
Haywovd__ . ___________ ___ 13
Lake Tahoe 13
Los Banos
Norman ——_____. _._.
I'asadena,

Oregon ;
Deer Islaml
Guston

Nisqually Tlats 14
QMympia_____ . ____ 305

Eastern Canadian Region

Point Pelee

Port Rowan

Windsor..
Prince Edward Island : Wolf Inlet.
Quebec:

Gaspe Peninsula

Hull

James Bay

Nastapola River

Western Canadian Region

Alherta :
Athabaska Delta .. ___ ________
Tasper Park
Lac La Nonnoe
Red Deer Loke_ .. ___ . _.____
British Columbin:
Barkley Sound 3
Okanngan Tanding_ ___________ 248
135-Mite House
RBaturnia Island
Mackenzie: Fort Simpson

Lild]

1
13
3

' Manitoba @

Carberry o ________ .. _..

Chnrehill

Lake

Oalk

Shonl Takeo_ .. ..
Raskaichewstn ;

Cypress Takeoo

Willapa Boyooeeee . _.__ 170
SOURCES AND SELECTION OF DATA

The statistical compilations of this report are founded on stomach-
analysis records that have been in process of accumulation in the

Biological Survey’s files since 1901. They represent the efforts of
many collectors of the Bureau in the field and of numerous laboratory
analysts in the Food Habits Research Section. A large proportion
of the pioneer work in duck-stomach analysis was done by McAtee;
more recent analyses have been made by Mabbott, Kubichek, Holt,
Cottam. Kalmbach, Sperry, and Uhler.

The data in this bulletin are based on the analyses of stomachs of
7,998 ducks of 18 species, as shown in table 1. Specimens were ¢ol-
lected from many widely scattered localities and represent, all months
of the year, but the mrjority were obtained in fall, winter, and early
spring. In general, the ratio of ducks collected in various arveas has
conformed fairly well to the normal abundance of the species, and
the effect of local exceptions in this regard has been minimized and
largely absorbed by the locality method of rating the material,

Records of stomachs less than a quarter filled were excluded, as
were those containing unidentifiable material in excess of a third
of the total content. No food items were tabulated if they appeared
as less than 1 percent on the stomach cards. Gullet contents alone
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were used in a few cases where stomach material was unavailable
or unsuitable. Barrow’s goldeneye {Glaucioneita islandics) and the
European wigeon (Mareca penelope) were omitted because of their
comparative rarity, as was the wood duck (Aéz sponsa), because ils
food differs so materiaily from that of the others. Volumetric per-
centage is regarded as the most significant index of food value, but
figures on frequency of use as well as on the number of loculities
concerned are also presented in the tables.

TanLe 1.-—List of I8 species of ducky studied and the total number of stomachs
of each analyred {analysis by regiong shown in tables 3 fo 10}

P Stomachs
Common name Sctentific nome analyzed

Shonl-water ducks: Number
Common mallard...._ ... .. oo b Anes platyrhprchos platyrhynchos ..
Coemmon black duek_ Co| Amasrubripesdristis. . _. ...
Florids duclk. . - .| Anas fulrigule fulvigula.
Mottled duck_ .| Anas fulviguio macolosa_ . Lo
Oadwell . o) Chauleleatmuy slreperus .. L.
Baldpale {wigeon)_ ____ ___. ... .. MMarcea gmericant_ ... .
Amerlcan pinkait ipt 1), c..) Defileaenlat2iizihon_ ... . . ... . L....
Green-winged tend -___. ... . _._._..] Nelioncarolinerse_ __ ... __... .
Blue-winged teal ... ......... ... Querquediflediseors_.___... ... . . .. ..
Cinpameonteal _____. ... . _. __.._ __.. Quergueduln cyanaplera.. .. ... ...
. | Spatnla ctypeate . . ... .__

cdhead e eaioeo._._} Nyrova amerieana_ . ___. .
Ring-necked duck... ce e vaeees| Muraca collariz.. . ooen L
Canvasback rmceem e Y Nyroca salisineria_
Grealer scaup duck. . meemremennnnae | Noroca trerile
Lesser suaup duck_. .- | Nurseg affimis_ - e
American poldensye. Glaucioneita clangule americana, .. ..,
Ruddyduek_ _____........ _.. .. . | Friswmatura igmaicengis robida_ .. .

Undetermined S0e0les. ... L L i iiiaiemar sacrmeiccnneea e

T S

Because plants as sources of game-duck food are in general con-
siderably more important than animals, and also are more amenable
to propagation, they have been treated in greater detail in this bulle-
tin. Ifor vegetable foods, the genus or, in many cases, the species has
been adoptea as the basis for computing percenlages; for animals,
classes have been used.

SUMMARY OF DATA FOR THE UNITED STATES AND CANADA

In table 2 the figures and ranking are derived from the assembled
percentages (adjusted as indicated in the previous section, p. 7)
of 247 localities in the United States and Canuada; they do not rep-
resent an averaging of the data of the eight regions. In considering
the relative ranking of plant- and animal-food items it is essential
that allowance be made for the fact that plant data are based chiefly
on the genus, wherens animal foods are listed under more compre-
hensive classes. Finality is not implied in the percentages and rank-
ings of the items in the continental list or in the regional lists that
follow it. Before the exuct extent of use of certain foods is com-
pletely determined there will need to be additional analyses of stom-
achs from regions and localities that have been inadequately rep-
resented. Also it will be desirable to have more extensive, careful
field observations to supplement present conclusions, which zare
founded primarily on laboratory analyses.

Tables 8 to 10 present the rankings and percentages of food use In
the eight regions, beginning with the Atlantic coast and proceeding
westward in the order in which they are numbered on pages 84,
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'TaBLy 2.—Fooils of game ducks in the United States and Gonada listed in the
order of their pereontages of the totel food as indicated by analysce of 7,098
ducks of 18 species collected in 247 localities

B Volumetrico gercentago
Scientific nayme L Common nama {plantilemsabove .32 per-
cent shown graphionliy)

TLANT MATERIAL
Potamogeton. .
Seirpus .
Polygonium___. [ f Smartweed_______ . _.
Ruppig, chiolly R, maritima_ I .| Wipseperass_ . ... .
Chera, 2t al S| Muskgenss_ ... 8
Eehinochlon, chielly B, crusgafti_ . . | Wild miltet, ...,
Vati i 2piratis e
Najas
Zizenia qguatict __________ ... .
Cyperus, chiolly C, esculentus.__ .. .
Drasenie schreberio____
Oryza safiva 1, _
Eleacheria. . ______.__
Lemna, Spirodele, Walffia,
Zeq mays
Liva, Spireyyra, et ol
Castetia
Ceratophylinm
Zosera maring
Supiftaria

[

hkabak il

1 L ;o)-ﬂ‘fd\:-‘;ﬁ:.-. . -II . .‘“:‘I. p - AT e e B T [0 B e ST D B Gat e BT
BB g NSRS RS L R ERE SN

bt s et 5 13 B

g

s
-_.~..;.-llnu|||.|||i||||lliiilli|

Sedge
Spwprass__

Sorghum valgare 3__
Fordenwm velgareg
Panicum o
Letryia, chiely L. orgzoides_. .. . o
senida, chlofiy 1. cannainae R Whaterheinp.
Rynckoapora__ . ....._. IR o Beakrush, ..
Myriophpttuam T Whtermiliodl .
. .. Pigeongrass. .
Cephalanthes cecidentatia, . . . Buttonbusho..
QUETEHI. .. _oiecinnn.. - .
Sabiearnia...____ ... .. R Crlasswort___
Fagopyrim esewlentumi. .. . | Buelkwheat_ .
Triginchin marifima. ... ., coeceoo | Arrowgrass.
Diistiehfia_ L ... . e .| Sniterass..
Amgramthus . ... ... . .. | Pigweed _____.._
Myriea__._ ... .. . Wanmnyrtle . . .
Bidens__.. RN oo Beggnrtick_ . .
Paspalum_ [ mmmemmmmm—— .
Pontederia_ - . . . Pickearolweed ... ..
Hordenm pus I e e Littla barley__ ...
ilycerin T P Mannagress._. ...
Taradinum P e Daldeypress... ..... .
Jussioen. Ce e - .. . Waterprimrose. . . ..

- Spatterdock.._. .._. ...
Dock oo .

b
=

Triticum gestium 2, . oo o
Sparting s wmeeecae e . Cordgrass_____ ...
Hippuris puigariy P . Murestail ___ o
Panunculuy____ . Butterenpo.. ...
Heliotropitm_ .. Lo Haliotrope _ .

Avend satiog 1. . B .

Damironinm catifornicn
Hydrocotple . . _._. ..
Planera aqueticg..
Prozerpinaca
Limnobinum spongia.
ifeteranthern__
Fpuisetum,

Cleomie serrutate . _

! A generle name without spectes indicates that 2 or more species may he invoived; clags nemes are userd
for animals,
2 Cultivated —total Iarm crops in table, 4.32 percent.
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TasLe 2.—PFoods of game ducks in the United States and Cenade, ete.—Continved

Seisatifle ngme

Commen nama

Volumetric ge reenisge
{plantilemsahove0.33 per-
cend shown graphicaliy)

PLAKT MATERIAL—continned
Eragrastis____.___...
Medicage sativg 7_.
Ambrozie...
Cpumnfia___... ..
Fluminea festncacen_
Chenopodinm. __
Marsifea_ . ___.
Miseellageous, ... . . DTl

ANIMAL S{ATERIAL
Mollusend L L .

Tolnd, oL L.

Loverrass...
Alfalfa_

Ragweed
Dricklypear.
Whltetap.
Coosefanl,
Popperwor

luserts. . .
Crustacent
Figtes.

19, wowo

Zgane

W
=

* Cultivaied—rtotal fapmn vroiks i iable, 4.52 pereend,
? 8unils {Gaslroporda), 1.12 pereen i Myvidves (Pelevypoded, 272,
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FOUD OF GAME DUCKS

TasLE 8.—Foods of game ducks in the Atlantic coast
tegion listed in the order of their percentages of the
lotal food as indicated by analyses of 1,213 stom-
achs (specics Usted ot foot of Test column) from

50 localities

Belentific namo !

Common namg

TLAKT MATERIAL

Polamogeton. ... cooee. .. ____
Vallisneria spiratis_

Ruppia maritina.

Polygonm

Seirpd ...,

Zoslern wmaring._

Zeq maps,

Zizania upaatica__

Aenida cannebing. ...,

Nijaz

Ulva, ot nl

Echinochtoa, chietly FE. crys-
grirdli,

Fieocharfs_ . . __.

Ayprica

Chorn obnl o iimaaee
Dragenic schreberi

Oryza sariva__

Sparpeaium_.

Sagittaric

Pomlederia, cliicfly P. cordata___
Claditem

Paniewmeo_. ...

Cermtnpiip i deme

Fimbrisiyiis

Salticorata.

Casfafia___

Riichospora__......

Zanrichellin polustris

Solantm dufenmera.

Anetlemaap

Cephnlanthius oecidentalis_

Gagfugmeie Sp. ... ..

Afyriophyilmm____

Feitandra virginica _

Miseolloneons. ... uoa oo
Toial. .. .

ANIMAL MATERIAL

Gastropeda. . ... ...
Tolocypomin_
Crusincea,

Inseetn..

Piscas
Mispellaneons. ...

Pondweed .
Wildeelary__
Wigeongriss.
Smartwead
Bulrush_o
Eelgrass__
Ceorn. ..
Wildriee.__
Tidemrrsh

hemnp,
Nadad, oo o

Alrag
Wild millet ...
Spikernsh
Waxmyrtle, bay-
BUITY.
Muskgmstocaan...
Whatershinld_ .
Rice.. ...
Burresd____
Arrowheud,
Duckwend.
Cordernss. .
Pickerelweed.

Bagmartick.
Mlarmak] weed

Qlnsswort..
Watoriily. .
Denkrush

Harned pondwesd
Bitter nightshada.
Dnyllower .
Huitnnbush_.
Hucklsherry _
Watermilfoil.
Arrow-aram. -

Tt e e i

Number
300

122

BRBenSBE

rr—

MNumiber
27
12
3

12

i)
]

- e —
Hehd MDD R R3O L

""C-ﬁ—I‘:I-—‘--Cﬂm#kawﬂﬂacﬁ&uﬂﬂammﬂhlﬁw‘O-I

[

Volumetrie peresatage (piant itewns
nb]?va 0.33 poreant shown graphi-
cally)

G D T 2 0D s B0 =]
[l e X X

bl S S

G M Z3 o] g O WDED W B de

-
Mgsaf.‘;-cb—w—'m-l =Cn =g
ST COIENE AN |II IIIIIIII!

DUCES EXAMINED

132
314
i)

Common malard___,
Cortnon blaek duck .
Gadwall
Daidpate_____
American pinta
Green-winged teal
Blue-winged tecl_.._
Shaveler__.. ...
Redhead.._ . .
Ring-nacked duck. .
Canvasback ...
Grealer seanp duck.
Lesser seaup duck .
American poldlaneye.
Huddy duek_____ ..
Tndetermingd. ... ..

52

Total . _eooo L 214

' A peneric nama standing alsno indieates thet 2 or more species may bo invelved; “sp.”* denotes 1 un-

datermined specles; ¢lass nomes are used far animals.




TECHNICAL BULLETIN 634, U, & DEFL. OF AGRICULTURE

Tasre 4—Feods of gaine ducks in the eastern region
listed in the order of iheir percentages of the lotal
food as indicated by analyses of 1,102 siomachs
(species listed «t foof of last columa) from 58

tocalilies

Eciantifie nune

Common name

Volumetrie percentsge  {plant
items ahove 0.42 perconl shown
graphically)

FLANT MATERIAT

Polamogelon_.._.____..
Polyportn___

Zizaria agualicd.....o-
Beirpits

Najag fexilis
Lewmna, Spiredefa, et al.
Vallisneria spirefis . __

Erhinochion, YR
Fagopprim esenlentam
Spargeaiem__ . ______

Sapittaria____
Brastnin sehreberi
Alzne

Pondweed. ... _._
Smaortwead .
Wildrica_

Bulrush

Northern paiad . .
Duckweed
Wildcelery.

Corn
Cutprass__
MMuskerass
Fipeongrnss.
Wild millet.
Buckwhent.
Duorreed__.
Sedgn.__
Arrowhead.
Watarshield..
Alme,

CanMalia
Cernlophpitum demersum _
idens

Waterlily ___
Conntail..
Begportiok__

Cpperus

) é_ﬂr:vhnrn

Sorphtim pulgare
FPortederia cordata
Hippuris tulgaris,

Pickeralwoeed._
Murestail

Vratermilfoil

Cephralanthus oecidentalis.
Cladinm smoeriscofdes .-
Amaranthus ..

Ruppia mariling__
Birtemug shbelintus.
Eleocharis

Evogrostiz hypnoides.
Amnacharis

Zonnichelfin palosiris,
Nefvmbo penfapetaln
Rumer sp

Miscellaneous...

ARIMAL MATERIAL

Insectn...
CGnstropod:
Cruslaces.
Foleeypoda._
Tisces
Mizecllonevus.___.

Total.........._.. ..

Haorselall
Mudplantain.
Luottonbush.

Pipweed....
Wigeongrass
Flowering-rush.
Bnikerash.
Loveprass_
Waterwerd._
Horned pond wee
Amerienn lolus.
Dovlee... ...
Mermaidweed

Crustaceans.
Bivaives
Fishes_.. .

Number| Niember
625 42

—

Hr RN NN e e

DTS @ oS Em

Tl e ot

Fud ok b (T T O =T = &g —
@cwm““mqqggggusummcmﬁwuﬁ =

oondce
ISl

------|-|||||||I|||||||

DUCHS EXAMINER

Commaen owllard.,
Comman black duck
Gadwall.__.__.____
Baldpate.
Ameriean pintail.
Ureen-winged teal
Blue-winged teal .,
Shovaler_ R
Redheyd -
Hing-necked duek_
Canvasbnck ...
Creater senup duck
Lesser seaup duek.
Amerienn goldeneye
LBnddy duck.____.

e 1, 102

Totzl....

| Seo fonireote 1, luble 3.




FOOD OF GAME DUCKS

TapLe 5.—Foods of geme ducks in the Tower Missis-
sippi region listed in the order of their perconlages
of the total food ns indicated by analyses of 1,228
stomache (specice listed at foot of last column) from

9 localiiies

Secientific nome!

Common namae

Volumetrie percentage {plant
items above 033 percent
shown graphically)

FLAKRT MATERIAL

Cyperus, chiely O escufentus
Ceraiophptinm demersans___
Lemmna, Spiredela, cbad.
Polartogeion

Polugornm.

Oryztt splitt

Echinochioe . _.

Cephalanifius oo

Planera oguttice. _
Limnohivm spony|
Bacopa rotundifolin.

Ranunewfus.._.
Liguidambar sty
4] {

Chara, ek nl

Zannichellin pafusiriz.

Ricein fiuflans

Zizaniopsis miliecen

iy 3 S,
Zen mays_

Algne_ ..

Carpa

Hydrocoly

Brunnichia cirrioss .
Plotonue occidenfafis..... ... ..

Toricedendron radivani.. ._.
Clodivm jamnicenyse.. ..
PaspatuM... —oooooe ..o.o
Bidens SPo oo .
AT
Eleocharis

Crafoegue

Brasenia schreberi ..
Hetotropinn indicum
Feptochion . _

Forestlere meuminalu . . ..., ..

Casfafia sp

Leersia hezamiro__ . .. ...

Proger pinaca sp

Miscollancous_ ..o

ANIMAL MATERIAL

Gastropodan

Inseetn, ... e

Crustacen...

Total.. oo

Chufa (chicfly)
Coontail ._
Tuckweed
Pondwond .

Mannagrass
Baldeynress
Oak

Turread. .. ...
Southers naind -

Roundleaf
hysson.
Waler hottercup....

Glinnt cutprass
Snowbell Z__

Pounywaort. .
Buckwheat-vine._ ..
Syeamore. ... .
Poisoo-ivy.. .
Bnwerass. .

“Heggartick

Colitt, ...
Spikerush.
TawiLhorn
Watershield..
ITelitrope
Sprangletop...
Swamn-privet. ..
Walerlily. . oL
Squlhern culgrass. . .
Wlermabdweed

Nuwber
i

{ifid

Nuwber
4

0 5 I b

f R E0R X
- Dy

T R RIMI R L L o 2

i F B S QNTRN P ALY, A
E-llnBrrosRTREL

Nezky

o
= g3

b
2]

RERREaY
e "'IIIII|||||"||,

L2k

DUCES EXAMINED

Common mallard . 042
Comtion  black 8
duek,
Gndwall ..__....._ 58
Baldpate 4
American pintail_.
Green-winged teal.
Bloe-winged teal.
Shoveler
Hedhead ..
Ring-neeked dugle.
Canvasbaek ... .
Grenter scaunp
duck.
Lesger scaup dook
Ruddy duck

1 8se footnote 1, tahle 3.
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TipLE 6—Foods of game ducks in the Gulf const re-
gion listed in the order of their percenfapes of the
total food az indicated by analyses of 2,701 stomachs
(species listed at foot of last column) from 8%

Incalitios

Sciant!fle namoe!

Common name

Volumetrie porcentage {plant ltems
pc‘tz)l?lvti 0.33 percent shown graph-
icaily’

FLANT MATERIAL

Gryze antitg__,
Ciladium famnicense

SFagittaria, cliolly S. platpphpiia.

Elrocharis

Wigeonprnss
Smartweed__
Tulrush___
Watershield.
\\‘ntcrlili,'. -
Wikd millat_ _
Pondwerd.

R

Sawgtnss.
Armmowheod,

Zizania aquetica

#apicum.
Hydracolyle
Cerafophyilum dertersum_
Zannichellic paluairis___
Myrica
Afyricphyiium_ .
Selaria, .
Distichlis spiceta
Cephalanthus cccidenintis_
Letina, ok a
Cenictla asiafica_ .
Azronopus furcatus

SParting - oo e ...

Ranuneulus
JURCUHS S ...
Pontederia,.
Leersin sp
}"ﬁaﬁg denfbata
ippie sp. ...
Fimbristyiiy
Cabomba caroliniona._

= Wildriee 110
Helistropium, chiefly FI. curas- 1 Wild heliotrope.

Allterpanthera philoreroides.

Liquidembar styracifiua
Sparganium sp,___ ..
Heteranthere dulda. . -

ANTMAL MATERIAL

{astropoda
Insecta. ...
Plsces_. ..
Folecynpodn_
Crusiacea___
Miscelinpeous. ..

b Boarreed 0]
b Whlerstargross..
Miscellapesus...________._ .. ..

Muskgrass____.
Spatterdack

oF Waxmiyrile, ...

- Penn¥wort
Cooatail, . __._____
Horoerl pondweed

Corderass

Buitercup..
Rush
Pickerclweasd,
I Culgrass. .

y Futiwort. 077

S Alligatorweed

CSweetgnm. ., L.

I Smails..___ ... ..

..} Insects,. -

I Fishes.... ..
Bivalves

£a

=L EEC YRR X

-4

e e S O e B

FISIO IStk e ey

e
SEHERSEENY SS8882-8RERs
-..l.lllll IIIIIIIIIIII

2 2 L
=R
-

=3
=1
-

DUGHES EXAMINED

Commaon maliard . _ .
Comtunon bluek durk.
Floridn duck. .,
Mottled duck .

Baldpute.. ... ...,
Amerieun pintajl._ ..
Crreen-winged teal..., .
Tlue-winged teal__. .
Shoveler.._.__ .,
Medhend. ... .. _
Ring-necked duek....
Canvashack,, ...
Greater seanp duek
Lagser scoup dugk., .
Ametican goldencye
Huoddy duck. . ...._ )]

Total. . ....... 2,100

1 See [ootnols 1. tablo 3,




FOOD OF GAME DUCKS

TApLE T.—Foods of pame ducks fn the western region
listed in the order of their percentages of the total
food as indicaied by analyses of 809 slomechs (spe-
cies lsted af fool of last column) from }5 Iocalities

Scientifle namao !

Cominon name

Times
used

Lacal-
Hies

Valumettic percentage (plant itema
nbove 0.33 percent shown graphically)

PLANT MATERIAL

Potamopedon. e oo oL
gcl’rpr{s-...
uppia
Chara, ¢tal. __
FEechinochioa,
crusgalli.
Patvgonwm_ ..
Sarghuw tnigare. .
Zunnjcheitia pralustris.
Carer.
C'erato,uh ;.r!'mm demersnan.
Fordewm pylgere .
HHordewin pusilinm .
Amararehns ... ..
Elevcharis. I
Alpne
Lemna, Spirvidetn, el al
Leersin ory2oides,
Kot THRyE e .

Afyriophyflum. . .
Cletine ferrufuin_ ..
J\.crjru R,

2 fedicagn “snlira. .
Chmn}podm awn_.
Awbrozia....
Cpuniiasp_...._
Phlewwn aipinnm
Avenn sativa. .
Hc.‘ia!rnpium
Sparganiuvm . _
Ridens. ... .....
Prosopis glamlulos.
Afarsifea. . .
flelignthus s
Salicorie nmbrﬁm
Tribicum oestirum .
Aetilotus indica

Juneussp...
Glpceria sy .
DMrdichlis, chlell} T siricte.
Sefirsp
Misvellancous..

Tolleo oo .
ARIMAL MATERIAL
Inseoth. .o oooo.o.

Crustacen_
QGastropoda.
Piscos

Miseolloneous. .- ...

Total ...

Poodwoeed
Bulrush._...
Wikeongrass
Muskriss |
Wild juillet.

Smarlweed . _
Surglnun__
Tiarnol pondy
Sedpe___ ...
Coontnil
Borley. ..
Liltle bartey
]’u.\\'ec(t__
|1.t,r|15]1.

])un,kwu md. .
liico qutgrns:
Corn

4t
Watarmilfoil . .
Bee plang. .
Naind.._ ..
Pipeongrags. .

Ragweed ..
Trickly |h::1r
Alpina tllﬂo]’.ll} .

L] L SN
Witd helietrope. ..
Durreed... ...
Toppariick
Moesuite. ..
Popperwort.
Sunflower
CHusswork.

Mantigrass. ..
Saltyrags_ .
Wiltow

Snnils.
Fishes,

Number

522
il
21
)
ilt]

—
(=1 N L -1

ra e
e

— e

Number

[y

- -
—alla=d el oG

[
— LI e T I

B 200 0 02

— S £ 6 T B2 b £ e e

[N, Y

=
[E)
L=}

"'il

—_D
- Y

LRt

O O 2 D e D da A0 T D e O

=
=S =1 =100 63 — 00 S b 0 bo

DUCHES EXAMINED

Common mnllnrd_ R b |
Gadwall__

Baldpate..

American pmt‘ul..-
Qreen-winged teal_.
Blue-winged teal. ..
Cinnpmon tesl___
Shoveler_ .

Redhipad. .
Ring-necke
Canvasbnek

Crrenler seaup duek
Lesser seatp duek. ...
American goldenese_
Ruddy duek

! 8ee Iootnote 1, table 3.
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Tainte 8.—foods of game duchs in the Pacific coast
region listed in the ovder of their percentages of the
total food ne indicnted by analyses of 987 stom-
achs (species listed et foot of fast colemny from

21 lovatities

Schentife nhmeg !

Cammaon nane

PLANT MATERTAL

Pofmogeton.
Seirpies. _
Cyperis..
Zannicheliid foatmnsieiy. .
Zostera warinia__ . . .
Eleacharfs ... . ..,
Triglachin upritimn 2. |
Dhstichfin.. .. ... ..
Itieppia wa, tima
Pofyponum.  _.
Rumex... ..
Gryanantion .. . ...
Cerntophyitam denersin
Hordewin enfyare .
Damasenitem cafiforniciem.
Cephafatthix

Alyriophpttum .. . . .
Triticem arstivent .. .
Najrs . ..

Lewtna, st nd.
Fragostissp . .

Chara, etnl__..

Medicage.., . .

Picensp.. ..

Mymphoen

Afarsifea. __

Ciemtasp... ... ... . ...
Hippuris vaigris ..
Paewdoltuge wucronafa .
Ichinnchinn . .
Plantagosn . ..
Anviranthis
Rutns sp .
Trifolivmsp. ... .
Alnue oregana. .
Ranunewius.

Seaedu, ., . .
Fxchrcholtzire endifornica.
Cresctidi Sp. . A
Snftcornin awmbiyee _
Miscellaneous.. .

ANIMAL MATERIAL

Qastropodn, ... .___..
Pelecypoda.

Insecta. ..
Crustaces. ..

Miscellancans.. .. ...

Total . ...

{ Sea footnote 1, table 3.

aectdenhudin. .

o

A Clover.

Titnes
el

Fondweed ... .
Bulrush, ..

A Hlorned pondwed

Felerass,
Brikerish, .
ATrowyrnss.
Sulegrnss
Wipeingeass
Smariweed

arley_
Huttonbush.
Bodes . .
Algie_ .-
hirreed ... L.
Onis. .. - -
Watertflfoil, _ .
Wheat. ... ...
Naoind - .
THwckwopd |
Laveprnss. ...
Mluskprnss, .
Muodick, burelover
HBpruee, ... ... .
Spatierdock. ..
Pepperwort
Waler-hemlock, _ .
- Alarestndi,
Nmiglns
Wl millet
fMhantadn. .
Pipwesd .

Hed alder. . ..
Bultercup_ .. ..
Ben Dlite. . .
Cuiiforni-poppy
Dadier ..
Cllnsswort

Snails ... ..
Bivalves.
Insects__ooouai. .
Urnistagenns. .

Miribier
I-i
155
k!
L
a
2]
Rl
5
14
ﬁ.[s] '

|
13

=R il B A E P ]

[ i)

B w5 e b T3 B3 L

Loeali-
Hues

Nuatber
14

B3 BN R e B e DG

LR b S

e 3 b 3 e LT e — -

Volumetrie percentage (st items
nblclw;e 0.4 pereent shown geaphi-
callv)

TS
R R e g Y T

n

DIl np I e e e b

_,_-._;........-uuuul

i~ S

DUCKS EXAMINED

Common mallard
Cladwall..

Baldpaia._.

Ameriean pinail. .
Green-wingod teal.
Bive-wingad teal .
Cimamon teal. ...
Shoveler. . .

Hedbead .. ..
Ring-necked duck. ____
Canvasbaek

Grreater seanp duek_ _
Lessor seaup duek ..
Ameriean goldeneye. . __
Ruddy duck

Total. ..

&5
01
22

PP < T




BOOD OF GAME DUCKS

TasLe —Foods of gueme ducks in the western Cana-
dian region listed in the order of iheir percentuges
of the tolal food us indicalced by nugipses af 300
Stomachs (specics lsted ab foot of last column)

from 17 tocalitics

Selentific nnme

PLANT MATENIAL

Folamoegetan_
Seirpus__.

Chare et

Palygonn .
Myriophplien_
Lareto. . conn
Sparganinnt,
Flumines fesmcﬂcm
LT T 7T
flordenn putgure
Ruppia_.._....
Nafas_ . __

Ceratophyilum detnersim

Elepeharis.,
Supitlaria sp.

Nymphaen pofﬁu;mhi S

Lemnasp. .
Ranuncwins

Zannichellin puiuqrix .'

Fhippuris._
Valtiarerin spamns
Resa_ . _ __. .. ..
Alpan..
Galiuwpi.____ .
Symphonmrpm

Cladinm '.-mirlscantn_;.:_-: .

Afiscellnnegus.
Total_. .-
ANEMAL MATERIAT

msecito.... ... _.
Qastronoda
Crustases,

Pisess. ...
Pelecypoda. ..
Miscellancous. .., .. ..

Tutal.. .

? Seo fontnote t, dable 3,

79325°-—8p—2

Colmmon name

Ponlwamd. .
Bubrush..
Aluskprnss |

Smartweed .,

Walerrmlfoil 0

Bodgn L,
Hurremd ..
Wiiitetap. .

Badey " .7

Wigeon grm\ .

Wi, ...

Coontail.
Bpikernsh
Arrowhioml .|
Smrterdock
Duekwend
Buttercup____. ..
Horaed poadweed
Maoresiail
Wiltleslery ., R
Wihd rose .
Algae . L
Tedstraw |

Spowinery,

Y Imsopts. |

Srails
Crusticeans
Fislios.. .
Tivalves,

Tithies
nsed

Larval-
itiey

3 elmietrie porcenlage {plant

ilems above 033 percent

shown graphically)

EAY mnbtr

Number
13

MRl et g b

Esgad
-n-ul'IIIII

[}

Do
| pam =]

(oL ]

DUCES EXAMINED

Comimen mnliurd .-
Craflwa

Bakdpate_

Amerienn pintail.
Creon-winped tead..
Blue-winged tenl.
Hedhend
Rim{-nnckcd d -
Cenvasheck. ...
{;rc'iti.rscnup duek.

! Lossor seaugy diek. .

s Americon goldeneye,
Rardily duek

Tatal .
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TanLe 10.—Foeds of game ducks in the eastern Cana-
dian region listed in the order of iheir pcroentages
of the fotael food as indiceicd by analyses of 100
stomachs (species listed ol foot of last column)

from 1 Toealities

' . 1 - Timgs
Setentifio name Commnn onme wsed
PLANT MATERIAL

Nurber
Potomogelon ... ....... . Poandweed | it
(F /T T Butlrush. &}
Zizania aguaticn. Wikilriee.. .. i
Chara, etal_.. .. Muskpruss 11
1-affisneria spiralis Wildcalery 4
Eteocharie, ... ._ Spikernsh L. i
Sparganit m. Burrewd .. . y2
Sagitearia__ Arrowhead. . A
Nujor flezitis_ Nurthert nnind . ... . 11
Carer ... . Berpe., . bl
Cladin e mariscoides. e eee e e s Hn
Nymphnea_.... .. Spattertiock . 11
Brasenia sehreberi_ Watershicld. . 10
Palygonum,_ ... Smartweed . . 14
Ruppie maritime.. Wigronprass. . 1
Agragisspo..... .. Bentgrass_ .. . - 1
Quperudsp ... . . I S - a
Hippuris vulgaris. . Murestail__. - E
Afpriophpliemn. .. Wotermilfpll.. . ... I
Ranunculus, .. . Buitereup__-. | 2

Miscellaneous .o ...l e aa

(]
b0 T - -
ANIMAL MATERIAL

Inseoth.. cuua. .. Inseets. ..o L a
Crustacea. - Crustaceans... . "
Gastropodn. . Bouils... ..o . £
Pelecypadn. .. e e . Bivolves, . . t
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PART 2—~PRINCIPAL DUCK FOODS: THEIR IDENTIFICA-
TION, VALUE, AND RANGE

The foods of game ducks discussed collectively by region are here
treated individually and in systematic order. The range maps* in-
serted for many plants will serve as a ready index to the species that
are suitable for propagation in any particular section of the country.
Failure to give proper consideration to the normal ranges of plants
and to the factors that limit species to certain definite ranges has
been one of the principal eauses of disappointment in many experi-
ments in duck-food propagation. The maps are based on data and
interpretations from field notes of members of the Bureaus of Biolog-
ical Survey and Plant Industry and fromn herbarin, loeal plant lists,
and standard florns.  Anfhentic additions or amendments to these
maps are invited,

The usefuluiess of various foods is stated in the paragraph headed
“Yalue,” in such terms as slight, fair, good, and excellent. The desig-
nation “seed” is here applied to the numerous secdlike structures
{achenes, drupelets, samaras, nutlets, ete.) popularly regarded and
spoken of as seeds; the technical term is usually indicated paren-
thetically under the heading “Parts Consumed.”

Plants treated in smaller type are reputed to be utilized to some
extent locally as duck foods, but further studies will be necessary
hefore recommendations can be made regarding Lheir value.

As an aid to field identification, illustiations are given of many
of the species of plants here recommended for use as duck foods. To
assist in the recogmition of some of the common aquatics having finely
divided leaves a series of these ave arranged for comparison in
figure 2.

PLANT FFOODS

ALGAE
Algae: Frogspit {pl. 147, £), kelp, rockwesd, seaweed, (pl. 2, 4), sen-lettuce (pl.
BY.

TV alywe.—Probably low, except in emergencies when other foods are
scarce or lacking. The group runks surprisingly high (sixteenth)
in the continentsl ranking of duck foods (table 2), but some of the
consumption, particulaxly in inland waters, may be merely incidental
to the process of taking insects or desirable plani foods that chance
to be enmeshed in the tangle of filiments. On the other hand, the
use of marine algae appears to i largely intentional rather than acci-
dental. It has been reported by J. J. Lynch, of the Biological Sur-

4 In the ranee maps the heavily shadoed pacts denote areas of ceeatest abundance, and it
is in sneh areas thot the species mapped aee most likely to be epartant as duek Lood ;
1he ilighter stwding extends o the limits of defipitely kuown geoerad raonge; the lghtly
dottefl purts are grens of upcertain distribution ; and the black eireles denote definite but
somewhiut isolated oceurrencis.
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vey, thal at times
during winter the en-
tire food of the bald-
patealongthecoastof
Rhodelshandismade
up of sea-lettuee and
closely related forms
(Civa spp., inelud-
ing U. lactuea), and
that also in the sume
MYRIGPHYLLUM area the droppings
of black ducks con-
tain  hLigh pereent-
nges of green algae
(U. (E'nteromorpha)
entestinalis, U7, (£.)
clathrate, Chacto-
morpha linum, and
Cladophora er-
pansa}.  Lyneh re-
ports that the cells
of various forms of
marine algae found
in excreta often re-
veal incomplete di-
gestion, inasmuch as
the cell walls are
Trequently intact
though the fluid
vontents may have
heen drained.

Parts ronsumed.—
The plants entire or
I in part,

FIGrRE 2.—Vinely divided leaves of some eommon aquaric fdentification—
r:llti:“‘bﬁe:llg;:}l:th\r ;;:;(JI';IS:..OII' showing (istinetive features in The group is not
readily characterized
because of iis diversity, ranging as it does from micrescopic colonies
through the various delicate threadlike forms common in stagnant
waters to the relatively conrse marine species (pl. 2, 4 and B). E_lgue
are simple types of plants lacking such structures as true roots, leaves,
and seeds. Some forms grow attached, others are free foating.

Environment—Water of various qualities and depths.

Propagation—Suggestions on propagution are unneccessary, be-
cause algae in quantity are gemerally undesirable, and as they com-
pete with good duck-food plants they are likely to be more of a li-
ability than an usset.

RANUNCULUS (AQUATIG)

BICENS BEECKII CABOMBA

CHARACEAE: MUSKGRASSES
Chara: ® Muskgrasses {pl. 3; ligs. 2-3).

Valve~—Good to excellent. Munskgrasses are eaten by many kinds
of waterfowl and are particularly sought by diving ducks. It is

" Often classed as part of the Algae bul here treated independentiy.
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sometimes claimed that the plants produce an undesirable favor in
the flesh of the ducks that cat them.

Puaris consumed—AN parts of the plants are used, but appuarently
the reproductive structures {oGgonia, pl. 8, (") are especiaily relished,
more than 300,000 having
been found i a single
stomuch, Oceasionally
minute tuberlike structuses
are formed unear the buse
of the plant and doubtless
these also have considerable
foad value,

Tdentification. — T h ¢
whorls of tiny branches
{fig. 2), often Dearing
minute. oval reproductive
bodies, are fairly ding-
nostic, as is also the musky
odor emanating fromi some
species and the frequent
presence of a Jimy enerus- : Sk
tation, which causes a cer- y ' 2\ s eses
tain degree of rigidity. '

Farivonment—Musi - Figrre 3—Range of gonus Chora.
grasses grow entirely sub- _
merged in waler at depths varying from a few inches to more than 30
feet.  Their habitats ure diverse, but limestone localities or allkaline oy
saline situations ave preferred. Rich soil does not seem to be requirved.

Propagation—Trans-
planting should be accom-
plished during the grow-
g season. 'The presence
of mature (dark-colored)
obironia will help to in-
sure  successful  propaga-
tion.  Plantings in deep
water should be weighted
down with balls of clay;
n shallow water the trans-
plants  may be merely
pushed into the mud by
hand.

elated genera.—Dounht-
less the genus Nitella

] wame s | ttlso has value as a duck

8 wemnem | food, but at present there

Frernn 4.—Range of Marsilea restiia. 15 no positive evidence to

srove it.  The same is

true of Tolypellc {pl. 3, 4). Usuallly Chare may be distin-

wuished from these two genera by the outer cortex, or sheath of

cells, present on the stems and branches of most, but not all, of its
species,
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MARBILEACEAE: PEPPERWORTS

Marsilea vestita: Pepperwort, water shamroek (pl. 4, 4 and B; fig. 4).

Value~-Fair; the plants are useful but generally are not
abundant enough to be important as a duck food.

FIgURE 3.—DRange of Pareditm distichum.

Parts consumed.—The re-
productive capsules {sporo-
carps, pl. 4, ).

Identification. — T h e
floating cloverlike leaves
with four leaflets are sufli-
cient for recognition (pl.
4, 4}, The name “water
shamrock,” sometimes ap-
plied, is descriptive.

Ernvironment. — Pepper-
worts are aquatics that
root at shallow depths (usu-
ally less than 1 foot) in
ponds and ditches, They
oceur in fresh or mildly
saline water throughout al-
kaline regions,

Propagation.— By por-
tions of the rootstocks and
by mature sporocarps.

Related species—There are several other species of Marsilea, but M.
vestita has the widest distribution in the Tnited States and is the only
one of recognized duck-food value. Tt is probable that . guadrifolia,

a Eurasian specles that has
become established at Ban-
tam Lake, Conn., whence it
has been introduced into
other northeastern areas,
will be found o be useful
in shallow fresh waters of
the northern States. Tit-
comb (87) reported that
the floating leaves of this
species have been found
completely covering the sur-
face of water having a
depth as great as 2 {feet,
PINACEAE: BALDCYPRESS
Taxodium distichum: Batdey-
press (pis. 4, @, and 124, A
fig. §).
Value—Fair, but utility
is confined mainly to the
lower Mississippi region.

AR

& omars stisee

Flouke (.—Range of Sparganium eurycerpum.

Parts consumed.—~The seeds, enclosed in the woody scales of the

globular cones,
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{dentification.~—The baldcypress, a typical tree of southern swamps,
is generally characterized by greatly enlarged bases and is the
only conifer in the Scuth that shads all its leaves in winter.

Related species—Two
species of Tawodium occur
in the United States but
7. distichum is the only one
that is of known value as a
duck foed.

BPARGANIACEAE: BURREEDS

Sparganium: Burreeds (pls.5-7;

figs. 6-10).

Valwe—Falr; used most
frequently in theNorthwest,
particularly in Canada.

"Partsconsumed —Despite
the fact that s, fairly thick
corky coat and an inner
woody covering protect the
central starchy portion of -
the burreed seeds (nutlike O oo e
fruits), they are frequently  1igune 7.—Range of Spargunivm chiprocarpum.
eaten by ducks, though usuo-
ally in limited quantitics. More than 300 seeds have been found
in individuel stomachs of several species of ducks, and at times
these have constituted the major part of the contents.

Identification—Theglob-
ular burs, or heads, should
serve to identify a Sparga-
afum. Ewmergent forms of
burreeds can be distin-
guished from other simi-
lar plants by the leaves,
which are shallowly and
broadly triangular in cross
section,

Environment.—Members
of the genus Sparganium
inhabit fresh-water situa-
tions; generally they are
found in marshes or border-
ing open water, but some

) wansws | Species ocouralmostentirely

® weeome | ogsybmerged. S, fAuctuans

FieUre 8.—Range of Sparganium engustifolinm. (Pl T, A) sometimes Brows

in water about 5 feet deep.

Propagation—By rootstocks or by transﬁanting young rooted

specimens. Propagation by means of seeds has at times given dis-

couraging results; further informution on germination requirements
is essential.
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Species—-Tho giant burreed (8. ewrycarpum) (pl. 5) is the largest
plant of the genus, and its seeds arve distinet i being somewhat
angular and usually two-celled. Its use by ducks has been noted
more frequently than that of any other burreed, and at times it forms
an important food item. S.
swinimum (pl. 7, R), 8. mad-
Hpeduncwlatum, 8. chlovo-
carpum (pl. 6), S. angusti-
{oZiwn, and 8. americanwm
1ave each been recorded 10
or more times from duck
stomachs; 8 Auctuans,
though not similarly re-
corded, is also regarded as
of some vahie to ducks,
particularly in streams.

NAJADACEAE: PONDWEEDS, WI-
GEONGRASS, NAIADS, EEL-
GRABS

Potamogeton: Pondweeds (pls,
5-26; figs, 11-28).

Value—~-Good to excellent.
Fizgur h—Range of Sperganine fuciens, Pﬂ?‘f&‘ consumed., — Vari-
ous parts, depending on the

species involved. The seeds (drupelike fruits) of practically all
pondweeds are eaten freely; the subterravean tubers of sago pond-

weed (Potameogeton pectingtus) (pl.8, B and () area very choice fond,
and the rootstocks and
stems of some specics, par-
ticularly of claspingleaf
pondweed (P. perfoliatus)
(pl. 25) and sago pond-
weed, are used. The winter
buds of P. friesii (pl. 14),
P.opusillus {pl. 12), and re-
lated types are consumed,
as are the tender leaves of
severnl species.
[dentification—Themem-
bers of this aguatic genus

are quite diverse in appear- - i=--_i
ance, but the seeds have Sy
constant similarities. The N TI,I_ [
individual species illus- e [ wecerom s
trated and described will | ® e e
serve to chavacterize the
oroup.
Environment—Pondweeds grow at depths varying from a few
inches to several feet. In water of average clarity 6 to 8 feet is
usually considered the maximum depth for suceessful rowth, but in
exceptionally clear water certain species have been found growing

INcure 10—Range of Spargerinm wprimim.
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at 20 feet or more. A few pondweeds (notably P. pectinatus and
P. perfoliatus) tolerate or thrive in saline or alkaline water, but the
majority require fresh water. P, gramineus (pis. 23 and 24) can
subsist on firm sand or gravelly bottoms, but in general the group

grows hest in soil of mod-

erate richness and softness.

Propagation—Most
pondieeds are well adapted
to vegetative propagation;
rooted parts can readily be
transplanted early in the
grewing scason, and from
present indications it ap-
pears probable that many
members of the genus can
regenerate  quickly from
broken pieces of the leafy
stems, ‘The utilization of
this faculty for regencra-
tion probably affords the
most: practical gencral
method of increasing or

R

%W%

4 [7] ramtma mina
[ seccernm asncs

propagating desired species
- of pondweeds. Inaddition,

IMgere 11.—Range of Polamogeton peclinginsg,

sago pondweed can be disseminated by means of its tubers (weighted
down by a coating of clay mud); und P. zosteriformis, P, pusillus,
P. friesii, P. obtusifolius, and others, by special reproductive struc-

[ wmeerrom asme

@ voLars s

FiGoneE 12 —Range of Pefumogefon roagingt s

tures known as ‘““rinter
buds” (compact clusters of
leaves and stipules). Near-
Iy all species (P. robdingii,
P, oerispus, and P, friesis
fruit rarely} can be grown
from mature seceds that
have been lkept immersed
and ecool between the time
ot havvesting and planting.
For further particulars on
germination and propaga-
tion see pages 103 to 142,

Potamogeton pectinatus: Sago
pomweed {pls. § nnd 120;
fig, 11).

Valuer—Excellent, This
is probably the most im-
portant single waterfowl
food plant on the continent

and is responsible for about half, or more, of the total food percentage

credited to the genus Potamogeton.

Parts consumed.—The tubers, seeds, and rootstocks, and other por-

tions to a lesser degree,
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Identification—-The fanlike spreading of the leaves at the water
surface 1s fairly characteristic. 'The seeds can be distinguished from
those of all other pondweeds by the rounded apex of the “trap door”
(the portion of the edge that opens to permit sprouting) (pl. 8, D,
b and ¢). Wigeongrass
(Ruppia, pl. 27) 1n. the veg-
etative state is sometimes
confused with sago pond-
weed, but the latter can be
recognized by the acute
points of its stipules (one-
eighth to one-haif inch or
more long), whereas in
Huppie the stipule projec-
tions are shorter and
rounded,

Knvironment.—Optimum
growth is usually made on
bottoms of sandy mud in
water ranging from 214 to

[ mene {5 feet oz wore in depth.

B w1 Though sago pondweed

Fioure 12.—Range of afamogeton sosteriformis, ZUOWS well in fresh water,
Bourn {§) has shown that

it benefits by salinity concentrations up to 20 percent of normal sea
water (see discussion, p. 124). At Swanquarter, N. C., plants in good
health were noted in October 1985 growing in water with salt content
equaling about 44 percent of
nermal sea water., This
species and wigeongrass are
the most common and most
important aquatics in the
alkaline Iakes of the West.

Propagation—By tubers,
by parts of rootstocks, by
regeneration from pieces of
leafy stems, and by seeds.

Related species.—Potam-
ogeton vaginatws (pl. 9;
fig. 12) and P. filiformis are
closely allied species re-
stricted to the Northern
States and Canada. The
former is a coarse plant
with broad stipules and
greatly elongated leaves. FiGURE 14~ Range of Potamogeinn foliosvs.

P. filiformis, on the other

hand, is a more slender type, with seeds that are distinguished by a
broad, sessile stigma. Both species bear tubers that probably are of
some value as duck foods,
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Potatgogeton sosteriformis (P. zosterifolius): Flatstem pondweed (pl. 10; fig.
18).

Value~—Fair,

Parts consumed.—The seeds. .

Identification—The flatstem pondweed is the largest member of
the group of pondweeds that bear only linear (grasslike) leaves. Tt
is distinct in having a rather broad, flattened, zigzag stem, and it is
further characterized by large winter buds and flat seeds.

Environment—This plant grows best on mucky bottoms in the
fresh-water lakes or ponds. If occurs at various depths and in clear
water is known to grow successfully at more than 20 feet.

Propagation—By winter buds and seeds,

Potamogeton foliosus: Mondweed (pl, 11; fig. 14).

Talue—Itair to goad.

Parts consumed.—The seeds and foliage.

Identification—In Potamogeton foliosus the seeds bear a promi-
nent crest along one edge; all the leaves are linear and their bases
are usually glandless,
whoreas in P. pusilius, P,
panormitanus, and several
other allied species the
seeds are crestless and a
palr of distinet, minute
glands are generally pres-
ent at the base of each leaf,

Environment. — Princi-
pally sluggish streams and
fresh-water lakes on Dbot-
toms containing consider-
able humus. KExperiments
by Bourn {6) indicate that
this species tolerates mod-
erately brackish water. He
states that “the optimum
salt content for the promo-
tion of growth in this plant - -
lies between 4 and 12 per- O™ lCombined rnece of Fotamoperon
cent sea water.”

Propagation.—By seeds or by direct transplanting.

Potamogeton pusillus: Pondweed (pl. 12: fig. 15).

Value—Fair to good.

Parts consumed~The seeds and foliage.

Identification~—Potamogeton pusillus is a common pondweed of
the grass-leaved type, resembling P. foliosus superficially but differ-
ing in the ability to produce winter buds and in other particulars
listed under the latter species.

Environmeni —Fresh or mildly brackdsh water of lakes and
streams, generally at depths of 1 to 5 feet and usually in fairly
rich soil.

Propagation—By seeds or winter buds.
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Related species—Potamogeton panormitanus {fg. 15) is a form
recognized by Fernald (21) as distinct from P. pusilius.

P. obtusifolius (pl. 13; fig. 16) is a northern pondweed that may
be distinguished from P. panormitanus by its wider, rather flaceid
' feaves, more conspicuous
glands, and larger seeds. It
may be propagated either
by seeds or winter buds.
Fernald (2/) has described
a very similur type under
the name P. porsildiorum
and has recorded specimens
from the James Bay section
of  Quebec, northwestern
Mackenzie, and northern
Alaska.

In P. friesii (pl. 14; fig.
17) the foliage and wiater
buds are more rigid than in
other species of the grass-

D) warmmwe | leaved group. The winter

& mmee § buds are comparatively

Figrrg 1G—Ittnge of Potamegeion obdusifolins. abundant and are CORSPiCH-

ously flattened and com-

pact, They constitule the prineipal means of propagation, since this
species fruits very rarely.

P strictifolius, P. longiligulatus {pl. 158}, P. fibriliosus. P. hillii.
and several other closely allied species recently deseribed by Iernald
(27} appear to be of lesser
importance but need fur-
ther study to determine
their true status.

Potamegeton spirillus (group) ;
Pondwecds (pls. 11-17; figs.
18195,

Value—Fair.

Puarts consumed. — The
seeds and possibly other
parts.

[dentification.— Potamo-
geton spirillus, P. diversi-
folius, and P. cupilluceus
closely resemble one another
in general appearance and
therefore they wre treated D e e
tOg&t]lL’I'. Th(’y are (lilﬂil'llb- Misrek LT.—DRange of Peldmagelon friesii.
tive pondweeds with minia-
ture floating leaves and grasslike submerged Jeaves. The majority
of the flattish, circular seeds are horne submevged in the axils of
the leaves,
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Favironmenf—Fresh, often mildly acid, water at depths of ¢
inches to 4 feet, usually on bottoms containing much humus. They
are frequently found in the brownish-stained streams and lakes.
P. gpirillus is limited pri-
marily to the Nortleastern
or North Central States
and adjacent Canada, and
P. capiliaceus to the At-
Iantie and Gulf couasts, but
P. diversifolius occurs
widely scattered through-
out the United States, with
the exception of the New
England States. The Iast-
mentioned species has fro-
.quently been found tluiv-
ing in newly oxeavated
ditches in clayey soils.

Propagation—By seeds.
and by transplanting young
plants.

Related species —Therib- ———— T T -
bonleat pondweed (P. epi- ¥ "'1';:'?};,:? '.J:_-{lr.f‘i’?:{i:;:}ﬁ;‘:‘i:c::::’ﬁt;;io!“ 3:;:'5}?:1{553' Kl
hydrusy pl. 173 fie. 19).
with its elongate submerged leaves and circular fruits, is essentially
a large edition of the above species. It is an inhabitant of slow
streams or tresh-water lakes and appears to tolerate a greater degree
of acidity and denser shade
than maost pondiveeds,

W T segbar

Potamogeion tenuifolins (al-
pinys): Pondweed (pl, 1I8;
fign, 20).

Potamogeton tenuifolius
{@lpinug) s a northern
pondweed, distinguished by
its raddy color, oblunceo-
late flouting leaves, and
lanceolate, nearly sessile,
submerged Jeaves. It gen-
erally grows at depths of
1 to several feet, in sluggish
streams, particularly inold
B v e | Jogaring strenms having con-

8 oo | siderable woody debris.
& oees s Related species. — Pota-
Fravus D—Rooge of Polamageton cpihpdros, ’{‘HOQ’(#GH, ?)HZ&’}M?'_ (ﬁg 21)
is a Constal Plain species
with broad flouting leaves nmd bluck-spotted stems. It grows
commonly in the brownish-colored water of coastal ponds and
streams, generally at depths less than 4 feet.
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Potamogeton amplifolius: Largeleaf pondweed (pl. 19; fig. 22).

Value~—Fair.

Parts consumed —The seeds,

Identification.—Potamogeton amplifolius is the coarsest and largest
leaved of the pondweeds. The submerged leaves are usually arched
or curved ; floating ones are
frequently lacking.

Favironment. —Fresh
water (chiefly in lalkes);
most common at depths of
3 to 12 feet on moderately
soft bottoms containing con-
siderable organic muatter,

Propagation—By seeds,
rootstocks, and terminal
portions of leafy stems,

Motamogetonamericanus: Long-
ieaf pondwecd {ph. 20; fg, 233,
Falue—I'air to good.

Parts consumed.—The
[ e | SECUS,

o v | [fdentification—Thelong-
leaf pondweed is an ex-
ample of the group of

pondweeds that have two types of leaves; in this species the

floating leaves are generally elliptic. and the Ilanceclate sub-
merged ones usnally have long leafstalles.

Environment.— Potumao-
geton americanus grows in
fresh water at vuriable
depths—commonly in 3 to
5 feet. It occurs in lakes
and ponds but is usually
most plentitul in shiggish
streams. In the Potomue
River it has been found ex-
tending downstream from
the fresh-water section just
to the head of brackish
water (where the salt con-
tent during the average
growing season is equivi-
lent to less than 0.5 percent
of normal sea salinity).
This  pondweed survives
complete emergence oi
moist margins and also withstands severe floods better than
any other.

ropagation.—By seeds, rootstocks, or by portions of the leafy
stems, The feasibility of using seeds of this species for propagation

Fwgure 20~~Raome of Meiomancion teanifolins,

Fisree 2 ——Runge of Patumogoton pulefier,
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without preliminary cold storage is indicated by a labhoratory test in
which seeds harvested near Washington, D. C., in mid-September
1935, were immediately subjected to favorable growing conditioms;
germination commenced in
3 months and was practi-
cally completed within ¢
months,

Potamogeton natans: Floating-
lenf pondweed (pl. 21; fig, 24).

Value~—~Fair to good.

Parts consumed.—The
seeds.

Identification—The com-
mon floatingleaf pondweed
has numerous oval floating
leaves but the submerged
lenves ave reduced to blade- o =t N
less leafstalks. )Y Bl e e

Envirenment, — TFresh- T g:::::‘
water ponds and lakes ulb NS o e
moderate depths,_ usually 1 pooen 22—Range of Potamogeton amplifolins.
to 5 feet; appearing to tol-
erate more strongly acid water than many pondweeds. It seems to
thrive best on moderately soft, rich sotls.

Propayation—DBy sceds and rootstocks.

EBelated species—Potamogeton oakesianus is a closely related
northeastern species, but differs from 2. ngtans in having a fruiting
stulic much  thicker than
the stem and in having
seeds without depressions
on the sides.

Potamogetoniilinvensis (group)
{pl. 22y,

Comparatively little ac-
curate information is at
hand on the distribution
and waterfowl] value of the
group of pondweeds that
includes Potamogeton illi-
noensis (pl. 22}, P. angustt-
folivse, and P. lucens. P,

BB aerer menese | LU EROC NI OCCUTS TTOqUENtly

L metmeemme encugl in the Great Lakes

G (o= | area to have some minor

Fiorre 21—Range of Pelemaycton emericenis, vonsequence the_re, but the

’ other two species, though

credlited by the manuals with very extensive ranges, appear to be none
too well defined and are at most local or uncommon,
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Potamogeton pgramineus (P. heterophyllus):

23-24; fig. 23).
Vatue—Fair to good.

Yaviabtelenf pondweed (pls.

Parts consumed —The seeds and probably portions of rootstocks.

'\.- £] wmterrim mance

PrernE 24 —Namee of Polumoneton pofund,

fdentification, — In the
variableleuf pondweed the
submerged leaves are sessile
and lanceolate to oblanceo-
Iate, and though diverse in
size are generally rather
small - (about 34 to 114
inches ong}. The floating
leaves nve oval or elliptic.

Fnrironment. — Rather
shallow (1 to 5 feet) fresh
water, usually near shore;
commonly growing on
sundy or graveily bottoms.
This species, like Pofamo-
geton  americanus, with-
stunds complete emergence
as long as the soil remains
moist.

Propagation—DBy seeds. rootstocks, and probably by portions of

the leafy stems,

Potamogeton perfoliatus {inclnsive of varieties): UClaspingicenf pondweed, red-

headgrass (pl. 20 figs, 26-27).

Value—Good, ranking among the more valnable pondweeds.
Parts consumed —The sceds, rootstocks. and portions of stems.

Tdentification. — T h o

41

leaves are distinetive in
hoth forms of this pond-
woeed: Potamogeton perfo-
ligtus richardsonii has lan-
ceolate lenves and 1s the
econuuen form i the inler-
ior, whereas the 7. p. bup-
lewroides type has gvate or
voundish  leaves, smaller
seeds, and is vestrieted pri-
muirily to the Atlantic coust,

Envivonment. — Both
forms grow well in fresh
water but also thrive in
moederately brackish situa-

; . T T s
broad clasping bases of the / ey L2 ﬁfm %,
O e ;
i

: k\ 5
F e

o <=' %"‘-—t

tions.  Bourn {3) has ve-
ported maximonn growth of i 0n
P, perfoliatus as occurring

Hange of Polumogeton mraminews,

in salt concentrations amounting to 12 percent of normal sen water,
In the Potomac River the dupleuroides type extends downstream
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from fresh water to a point where the salt content, during the average
growing season, is equivalent to about 25 percent of normal sea water,
Claspingleal pondweeds are usnaliy found on mucky or sandy soils,
and thrive in either still or running waler ranging from 2 to 5 feet
n depth.

FPropagation—DBy rootstocks, cuttings, and seeds.

Related species—The whitestem pondweed (P, praclongus) (pl
26; fig. 28) 1s an allied species of somewhat less vaiue. It may be dis-
tinguished from £, perfoliatus by its long leaves. its somewhat zigzag
whitish stems, and the long-stalked fruiting spikes. This fresh-water
species s known to thrive on moderately soft bottoms and inhabits
deeper water thun many of the other pondweeds—in Lac Vieux
Desert, Vilas County Wis,, plants were found growing luxurianty at
depths of 10 to 12 feet.

Ruppia maritima: Wigeongrass {pl. 27 i, 20).

Ualue ~—Excelient,

Parts eonsumed —The seeds (drupes) and vegetative portions,

Tdewtification —Though wigeongrass and sygro pondweed have
some resetblance 1o each other in their vegetalive parts (refer to
treatment. . 26, of Nefemeo-
geton pectinatus for com-
purison}, their seeds (ph
27, ) are very different.
In wigeongrass the seeds
we small, blackish, and
pointed and are borne in
slender-statked clusters
(umbels}.

Fueironmoent—3Vigeon-
grass 18 a characleristic
plunt of brackish coastal
waters  and  of  alkaline
Iakes in the West. In the
Potomae River it is found
all the way up from the
strongly brackish water of
Chesapeake Bay to a point
where the average salt con- Figirug 2?5:!(‘51‘;{‘!?!}1:;;‘ (\::;]i‘c::;ég:;.};ﬁ;i;:!l_dirr:‘lOIl'ﬁ'tr.'.';
tent s equivalent {o only
about 2 10 3 percent of normal sea salinity. Bourn {7} found ex-
perimentally that this plant thrives in waler having salt concentra-
tions ranging from 0 to 80 percent of normal sea salinity and ap-
peared healthy after 3 wonths tn concentrations up to 150 percent of
sea salinity, although it did not make active growth or produce seeds
in the higher salt concentrations. Ruppiu grows on either fertile or
sandy bottoms at depths ranging from a few incles to several feet,

Propagation—By nortions ot reotstocks or by seeds.

Lelated specios—Ruppia occidentalis (pl. 28) is a large form of
wigeongrass that oceurs loeally in ulkuline or saline lakes of the West.

795256°—-39——3
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By some authorities it is regarded as a variety of £. maritima rather
than a distinct species. McAtee (6.7) reported that this species was
the dominant submerged plant in a lake that apparently represented
the most alkaline conditions prevailing in any water ares examined
during the DBiological
Survey’s study of the
Nebraska sand hills in
1915, In Norway Lake,
Kandiyohi County,
Minn.. & coarse, possi-
bty distinet, form ot
Fuppie has been found
making a luxariant
growth in water that
wits practically fresh.

Zannichellia palustris:
Tiorped  puondwoesl (Dl
My ot 30

Value ~—Fa.c to good.

Puarts consumed. —
The seeds {nutlets) and
vegetative portions.

Fdentifieation. — The
horned pondweed has o

superficial resemblance
to younyg growths of
wigeongrass { Zuppial,
but its leaves occur in
pairs {oppesite) eather
than singly, and the
hornlike seds are dis-
tinctive. The Intter oc-
cur in the leaf axils,
generully in nggregu-
tions of two to four.
Eueivonment.—Zan-
atfchellie is a submerged
aquatic that grows on
zood soil in fresh water
(parvticularvly in
springs} as well as in
strongly brackish
water. Along the east-

FIGURE 7.4, Potamogetow perfoliatio vuz. viciutrdvonit, Ll shore of (ﬁmsapealm

¥ =k, perfolia i YU, riclidydagni, e ; v

X 1: ., matere fruiting splke. X 1@ {7, sveds X 5, B&_}_f 1t ].h].S been found
thriving in water hav-

ing a salt content eguivalent to zbout 40 percent of normal sea
witer,

Propagation—DBy transplanting growing portions of the plant ov
by seed.
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Zostera marina; Eelgrass (pl. 30; fig. 31).

Value—Good.

Parts consumed —Chicfly the seeds; the leaves and rootstocks to a
lesser extent.

Identification—Clusters (2,000 to the square vard in Zasterq) of
elongate, tapelike leaves characterize hoth wildeelery and celgrass,
bat the lattor ig an inbabi-
tant of saline coustal waters
and  its Jeal margin s
smooth, lacking the fine
serrations of wildeelery.

Environment.— lelgrass
grows subnierged  (usuaily
in 2 to 6 feet of water) on
tide flats of coustal bays
and sounds. Tt thrives in
normal sen water and ex-
tends apstream in the ostu-
aries to a poink where the
salt confent averages about
25 pereent of normal sen
salinity, Inability to sur-
vive high iemperatures is : SN T
aserthed by Setchell (78, p. [ e vumm
431} as the reason for the § e e
p]::nt’s EIIJS(‘]'I(.'(‘ from sonih- Friie 25 Wnnge of Pofesiogeton praclongns.
ern Jatitudes.

Propagation—Preferably by portions of rootstocks; seeds also may
be used.

Remarks—Along the Atlantic coast, eelgrass has recently become
searee o1 has disappeared from extensive areas where it was formerly
abundant—presumably  le-
cause of a fanguslike dis-
case. Current experhments
inchede the introduction of
a robust, wide-leaved form
(referved to as Zostera
maring var. latifolia) from
the Pacific coast, in the
hope that it may prove re-
sistant to this malady.

Cymodacea  manatorum:  Manntee-
grass (pl. 313,

Recent field observations
aloug the Fiorida const indicate
that manateegrass may be of

some  vidue as a duek food.
E!“:““’ It is a marine plant locally
%:“‘_ﬂ abundant in prrts of the Gulf
Yo ewsrts wiisen region.  The eylindrical lenves
(rounuded in cross section) make
FIGURE 20 —Range of Ruppioc muritimy, identification simpla.
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Halodule wrightii: Shoulgrass (pl. 32-33).

Recent stomuch studies and field observations (both of very limited
extent} indicate that fhe marine shoalgrass (Halodule wrightii) is
an important waterfowl food along the Gulf and South Atlantic

cousts, but its true npor-

N W T tance remains for future

= Stk 5‘{\'\& determination. It has heen

i S ‘% found particularly abun-

TS dant in the important red-
o ! f ¥, :

b A Ny head feeding grounds of
Laguna Madre, along the
coast of southern Texas.

The plants nre frequently
found growing with Ruppie
and are sometimes contused
with it, but Helodule is
distinet n ifs obliquely tri-
angular jeaf tips, flanked
by twe minute teeth, and
in the close series ot brown-
ih  rings (nodal scars)
thal ave present ot certain
parts  of the rootstocks
Itarne S0--Range of Zenniclellin palusteis, (Pl 33)

Najas: Nuiods (pls. 34-38; figs. 32-303.

Value.—Excellent in the two species Najos flewilis and N, guadalu-
pensisy fair to slight in N. marine and . gracillima. Three other
species are known to Dbe
of local occurrence in the
TUnited States but at present
their importance to ducks is
undetermined.

Parts  comswmed. — The
seeds (nutlets) and leaty
parts of the plants.

Identification. — The ge-
nus consists of fairly deli-
ate  {except N. marina),
freely branching aquatics
having pairs or whorls of
narrow, serrate leaves and
solitary, awl-shaped sceds
located in the leaf axils, B e o
The leaves have broadened, [ o e
sheathlike bases, and in this ® ot o
1'ega,rd are distinet from Froune Al -——Range of Zastera maring,
waterweed (Anacharis).

Environmnent.—Species of Najus grow submerged in fresh or
mildly brackish water at various depths—generally about 1 to 4 feet
but locally at depths of 20 feet or move, apparently requiring less
light for successful growth than most other aquatic seed plants,
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Usually they inhabit soils containing a considerable proportion of
sand, but beds of naiads may also be found on somewhat mucky
bottoms. In the Potomac River, N. guadadupensis extends down-
stream from the fresh-water section to a point with a salinity ap-
proximating 18 to 28 per-
cent of normal sea water
during the average growing
season but becoming fresher
during brief periods follow-
ing heavy rains.

Propagation—By trans-
planting growing parts of
the plants or by sceds.

Najas flexilis: Northern naiad,
bushy porulweed {34 ; fie. 32).

The northern naiad is
the prevatling representa-
tive of its genus in the
northern half of the Uniied

] semcans wanet

States and in southern e F] i ooas
Canadayj it ranks as one
of the most useful of all
North American duck foods, In the vicinity of the Great Lalkes it is
particularly plentiful and is commonly found growing on sandy bot-

Freepe Nt—Range of Nejug flexilis,

toms in assoctation with wildeelery (Vallisneria s piralis).

Najas guadalupensis: Southern
miad (pls. 35-3G; fig. 83).

In contrast with the
northern naiad (Nejus fex-
#fix}, the southern species
(¥. guadalupensis) has its
greatest abundance in the
lower Mississippi Basin and
in the southeastern Coastal
Plain. In the latter
region it ordinarily with-
stands moderately brackish
water. This species can be

& o wnem | (istinguished from the

_ %:ﬂ""_‘_‘:‘:‘;‘ northern naiad by the

B o e | deeply pitted reticulations

Fiocns 33— Range of Nufay gusdalupensis.  OF Jts short sceds. A coarse

form has been found that

grows at. depths of 25 feet in clear Florida springs and also thrives
i water less than 2 feet deep.

Other species of Najas: (pis. 87-88%; figs. 34-35).

Najas muenscheri is a species recently segregated by Clausen (10)
from’ the N. fewilis-N. guadalupensis aggregate and is reported by
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him to be the dominant species of Vajas in the tidal parts of the Hud-
son River. Evidence regarding its utility to waterfowl is lacking,
but it is probable that when more storsachs are examined from
its range this naiad may prove to be a valuable duck food.

!

) —
v /
g_aH H ! T asearens wmmaimee
D et s
i [ IR T

Mgrne H——Hanee ol Nojus maring.

The spiny naiad {Najae
maring} {(pl. 37; g, 84) is
a coarse form with promi-
nent teeth on the Ieaves
and with large seeds, and
Y. gracillima (pl. 38; fig.
33} is an extremely slender
species. DBoth are usually
too scaree and too loenlized
to have appreciable value
as duck foods.

Najas minor, an intro-
duced European species, re-
corded locally from New
York, and ¥. conferta, ct
western Florida, arve re-
stricted forms that need fur-
ther study todetermine their
value as waterfowl foods.

JUNCAGINACEAE: ARRQOWGRASS

Triglochin maritima: Arvowgrnss (pl. 39; fig. 36).

T alue—Locally fuir to good (in the Northwestern States) ; its use
appears to be consequential only in certain mursh-meadow localities

that have been temporarily

mundated.  Clawson and
Moran {17} reported that
this plant has occasionally
been found polsoncus to
hvesteck, particularly un-
der drought conditions,

Parts consumed. —Tlie
capsules containing the
seeds.

Identification—A rrow-
grass is characterized by o
cluster of grasslike, thick-
ish leaves, from the base
of which arise the long,
slender stalks bearing the
capsules.

Environanent. — Mo lst,

o G
S AR

2

.
R
TN

[ wersrsn mamee

B dustra slaeen

alkaline, or brackish situa-
tions,

Ficung #5~—DRange of Nejas gracillima.

Related species—Three species of Triglochin ure known in the
United States and Canada, but only 7. maritima has been consumed

by ducks in significant quantities.
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ALISMACEAE: ARROWHEADS, DELTA DUCKPOTATO

Sapittaria: Arrowheads, delty duckpotato, wapato (pls. 40-44; figs, 37-40).

Value. — Excellent locally in the case of Sagitteria platy-
phylla; fair ocally in S. hAeterophyila, S. cuneata and S. lotefolia;

probably slight in other
species.

Parts consumed,-—The
tubers; the use of seeds
(achenes) is slight.

Identification.—Members
of the genus Sagittaria ave
ratherdiverse in appearance
but wvniform in having
white flowers in whetls of
three and somewhat succu-
lent leafstalks mavked with
crosg veins. The leaf
biades wary from arrow
shaped, as in 8. cuneata
(pl. 43, A and &) and 8.
latifolia (pl. 40, "), to ellip-
tic, in 8. platyphylle (pl
41), and linear, in . subu-
late (pl. 43, D).

I'eure A8.—Range of Triflochin weritime.

Environment—Sagittarias are, in the main, fresh-water plants,

but some species endure mild degrees of brackishness.

A few grow

largely or entirely submerged, but the more common types are
found in marshes or on mud flats as well as in shallow water along

[ cesror simraner
R
[T weennane nanct

Figukre 37.-—Range of Sagittaria plaiyphylla,

the margins of lakes and
streams.

Propagation—DBy tubers,
by plants, or by seed.

Sagittaria platyphylla: Delta
duckpotatoe (pl. 41; fig. 87).

The delta duclkpotato is
probably the only sagittaria
of primary impertance as a
duck food, Tts tubers {pls.
41, B, and 44, A) are of
moderate size and occur at
shallow depths and hence
are much used in their lim-
ited native habitat along
the Guif coast. Duckpota-
toes as a group constitute
less that 1 percent (0.94) of

the total food (table 8), and more than half of this item consists of

the delta duckpotate.
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Sagitteria heterophylla: Arrowhead (pl. 42; Ag. 38).

Sagittaria heterophylle, o common sgecies of arrowhead, normally
grows in shallow water or in marshes of soft mud, and since its tubers
are of medium size they are frequently available as duck food.
As implied by the scientific name the leaves of this plant are
extremely variable ranging
from linear or elliptic to
arrow shaped.

Sagittaria weatherbiana,

In the strongly acid water
of the Dismal Swamp, in
southeastern Virginia and
adjacent North Carolina, a
species {Sagittariaweather-
biana}, recently described
by Fernald (22, pp. 387-
389), produces tubers simi-
lar to those of 8. platy-
phylla and 8. heterophylla.
This plant is worthy of
careful study as a possible
source of duck food in
darkly stained shaded
Fiours 3S.—Range of Sugitfaric heterophytln. waters of the Southeast.

Sagittaria cuneata (8. arifolia) and 8. latifolia: Arrowheads, duckpotatoes
(pls. 43-44; tigs, 89-40),

These are the two common species of arrowhead-leaved duckpota-
toes, or wapatos. Their tubhers (particularly those of Sagitieria
latifolie) incline to be
rather large (see pl. 44
showing relative size of
tubers of 8. latifelic and
8. platyphylla) for duck
consumption,andordinarily
they are buried too deeply
to be readily available un-
less in. soft mud. Though
both plants are plentiful in
many parts of the country
their tubers have been used
in significant quantity in
only a fesv instances, and
therefore it appears that
the high repard that has
been accorded them as duck
foods has not been fully
merited. Sagittariacuncata
j& usually a lower plant
than 8. latifolic and its tubers average smaller, but the most reliable
means of identification is by the seed: The seeds of 8. cuneate have a
minute snberect beak (pl. 43, B), wheveas in 8. latéifolia the beak is
long and either horizontal or diagonal.

Moure 39.—Range of Sagitieria cunezts,
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Other species of Sagittaria,

Other species of Sagittaris, including the linear-leaved 8. sudu-
lata and §. eristata, may be useful as duck foods, but at pres-
ent their status 1s uncer-
tain.

Lophotocarpus calyeinus (pl, 45 fig,
411},

Recent field observations
along the Illinois and Missis-
sippi Rivers indicate that the
seeds (achenes) of the large,
arrowhead-leaved plant Lepho-
tocgrpus  calyeinus are eaten
commonly by shoal-water ducks
and may be of considerable local
valug. The head of seeds pro-
tected by the enfolding calyx
appears to persist intnet longer
than in Segittaria and thereforo
may be more available for
cousumption.

Damasoninm californicum (8g. i .
42}. W aLagD nccorn

Vﬂzﬂe-_Locany fEL:LI"; in Fistre $0.—Range of Sayittarie latifolin,
spite of an extremely re-
stricted distribution fanly large quantities of the seeds of Damasonium
have been recorded from two duck stomachs in one California locality
{Chico).

Parts consumed. — The seeds (achencs).

Identification. — Dama-

P G sondum is somewhat similar

WS %@"‘{HG“&L\E to its relative, waterplan-

o i s b

= g_f% tain (Alisma), but differs
‘%&m j.sé:é g N

in having fringed flowers

%‘\ and long-beaked seeds.
7 \Lﬂ, Envivonment. — Shallow

water or mud.
Propagation—DBy trans-
plants or by seed.

BUTOMACEAE: FLOWERING-RUSH

Butomus umbellatus: Flowering-rush
{1d, 46, 8},

The fiowering-rush, a Euro-
pean immigrant, has bhecome lo-
cally abundant on the St, Law-
B o wsse | Penee River and at the southern
[0 e st end of Lake Champlain, and
recently has been found in the

Fiu'ms 41.—Range of genus Lopholovarpus, Lake Erie murshes near U'olede,

Ohie. Curreant investigotions

Indicate that It may prove to be a usefnl duek food. The plant pro-

duces numerons slender corms gt shailow depths, A nember of these

corms constitufed about half the contenis of a green-winged teal stomach

collected late in Qctober 1933 just wworth of the Lake Champlain beds. The
plant cah be readily propagated by corms, rootstocks, or seeds.
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BYDROCHARITACEAE: WILDCELERY, FROGBIT, WATERWEEDS
Halophila engelmnnnii (pl. 46, A).

It appears probable that Halophile engelmannii, 1 marine plant of Florida
and Texas coasts, is fed upon by ducks, but substantinting evidenee is wanting.
Halophile is distinet in having
its oblanceolate or elliptie, ser-
rylate leaves in whorls of five,

Anacharis (Elodea): Water-
weeds (pl. 47; fig. 48). :

Value—Generally slight.
Though waterweeds have
wide distribution and are
rather commeon, they pro-
duce seeds rarely, and the
records of thelr occurrence
in duck stomachs are infre-
quent. A redhead collected
on the Potomac River, how-
ever, contained nesrly 600
of these seeds, which formed

£ rrmeme v half the stomach contents.

Figore 42.—DRange of Domagonium culiforaicn. Because the plants are

grown easily and rapidly

they are useful as a “salad” course for captive or cther grain-fod
ducks.

Parts consumed ~The seeds (small fruits) and Jeaves.

Identification. — Water-
weeds resemble naiads (V-
Jes) in severs] respects, but
the leaves differ in not be-
ing broadened at the base.

nwironment. — Water-
weeds grow submerged at
various depths in fresh
water—generally on mucky
bottoms.

Propagation—By trans-
planting fragments of
growing plants, The stems
root readily in water,
They grow rapidly, and
since they sometimes be- %
comescdense as to ¢choke out . e P
other vegetation theyshould : £2) smssrem aee
be introduced only where B s wecem
more valuable aquatic spe- TFIGoke 43.—Range of genus Asacharis.
cies cannot thrive.

Species—There are several species in the genus Anacharis, but A.
canadensis (pl. 47, A) and . occidentalis (pl. 47, B) are the most
cominon,
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Vallisneria spiralis: ® Wildeelery (pl. 48; fig. 44},

Valuc—Excellent; a large southern form (pl. 48, D) common in
spring-fed streams and lakes of the Gulf coast from Florida to
Louisiana does not seem to be so valuable as the northern type (plL
48, 4 and €). The southern
form has been found with
an abundance of mature
fruit during late December
in Sumter County, Fla.; in
the North the fruits matuore
from September to early
November.

Parts  consumed. — The
underground parts and the
Teaves und podiike fruits.

Identification—Thetape-
like teaves and the spirally
coiled, slender stalks on
which the elongate fruits
are horne serve as distin-
euishing characters.

Favironment. — Wildeel-
ery Zrows in tresh water at Frivne d4.—ltange of Fallisncrin spirelis,
depths of 1 to 5 feet or more
and oceurs submerged or with the upper part of its leaves float-
ing at the surface. The plants thrive in water having a sluggish
enrrent and appear to make the best growth on bottoms having
a large proportion of =and or coarse silt.

The greatest beds in the
country are found in the
fresh-water sections of the
tidal streams along the At-
Jantic Coastal Plain. Inthe
Potomac River they extend
downstream from the fresh-
water section to a point
where the salt content, dur-
ing the average growing
season, is about 18 to 28 per-
cent of normal sea salinity.
Bourn (6) has shown exper-
imentally that wildeelery
could not be grown success-
fully in concentrations of

[ ennme | Sea water greater than 12
# »weee | percent or in water with a
Flerruy 45.—Range of Limwabinm sponyia. total conoentration of salts
greater than 0.5 percent.
Propagation—By seeds, winter buds, or by trangplanting sprouted
portions of the rootstock.

A This speclfic name 15 consldered by some hotanists io apply only to the Buvepean form
of Fallisneria,
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Thalaesia testudinum: Turtlegrass (pl, 49%.

DEFPT. OF AGRICULTURE

Turtlegrass (Thalgssin) is frequently associated with Cymodocee and Halo-
ditle in constal waters of the Gulf region, and recent feld investigations

indicate that it bas some value as = duck food,

Its leaves are somewkuat

similat to those of eclgrass but ure coarser and more firm.

[ ramerms e
I

B T mgom

Limnobiume spongia: Frogbit
(pl 50: fig. 45).
Value. — Tair locally;

though froghit occurs
throughout the South, it has
been recorded from duck
stomachs in signifieant per-
centages only in Aveyelles
Parish, La.

Parts crnsumed. — The
nmany-seeded fruit,

Identification. — T he
heart-shaped outlines of the
lcat blades of froghit, to-
gether with the pad of
spongy, purplish - colored
tissue on the lower side of

FIGUIE 18 —Tange of (iyeerin stricka,

floating leaves, are adequate
for identification.

Environment—The plants float on the surface of fresh-water
ponds and swamps or grow on muddy bottoms from which the wuter
has receded. They withstand a considerable degree of shade.

Propagation—Dy young

plants sprouted from the
prostrate floating stems or
rootstocks, and probably by
seed,

GRAMINEAE: WILBRICE,
MILLETS, CEREALS

WILD

Glyceria striata:
(pl 81; fig. 46).

Vadue—Fair.

Parts consumed. — The
seeds (grains).

Identification.—It is im-
possible satisfactorily to
characterize grasses withont
reference to technical de-
tails. Mannagrass (pl. 51)
is generally 1 to 3 feet tall

AMannagriss

REE

el

{32
e, L]

BRETIIY ahmnantt
1 st wance
!3 [T

B neLcr o

and has flat leaves, some of
which may be subnierged.

Fieere 47.—Range of Fluminea festucacen,

Environment—Shallow fresh-water ponds, hogs, nmiarshes, and in
moist soil; often thriving in considerable shade.
Propagation—By division of root clumps or by seeds.
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Related species—Several other species of Glyceria ocenr in marshy
places, but . strigta is the only one with a record of considerable use
by ducks.

Fluminea festucacca: Whitetop (pl. 32 tig. 47).

Seeds of whitetop have been recordsl from stomach examinations from only
one loeality, Ouk Luke, danitoba, but it may well he that within its limited
range, the plant ix used consid-
vrably, particularly in sunnuer,
lts seeds ripen and £all by wid-
Jily, hence summer stindies of
the feeding activiiies of ducks
in the uorthern prairvie broeding
grounds are necessary for a de-
termination of this plant’s true
vitine.

Eragrestis: Lovegrnss, tealprass.

Thongh the genns Ervgrostis
is large and some of its specics
are plentiful in meadows or
lowlauds that are suljee! to
setisonal inundatioos, (he valne
of the group v duck foed
n=mtlly  appeirs fo be slight.
The seeds or spikelets were - : e P—
found fo be an important pintait (] e i
food near St. Charles, Ark., and & e mie
wore recorded in small quantivy
from three  olher  Joealitios. Mcrne S —=Range of genus Disticklis,
Alone the Mineis River thoe
common species £ b ppuoides is known by the name “reslgrissT and is considered
g (air food for shoal-wider dueks wlhen the moist depressions in whieh it thrives
sre Booded in Il by high wnter,

Distichlis: Saligrass (pl. &4,

T UL_HJ \-(:;; ]H—'. '"‘”»
@L i ib{{(, ,\l Tw/ue.—Locally fair

m Parts consioned. — The
_ seeds {grains).

Identification—In com-
bination, the following fea-
Lures are falrly diagnostic:
Creeping scaly l‘ootstockS'
numerous divergent, some-
what invelute (m 1'olled)
leaves on erect branches;
and short, dense panicles.
These are rather rigid
wrusses and average abont
1 feot in height.

Envivonment. — Salt-

. grasses grow on alkaline
Figuns 40.—Range of Nparting afterniffora, flats or In Semldr}' salt
matshes,

Propagation—By means of rootstocks and probably by seeds.

Species.—Listichlis spicate is the common saltgrass of coastal
marshes, whereas D, stricta and D. dentata are confined largely to
inland alkaline areas of the West.
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Hordenm pusillam: Little barley.

Though an sonual grass of widespread distribution, little boarley probably
is ordinarily unavaiinble as food for ducks because it dees not thrive om lands
that are permanentiy marshy. Reeords of its use are confined to La J unta, Colo.,
where its grains were taken in large guantity by gadwalls and by baldpates
{wigeons). The plants resemble small editions of cultivated barley and are
also shmilar te Hordcum nodosunt, except that the latter is perennisl,

Leptochloa fascicularis: Sprangistop {pl G4},

Limited stomach data and some feld evidence indicate that the warsh or
aquatic grass sprangletop may be of considerabie loeat value as n duck food in
Louisiana and in the lower MMississippi rogion. It thrives bost in semidry
muarshes or dry lake beds,  Its seeds ave small but numerous and readily avuil-
able. Further study of its consumption will be desirable.

Spartina: Cordgrasses {pls. 55—
57 and 127, 8; fig. 49).

Value. — Usually slight,
locally fair,

Parts consumed. — The
seeds {grains). The root-
stocks of Spartina alterni-
flora are a valuable source
of food for geese and also
ave eaten by brant,

ldentification. — The
compact, oblong - linear,
one-sided spikes arranged
atfernately on the inflores-
cence ave characteristic of
the cordgrasses. The leaf
margins are often involute

) @ weeeen | {inyolled).
Fuivws 56, Range of Leersiv oryroides. Environment—Members
of the genus Sparting com-
pose a very large proportion of the vegetation en brackish coastal
marshes. 8. pafers furnishes most of the salt-meadow hay along the
Atlantic coast, and S. alfernifiora, known locally as tide grass, is usu-
ally restricted to the lower sections and onter borders of the marshes,
where it is subject to regular inundation by the tides. In addition, two
species mhabit meadows and muarshes of the interior.

Propayation—By perennial rootstocks in the useful species, and
probaf)ly by seed.

Species—Spartina patens, a slender, few-spiked form, and 5.
alterniflora, a somewhut coarser plant, dominate much of the marsh-
land along the Altantic and Gulf coasts. In the same range occurs
8. eynosuroides, which is a giant type with many spikes and grows
commonly on the edges of sloughs, canals, and pon{{). 8. spartinae
and 8. bakeri ave tufted planis of the Guilf region, the former dis-
tinguished by its erect ancl tightly appressed spikes and the latter by
its large tussocks with long, narrow drooping leaves. 8. gracilis and
8. pectinate are the two inland species, the former, com aratively
slender, being the more common occupant of allsali areas. 8. leiantha
is the Pacific coast representative.




FOOD OF GAME DUCKS 47

Leersia oryzoides: Rice cutgrass {pl 58; fig. 50).

Value—~Fair to locally goed. This plant formed more than one-
fifth of the food of 87 mallards collected during November in the
flood plain along the Illinois River. Small quantities of the seeds of
Leersia virginica and L. lenticuluris also have been recorded from
duck stomachs, but these species appear to be of only slight import-
ance as duclc foods,

Parts consumed.—The rootstocks and seeds (grains).

Identification—The finely saw-edged leaves and the broad, flat
spikelets are charactevistic.

Favirovaent—Rich, moist s0il in bottom lands of rivers, fresh-
water marshes, and swamps. Rice catgrass iz particularly adapted
to growth in marshes that dry out during the latter part of the grow-
mg season and are ab times

subjected to severe flooding. . \ W'W‘L@}h KT ‘\
Propagation.— By voot- Qéi & \w
stocks ov by seeds. g ??'{»%
3

Zizania: Wildrice (pls. 59-61;: ¥ - 9
fir, D). 3 f

Value—Lxcellent,

Parts consumed. — The
seeds (grains).

Identification—The par-
titioned cavity of the stem
{pl. 61}, the long vodhike
seeds {pl. 60, &), and the
differentiation of the in-
florescence  into  separate Dine e WL B

. N i Ej.u.;-q.n-n
stamitnate  and st Wlate @ noarts wEs
portions (pl 59, B) are
distinctive. Tt is one of
the best known of North
American wild-duck foods and has been widely published upon (S,
89, 17, 44, 70).

Environment —Ideal conditions for wildrice growth inelude shallow
fresh water a few inches to 2 or 3 fect deep, with sufficient cireulation
to prevent stagnancy, and a bottom composed of fairly deep muck or
fine soft silt. ~Along the fresh-water sections of tidal streams it is
often found thriving in marshes from which the surface water is
drained completely twice a day during normal low tide.

The beds of the broad-leaved form of wildrice along the Potomac
River extend downstream from the fresh-water section to a point
where the salt content is equivalent to about 2 to 3.5 percent of normal
sea salinity during the average growing season, but at the lower limit
during dry seasons the plants are frequently destroyed by increased
brackishness. Water brackish enough for t%le salt to be tasted may
be considered unsuitable for the propagation of this fresh-water
plant. Seofield (70, p. 8) states that when water is appreciably salty
to the taste it is unsuited for the growth of wildrice.

Propagation.—By seeds, broadeast in fall or early spring.

Fiotrg a31l—Rumee of Zizenie aquatice {ncluding
variely angustifolio)
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Specics —Zizania zz?uatz'ca is the larger form of wildrice with
large leaves (frequently an inch or mors wide) and with compara-
tively narrow grrins., It is most abundant along the Atlantic coast
but 1s locally common also in the interior as far north s the southern
half of Minnesota and Wis-
et z consin. Z. aguatice var. an-
gustifolia, sometimes called
northern  wildrice (most
abandant near the Cana-
dian border, but extending
southward to New York
and Nebraska), is 2 smaller
plant  with comparatively
narrow  leaves (generally
less than half an inch wide),
thicker grains, and firmer,
prominently nerved glumes
that prior to maturity ave
usuaily nearly white,
% —— Zizanie tewana, & peren-
(J~eeeree | ninl species, with prostrate
¢ memer |oor  decumbent stems, is
Figuns Ot,—Runge of Pospalum distichum. known only from the vicin-
ity of San Marcos, Tex.,
where it grows in rapidly flowing water.” At present its value to
ducks is unknown, but efforts are being made to ascertain its useful-
ness and adaptability {o growth elsewhere.

Paspalum (pls, 62-64; figs. 52—

53},

Value—Locally fair to
good and occasionally eaten
i large quantitics, more
than 2,600 sceds of P. bos-
clanwm having been eaten
by a mallard collected dur-
ing December in eastern
Louisiana.

Parts consumed., — The
seeds {grains).

Identification—Paspalum
seeds (in their enclosing
glumes) are usually some-
what hemispheric and are
generally flattened on one
side and convex on the fiGree Sl—Range of Puspeium bosciungm,
other. Ordinarily they are
broader {more nearly circalar) than in the closely related grasses
Panicwm and Echinochioa,

Environment.—The species of Paspalum that ave useful as duck
food oceur on moist ground or in marshes in the Scuth. 2. boseig.
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num is of value principally in moist places that are flooded only
after the end of the growing season. P. distichum grows either

in moist

places or shallow fresh water and at times has been

found thriving in moderately Lruckish or alkaline soils.

Propagation. — By root-

stocks or stolons, except in
the case of P. boscianum.
which requirves seed plant-
ing,

Species—laspalum bos-
cianum {pl. 63), known as
bull paspalum,isa purplish
or brownish annual species
with brown seeds. P. dis-
tichum, known as knot-
grass {pl. 62), and the
closely related P. vuging-
fum have been recorded
from Louisiang duck stom-
achs, and the former species
i available for use in the
irrigated alkali areas of the

o e o
PTG

CIErpree—

[ i e

PA W bt s

Southwest and California.

Panicum (pl. 84; fig. 543,
Valie—Iair,

Frivee 5 —Range of Pawicwm dichatomifiorum.

Parts consimed —The seeds (grains) in enclosing glnmes,

ZA e

LA el raodantd

g b

B naars moon

FoUnE §o.—Ronge of Eehinschioa colonum.

Identification. — A large
and diverse genus in which
the seeds resemble those of
Paspalum and Echinochloa
but are generally biconvex,
narrower, and poinfed.

Envirowment.— Panicum
habitats range from dry
soil to aquatic (fresh-
water} situations.

Propagation.— All the
species valued as duck food
are annuals and require
planting by seed.

Species —Narious species
of Panicum have been eaten
m small quantity by
ducks. Full panicom (2.
dichotomiflorum), which is
comparatively outstanding

in value, thrives particularly well in low places that are flooded after

the end of the growing season. Maideneane (P. hemitomon), a

common emergent aquatic or marsh piant in the South, flowers
TR0 ——y
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early and but rarely has any seeds at the time when northern ducks
arrive. Switchgrass (P. 2irgatwm) has widespread occurrence on
the outer margim of marshes but is not significant as a duck food.

.:j“ ‘\

i Echinochloa: Wild millot (pls.
Y Y G360 and 121, 4 ; figs. 55-57).
‘“-"\,5 Value—Excellent.
: w Parés  consumed — T he
f;‘b seeds (grains enclosed in
_ f - . glumes),

' - ITdentification—\Vild mil-
lets are rather coarse an-
nual grasses with flat feaves
and fabrly dense panicles.
The various species and va-
rietics are diverse in ap-
pearance, particularly as re-
gards presence and length
._ of awns. The seeds resem-

B coar e | DIE those of Paniewsn and
N Ormemewa 3 Paspalum but have a more
pronounced hump on the

FIGCHE G6—Rauge of Hekinoohlon erisgalli, rounded back and a more

tapering apex,

Lnyironment —Vurious moist or marshy places—generally in
fresh-water situations but sometimes in the presence of mild brack-
ishness or alkalinity., Wild millets are abundant rice-fecld weeds
and thrive particularly
well in seils that are sub-
merged by au few inches of
water during the early part
of the growing season bui
are exposed later in the
summer and autunm,

Propagation—DBy seeds,

Echinochloa colonum (pl. 65,

4 lig. 55).

This is occasionally an im-
portant duck food of the
southern rice fields. It isa
comparatively small species
with rather narrow leaves
and with smooth (awnless) i G R
spikelets arranged in about N G, Wy
four rows on nearly vertieal { g £ e ara
branches of the panicle. FiGtin 57.—Range of Echinochloa acalferi.

Echinochloa cruagalli (inclusive of varieties) : Barnyard grass, Jupinese millet,
Lillion-dollar grass (pls. G5, B and €, 66, 4, und 121, 4; g 56).

The widespread, common type of wild millet sometimes ecalled
barnyard grass (£ehinochloa erusgalli) is the most important species
of its genus and ranks ns one of the best duck-food plants of shal-
low marshes and moist soils. Usually the panicle appears bristly
because of its awns or hairs but some varieties are nearly or quite
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smooth, In the Northern States a small sceded form (var, mitis),
with short-awned fruit, predominates around the horders of
marshes, and a nearly awnless form (var. Jrumentacea), known
locally as Japanese mil-

let and billion-dollar

grass, is occasionally

found escaped from

cultivation along the

borders of fresh-water

areas.

Echinochloa walteri {pis.
G5, D, and GG, B tig, 57).
A large species that
occasionally reaches a
height. of more than 9
feet in the Southeastern
States and is usually
hairy and long-awned.
The seeds are smaller
than in . erusgadli and
of less importance as
a ducle Tood, Tt fre-
quenfly is abundant in
mildly brackish parts
of southern marshes
and in the vicinity of
the Great Lakes, and it
i1soccasional aiong other
inland fresh-water sit-
nations.
Other species of Echino-
chloa.
Zehinochivg crus-
peronis of the Guif re-
gion and £, paludigens
of Florida have not yet
been recorded as duck
foods.
Setaria (Chaetochloa):
Pigeongriasses (figs, 58
aDy.
T alwe —Generally
slight, but locally fair
to  good; apparently _
taken chiefly 1n tempo- PickE 38.—Sefarin Luteseons, X 4o ; seeds ¥ i
rarily flooded fields,
Parts consumed—The sceds (grains enclosed in glumes).
Identification—The bristly, bottlebrush type of inflorescence is
fairly distinctive. The seeds are strongly marked by many trans-
verse wrinkles,
Environment—Various moist places, such as meadows, cultivated
fields, and grassy margins of ponds and lakes.
Pmpagatzbn.—-Chiegy by seed ; Sefaria geniculata by rootstocks.
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Species—The seeds of 8. lutescens and §. viridis are the only ones
that have been noted in duck stomachs. The former are larger and
have been used more extensively.

Cereal creps: Rice, corn, sor-
L _ "${\ ghum, l?)?lrle)', whent, oa(;s.

. A large proportion of
the grain eaten by ducks in
certain localities has repre-
sented bait {particularly
in the case of corn and
wheat}, but a far larger
share of the grain con-
sumption hasresulted from
gleaning activities by mal-
lards and pintails in har-
vested flelds.

The crops most  fre-
quently gleaned are rice,
corn, and sorghum, though
barley and alfalfa (a
legume} have both been
used in large quantities
near the Salton Sea, Calif., by various species of shoal-water ducks.
With fow exceptions, stomach records of wheat and cats have been
based on bait rather than on glenned seed. In the Praivie States
and Michigan, however, during rainy seasons ducks ure frequently
known to glean such grains
{and buckwheat also)
from stubble fields,

Firee 08— Range of Sefarie indcseons.

Oryza sativa: Rice (diz 60).

Rice farming not only
furnishes ducks with an
abundant source of wrel-
ished food {waste tice),
but in addition it favors
the growth of weeds that
are excellent duck foods,
notably wild millet, red
rice, and smartweeds.

The chief centers of rice
production are in castern
Arkansas, coastal Louis- £ rrmeme mame
inna and Texas, and the Lo
S&crmnento Va]]ey of Cali_ Fiegue (0. —Arous of ries production in the United
fornia, and each of these sentes.
sections is recognized as an important duck-concentration area.
Formerly the constal sections of South Carolina and Georgia were
particularly attractive to waterfow! becsuse of their extensive rice
plantations, but these passed out of existence about 25 years ago.

Bl cacortar wmomnte
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In Louisiana and Texas a considerable proportion of the rice con-
sumed by ducks is the red variety. This is a ~veed very closely re-
lated to cultivated rice and is considered one of the worst rice-field
pests in the United States because it ripens and shatters earlier than
the cultivated rice. Although a good food, its dark color renders it
objectionable to the American trade, which demands white rice. Ia
many areas the feeding activities of mallards are reported to have
been an important factor in controlling this weed.

Rice screenings have been used fo some extent as bait in Louisiana
and Arkansas, and in the Southeastern States small plots of culti-
vated rice have occasionally been planted and left unharvested to
attract waterfowl—at present an illegal practice.

Zea mays: Corn.

Prior to the curtailment of the wnsportsmaniike practice of bait-
ing waterfowl] on shooting grounds, corn was more widely used than
any other cereal for this
purpose. Consequently
numerous stomach records
have indicated the nse of
corn as bait in various parts
of the country, but & num-
ber of records from West-
ern States show that corn
has been gleaned from har-
vested or hogged-off fields.
Mallards are known to feed
occasionally on standing
corn in flooded areas.

Sorghum wvulgare: Horghum,
Dwart milo (fAg. G1).

In the Panhandle sections
of Texas and Ol{lahoma, Ficura Gl—aAreas of grain-sorghum production in
sorghum is the main item the United States,
of food of the thoustuds of mallards that concentrate there cvery
winter, Their habit of feeding on serghum has brought numerous
complaints from farmers who have neglected to harvest and store
the crop as soon as ripe, or who, because of weather conditions, have
been unable to do so.

Ducks undoubtedly relish the grains of all kinds of sorghums, but
the variety known as Dwarl milo appears best adapted to waterfowl
use. The short stature of the plant is an asset if the crop 1s to be
left in the field for ducks to harvest. It is also claimed that this
variety is particularly tolerant of drought and neglect.

CYPERACEAE: CHUFA, BULRUSHES, SPIKERUSHES, SEDGES
Cyperus (pls, 87-69; fig. 62).

Value—Excellent Jocally on flood lands; slight to fair, generally.
Parts consumed.—The tuberous structures of (Pyperus esculentus
(and possibly of other species) are used extensively in certain locali-
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ties; the seeds (achenes) have frequently been taken in small guan-
tities.

Identification.—The inflorescence (frniting portion) usually con-
sists of numerous rigid branchlets bearing flaftened spikelets in either
a spreading or sometimes a compact arrangement on a triangular
{or rarely round) stalk. Usually there are three or more leaflike
bracts radiating from the base of the inflorescence.

Environment—Marshes, moist soils, and low areas subject to pe-
riodic inundation.

Propagation—By tubers, corms, or rootstocks in the perenniul
specles; by seeds in the annoal,

Cyperus esculenfus: Chufa, gromd slmond (pls. G7T-G8; fig. 62),

The tubers of chufas {(often known by the name “ground al-
mend”) have provided much food to ducks in situations subject to
seasonal flooding, In a se-
ries of gullets of 11 pintails
and 8 mallards collected in
the fall of 1935 at Cata-
houla Lake, La., nearly 94
percent of the total contents
consistedd of chufa tubers,
most of the gullets contain-.
ing more than 300 each.
In the Illinois and Missis-
sippi River bottoms excel-
lent growths of chufa have
been noted producing tubers
in dry lake beds after the
water had disappeared late
Dy in July (pl. 68, B); when
T\ B weeme | submerged by fall rains

) # owrew | they form valuable feeding
grounds for shoal-water
ducks. Nurserymen recom-
mend that chufa tubers be planted in fairly sandy soils between
April 1 and June 15 in the proportion of about 1 bushel per acre
and at a depth of zbout 1 inch.

FIGENE B2 —~Range of Cyperus csewientus.

Other species of Cyperus,

Sceds of Cyperus strigosus (pl. 69), O. feram, (. erythrovhizos, C.
hochstetteri, and numerous other species have frequently been used
by ducks in small or moderate quantities in various parts of the
continent, but they rarely constitute an important source of food.
Seeds of . erythrorhizos, however, were tound to be an important
winter food of 11 ducks of 4 species collected in the White River
bottoms, Ark., in December 1936,

Eleocharis: Spikerushes (pls, 70-74; figs. 63-G7).

Value~—TFair to good (locally excellent) ; the square-stemmed and
the jointed spikernshes are of special value in the Southeastern and
Gulf States.
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Paris consumed.—The seeds (achenes). In Eleocharis parvula the
tuberous structures on the roots are eaten.

Identification—Spikerushes are characterized by unbranched, leaf.
less stems {culms) topped by a single spike. The seeds bear a special
caplilce structure {the tubercle}. Many species have & minutely retic-
ulated seed coat.

Environment—>Most of the species of Eleocharis occur in moist,
marshy situations, but several kinds grow emergent in shallow water
and a few are normally submerged.” Several species, including Z.
palustris, B. parvda, E. albide, E. rostellata. and E. cellulose tolerale
a moderate degrec of braclkishness or alkalinity, but on the whole the
genus is more characteristic of fresh-water places.

Propagation—The morc valuable species are mostly perennial, and
propagation by means of rootstocks 1s recommended in the absence
of data on seed-germina-
tion requirements,

Eleocharis equisetoides anad E.
interstincta: Jointed spike-
rashes (pl. 70; fig, 63},

The jointed spikernshes
are comparatively coarvse,
tall (2 to 3 feect high)
species with larger seeds
than most. other members
of the genus. The sofl.
cross-partitioned stemys (pl.
70, B) ave marked on the
surface by encireling rings
at fairly regular intervals. P
In Lleocharis interstineta, . Y %:"__'“_:“
the rings (join{s) are close FAEECTTR P e et
together near the tov of the %) # o e
plant (pl. 70, 4); whereas
. the closely related
species L. equisetoides, the intervals between rings incline to be
greater, DBoth species grow in fresh-water marshes of the South-
eastern and Gulf States, 7. equisetoides has proved (o be a valuable
ducl food in the region extending from northern Fiorida to western
Louisiana; it is somewhat tolerant of shade. . fuferstineta is com-
paratively loeal in distribution and therefore is restricted in
utility.

Frorne Gl.—Rangr of Bleocharis equiseloides,

Eleccharis quadrangulata: Sguarestem spikerush (pl. T1: By G).

The squarestem spikerush is an important fresh-marsh waterfow!
food of the Atlantic and Gulf Coasta] Pluin, where its seeds have.
been found in the stomachs of nearly a dozen species of ducks. It is
a rather robust plant with larger seeds than most other spikernshes
and with four-angled (or rarely three-ungled) stems 2 to 314 fect
high. Tt should not be contused with the less valuable slender, tri-
anglestem spikerush (Z. 7obbinsit). The square-stemmed species fre-
quently produces small white tubers with a texture similar to that of
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the potato, and these are also of some value as a waterfowl food. The
plant generally grows in water less than 18 inches deep, but it
will withstand total emergence for considerable periods if the soil
remains wet. Important beds have been found as far north as Dela-
wave, but the seeds have

) o w“f:}:‘,-f-, e been noted in greatest num-
21 ;; {;‘i""ﬁw e % bers in stomachs of black
Bk 0BT ;
f\ T NS T~

g £ SFRES . ducks, pintails, and teals
- A fl = i, collected along the Santee
é’ L - "’“M.:" River in South Carolina
,s',,“ : . and along the Gulf coast.

Eleocharis parvula: Dwarf
spikerush (pl. 72, 4; fiz. 65).

The dwarf spikerush is a
popular duck feod in vari-
ous regions and grows best
on muddy margins or in
very shallow water of mod-
erately brackish or slightly
= | alkaline areas. In favor-
'@ s ome | able habitats it is frequently
found floating on the water
in large quantities after
ducks have removed the tuberlike growths from the roots. It is a
diminutive plant, sbout 3 inches or less in height, and is generally
rather stout-stemmed, as comparved with the hairlike stems of the
slender spikerush (Fleo-
charis acicularis) (pl. 72, B
and ). The Iatter is an-
other small species that is
also common but probably
less valuable as a duck food.
E. pareule may be propa-
gated by means of its tubers
or by transplanting groups
of young plants,

W\

et

Prgrrr g4-—Hange of Eleaeharis quudrangiiata,

Eleocharis palustris ({inclusive
concepr) + Common spikernsh
{pl. 73; fig. 6G).

The common spikerush
is probably the most wide- . ST
spread of the American spe- B4 (R,
cles. It is round stemmed, f\:{{ %
grows on land or in shallow — -
water, i}nd is ge’neraﬂy 1 or Faeng l’i.;.——R:mge\_glflieﬁ.:f:ﬂmris parveln and
2 feet high, but is extremely
variable as to size and other characters. Its seeds are commonly found
in duck stomachs, usually in small or mederate quantity. Blue geese
also have been found feeding on the culins in the vicinity of Hudson
Bay, and Canada geese are known to forage on it.

[
D [PV -y

W voLern wecoeg
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Giher specles of Eleocharis (pi. 74; fig. 67}.

There are numerous additional species of Eleocharis, including .
cellulosa (the Gulf-coast spikerush) (pl. 74, 4 ; fig. 67), £. paucifiora,
E. ovata, E. obfusa {pl. T4, B), and K. albida {pl. T4, €'}, the seeds
of which are known fo be oceasionally eaten by ducks. Z£. cellulosa
and £, albida grow best on
brackish soils, the latter
from Maryland to the Gult
coast. K. penciflora thrives
in northern calcareous situ-
afions, and its thickened
buds us well as the seeds
have been eaten by shoal-
water ducks in upper Mich-
igan.

Seirpus: Bulrushes (pls. To-83
und 137, H; figs, 6R-TR).

Vealue—Good o excel-
lent, lucidentally the root-
stocks of some of the three-

square bulrushes are excel- A ) 5] wann s
lent groose foods. e men
Puaris consumed. — The Piauves 68.—Range of Blearharis pelustris

Cinelusive voueep .
seeds (achenes).

Identification —The group is highly diverse, and some of its mem-
bers cannol be sutisfactorily distinguished fronmy other Cyperaceae
except by technical characters. The illustrations of species sheuld
aid 1n identifications in the genus. The most important bulrushes
. fit fairly well into the
'z\ three following types: (1)

Three-squares {triangular-

stemmed and with leaves
largely basal and inconspic-
nons) : {2} round-stemmed
Lulrushes; and (3) leafy
tr, | threc-angled forms. Not
51 all bulrushes fit definitely
¥ mto these three types, and
' only the outstanding species
are classed thus in the pres-
ent trentment.

Envivonment, — Various
fresh-water; alkaline, or
brackish marsh situations.

Propagation—The valu-
'E‘":‘T,““L able forms are perennial.
All species can be propa-
gated by rootstocks and a
few by tubers. Seeds zlso can probably be used, but according to
present meager information most of them require more than 1 year
to germinate,

MGeke GT.—Range of Plepcharis cvlluioga.
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Type I —Threc-squares
Stems (culms) triangular; leaves largely basal and not conspicuous;
involucral bract solitary. ervect. buvonetlike, appearing like an exten-
sion of the stem beyond the inflovescence; spikelets in a tight cluster.

Scirpus americanus: Common
threesquare (pis. 73, 4 and
£, and 76, A ; tig. 68).

Value —Good; usually
better seed producer than
its near relatives,

Purts consumed. — T he
seeds (achenes).

Identification—As com-
pared with its close ally
Seipps olneyi. this spectes
has rather firm stems with
flat or shallowly grooved
faces. and the involueral
Lract extends one to several
inches hevond the cluster
0] e | 0F lavge spikelets.

L'nrironment. — Com -
nionly on sandy soils on
lake margins but often along sireams or in marshes; sometimes
emergent from water a foor or more deep. It grows in either fresh-
water areax or in hrackish or moderately alkaline places.

Propagation.— By root- S —
stocks and probably by seed. L e @R

., et
R

F1aUke G5 —Danwe of Seirpus @mericanas.

Scirpus olneyi: Oiney's three-
syuare (pls. 75, 8 and €, anq
6, B; fig. 69).

Value—Generally slight
for ducks, because it often
produces a poor crop of
seeds and depends Iargely
on vegetative reproduction:
useful to geese and muvk-
‘ats,

Parts consumed, — T he
seeds {achenes). =

Identification—As com- y RIS (- PR
pared with Scirpus ameri- i B B e
canus, the stems of Ol @
ney’s three-square are sott
and have deeply concave sides and a cluster of small spikelets
near the tip.

Environment—Various fresh-water or mildly brackish marshy
situations, usually in vich soil. Maximum sbundance of growth 1s
attained in coastal marshes.

Propagation~—By rootstocks and possibly by seeds.

Frovug gh-- Range of Sefrng olnoyi.
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QOther species of Scirpus related to type 1 (pls. 75-78; figs. 70-71).

Torrey’s three-square (Scirpus torreyi) (pls. 75. B, b, and 77, 4 and
Bj; fig. 70} is a northeastern species that resembles the common three-
square (S. americanus) but
differs in having a Dblunt /\
tip on the involueral bract. ¥ N

-

NI e

3w

X
%

Its value appears fo le
Tair localiv. S, neradensis
(pls. 5, B. ¢, und T8, A4)
ig loeally common on west-
ern alkali flnts, but its use
by ducks has not been
noted.  Its stems vary
from triangular to round-
wwh, S.subterminalis
{water buhush), a slender
aquatic species, and 8. de-
Litis, n smail tufted torm
(pls. 13, B, a, nnd T8, B)
have bwen recorded locally
or in limited extent.

FThe swamp batlrush (.S Frine 70, itange of Nejrpis (oreegl
chiberentatusy {pl 76, €
fig. 71) has proved valuable loeaily, partienlavly in southeastern
aeid-water marshes baving much humns; in northern Flopidy,
i has been eaten frequently, especially by rving-neeled  ducks.
This bulrush 1s rather
intermediate between {ypes
toand 3@ 0t is brianguelar.
stepmmed  and - somewhat
jeafy and has long spike-
fets arranged loosely on
bhranchlets. Tts height is
usunlly 4 to 3 feet.

L (0 et

Pype 2. —Rounhd-sienned
Biirushes

Stems eylindrieal; leaves
basal and reduced; involu-
eral bract solitary, erect,
cylindrical and  usually
%:ﬁ:“‘:’“ short spikelets generally
s wneaes |0 Ioose, branching pan-
jeles  though sometimes
clogely elustered,

btirng Th—Hame of Seivpes cluberesiofas

-

Scirpus validus: Seftstem bulrnsh (phe T 8, and 80, .4 G T

T,
Value—Slight {o {ir; generally not abundant enough o be im-

portant.
Parts consumed —he seeds (achenes).
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Identification.—The stems of the softstem bulrush are bright green
and also are distinet, 45 its name implics, in being soft and lax,  The
small spikelets (about one-
fourth inch long) are
usually a bright rusty
Lirown,

Enrironment. — Fresh-
water situations, usually in
rich soil. Often this bul-
rush forms small patches in
beds of Seirpus acutus or
among other marsh growth,
Because of its soft stem it
does not withstand heavy
wind or wave action so well
as the other reund-stemmed
Lulrushes; consequently it
usually is restricted to nrore
sheltered situations.

4 J Propagation. — By root-
Finore TL—Nange of Seirpng volidies, slocls and l)l‘(l]}ab]}‘ hy seed.

Seirpus acutus (5. oceidentalis): Iurdstem buirash (pls, 79, €. and 80, H:
fhr, THY.

Valuwe—Generally good; excellent in the West. This is the most
important of the round-stemmed bulrushes,

Parts consumed —The seeds (achenes).

{dentification—The hardsiem bulrush has faivly rigid. firm. dark-
green culms, often 3 to 7 feet high, and has large spikelets (abaut
half an inch long) with
grayish brown scales.

Fnvirenment —This bul-
rush telerates various kinds
and qualities of soils, and
though it is most commaonly
found in fresh-water areas,
it alse thrives in mildly
alkaline or slightly braclk-
1sh places. It grows either
emergent from waler or on
wet land and is an excellent
pioneer plant on hard-hot-
tomed lakes, producing =z
huffer against wind or wave
action and thus permitting
aquatic plants to min a
footheld on bottoms other-
wise unfavorable. In the
latter situations it has frequently Leen noted thriving in water 4
feet deep.

Propagation—By rootstocks and probuably by seeds.

E AN aaganry
[ saasmns e
[ wmststans mamea

@ mienis aceors

Fierng V.—Range of Seirpus acufus,
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Scirpus heterochaetus: Slender buirash (pl. 79 D, fig. 74).

Vafue —Fair,

Puarts consumed.—The sveds (achenes}.

Identification —Similar to the hardstem bulrush (Scirpus acwtus)
but has more slender stems and each spikelet is nsually isolated on o
separate branchlet of the
panicle instead of being in
clusters of fwo or more.

Envivenment—F resh-
water lakes and marshes.
In the upper Mississipp
River bottoms, this is the
most common of the round-
stemmed bulrushes, ulmost
entirely yveplacing S acnfus,
which is more widespread
and aburdant in the adjn-
cent  upland  lakes and
marshes.

Propagation—By rool-
stacks and by seeds

Scirpus californicus: Sonihern
bolrnslh fpls, 749, AL amd B
¢ fig 7).

T ultne —Fair.

Purts vonsumed —The seeds {achenes),

fdentification—The southern Imirush s a very tall species {often
reaching a height of 12 feet) with diffuse panicles of many spikelets.

It iy the common Jarge bhol-

rush along southern coasts,

including the South Atlantic
¢ from Bouth Carolinasonth-
ward), the Gulf of dMexicn,
and California north to

Sun Francisco Bay.
Frvironment—Chieflyon

rich soil in fresh - water

marshes, but also thriving
in open, sand-bottom lakes
and in shightly brackish
marshes,
Propagation—By  root-
stocks and probably by seed,

Frorun T - Wange of Seirpis hefcerochaciis.,

by
L

Tupe  J—FLeafy Threr-cuyled

\ A [ wetrm oo Batvrushes

® o ieoms Stems triangular; leaves
Flarng . —Hange of Seirpua celifornicus. several or numerous, gen-

erally conspicnous; involu-
cral braets usually 2 or 3, flat, leaflike and radiating from the base
of the inflovescence spikelets either clustered or in panicles.
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Scirpus fuviatilis: River bulrush (pis. 81, €, and 137, B; fiz. 78).

Value—Slight, locally fair. The river bulrush depends prinei-
pally on \emet.ltl\e reproduction und rarely fruits well. The seeds
have h‘equcntl} Leen consumed by a variety of ducks but generally in
small quantities, In most aveas its exceedingly rank growth and
harsh foliage mike it an an-

] ;ﬂkﬁg\ M desirubie competitor witht
15-‘, / %‘ﬁu bhetter duck foods.
§. »z%’fi Parts consumed.—T'he

seeds (uchenes).
fdentdfication.—In  this
species  the spikelets are
disposed loosely on spread-
ing branches of the panicle
and the plant usnally grows
bargrey tllmn its near rela-
tives — oflen  reaching a
height of more than 5 feet.
Fueironment—Ii thrives
best in shallow fresh-water
. "1 Eewrans| marshes of bottom-land
- /—-wt‘"‘\ [ wemcrss e iakes or siremng and 1s most
. \J) D= [ tuxuriant in marshes that go
Fracas 75 Range of Sepus fuciatitis, dry during the fatter half of

{he growing season.

Propugeaiion—03y root-stocks or by the woody tubers.  Ouvdinarily

the encouragement of this species does not appear advisable,

Scirpus robustus: Saltnuirsh limlrush (pis. 81, A, and 82, 4 fig. 7).
Talue—Good to excellen! in coastal marshes,
Parts consumed, —The  wseeds {achenes).,
[fdentificution—The salt-
marsh bulrush 2 the only
three-angled, leafy bolrush
that is widespread and
abundant incoastal marshes,
Envivonment.—Drackish
marshes that are flooded
only by the higher stages
of the tde.  Along the
Poiomae River this bal-
rush extends upstream from
the strongly brackish
marshes at s moenth to a
point where the salt content
averages shoul 15 percent
of normal sea salinity (vary-
ing tfrom about 14 to 17}
during the ordinary grow- ,. 3
ing season. The finest beds Frovei: V. Hange of Scirpus robasfus,
along the eastern side of
Chesapeake Bay were found to have a sult content. varying from about,
12 to 80 percent of normal sea salinity during the summers of 1985 and
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1936, and during both seasons acid conditions prevailed in those
murshes, as indicated by pH readings (footnote 13, p. 128) from 4.3
1o 5.6 in the densest beds of this species,

Propagation—By rootstocks or by seed.

Seirpus paludesus (8. campes-
trisy: Adkali hatrush (s 81,
B.82 B, and s3: B TS).

Talue—Good to excellent
m o owestern alkali areas.
Welmore {87 veportedthat
on the Bear River marshes,
CUtah, although the seeds be-
zin to mature in July aud
August, and many of them
dreop o the pround. a con-
siderable  proportion are
held o the dry spikelets un-
tl the following spring or,
early summer, thus snpply-
mg a goml source of fod
when the seeds ol most
duek-food  plants are not
avaiinble,

Larts eonsimed —The seeds (achenes).

Hdeniifieation—"The alkali bmirush and the viver bulrash (S fu-
riadilisy are the principal intand species of type 3 (three-ungled
Teafy speciex). The former Is Jdistinet in having thicker spikelets

in dense clusters and s
s ”ri‘.*é-‘q?\- U Mm_u:-:ustm!ly average wbout

‘3\ A ™ \k}\B 3 feet, whereas the fatter

G\?‘L\_-\:_:}-“Q};{‘\_;& often attains a height of

£ Lo & feet. Bath  frequently
' have furge, hard, tuberouos
growths on the rootstocks
(uot used by ducks).

Fuvirowmen! — Particu-
larty ahundant in slkaline
areas of the (treat Plains
and  (Great Basin,  often
forming  extensive  stands
there in shallow water or
semidry marsghes; also lo-
ctlly abundant in the brack-
ish marshes of the New
England const.

LPropagation—By root-
FuGcnr T—Range of Rynehospoie corniculuta, 210(‘}{3, t|.ll.i.]€1'$, and probabl}'

v soed,

P R T —=tange of Seirpas pelidose,

T T

Otlier species of Scirpus related to type 3.

Scirpus cubensis, n zouthern small-seeded, eyperuslike species, has
been taken by u large series of shoal-water ducks in one overflowed
area in eustern Louisiana but apparently has not been of importance
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elsewhere. S, afrovirens, S. cyperinus (woelgrass) (ph 137), and
other related, minute-seeded species are frequent in fresh-water
marshes and meadows but have no apparent food value for ducks.

Rynchospora corniculata (including R. macrostachya): Beakrush {pl. 84;
tigg, T%}.

Talwe~—Rynehospora cornienlata has large flattish sceds that have
been mueh used by ducks in the Okefenokee Swamp, Ga., and in
smaller quantity clsewhere along the Gulf and South Atlantic cousts.

Parts eonxumed —The seeds (achenes).

fdentification—The stems {culms) are generally trinngular and
somewhat leafy: the seeds, like those of Klrerhiaris, have a beaklile
cap {tubercle). Imt the inflorescence s not spikelike.

Fnvivonment —Bogs, swanmps. and constad marshes.

Propagation—With few
O‘ES‘%U
: 55 :“i‘?

exceplions the beakrushes
_ g

arg peremnizt and ean be
)
T
. N YN,
:;t; . % . fl/- L

propagated by rootstocks
Lor transplants as well as
hy seed.

Related species—\Various
other specles of Lypachos-
jore have been used by
ducks to a small extent.
The beakrushes are gener-
ally  of slight  value to
ducks, though faiv loealiv
in the Southeast.

Cladium jamaicense (. effu-
i sum): Sawgrass (pl. 54, B
L] rremrima figs, BU-51).

FETTE

Pigiug So-Panee of {Tadium jrmnicemere, I(H’H(‘:——F:Lll‘: used h}'
duclks commonly insmall or
moderate quantily in the Guit region.

Parts consunied —The seeds (achenes),

{dentification~—The long, slender. siw-edged lenves and the tall
{5 to 9 Teet), rigid stulks topped by clongited, plumelike inflores-
cences are typical. Sawgrass often forms almest hupeneteable
growths, and its leaves can inflict severe cuts,

Environment.—Usually in less than 3 feet of waler in fresh or
moderately bruckish marshes, and at elevations less than 100 feet
above sea level. It is the dominant plant in much of the Ilorida
Everglades and is also abundant on the Iandward side of the Guif
coust marshes, where it withstands complete emergence for extended
periods.

Preopagation—By rootstocks ov by seeds; ordinarily not desirable
for planting, because its 1ank growth is likely to clioke out more
valuable food plants.

Related species —In the eastern half of the United States the seeds
of Cladivar muriscoides, @ smaller species thuan suwgrass, have been
found in ducic stomachs oceasionally in small quantities. A third
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North American species, (' mariscus of the Pacific coast, has not given
evidence of being of value as a duck food.

Carex: Sedges (figs. 82, 83, 8G).

Value—Generally slight o fair: in the northwestern parts of the
continent the seeds are used considerably by ducks.

Parts consumed.—
The seeds {uchenes
In perigynin).

Tdentification—
Sedge Teaves are usu-
ally grasslike, but the
infloreseences {fig, 86,
Y if present,should
he sufficient to iden-
tify the plants, The
perigynium: (seed
container) s gsoaliy
boaked {fig. G, 7)
and thin-walled ane
Isuniquetothisgenus,

fuvirannent—
Moist meaclows, hogs,
i marshes.

Propagation—DB y
rootstocks or by seed,

Spe cies—C o v e
deeomposita. . ros-
frate (fig. 83). ' ln-
puliformis, €. »i-
paria, and G. grandix
have each been ve-
corded from duck
stemachs 12 or moww
(imes, and numerous
other species less tre-
quently.  According
to field observations
. lynghaed and
sifchensis have been
consumed freely hy
ducks on the const of
Washington, amnd
mallards in midsum-

Fierie 81 -~Sawrrass {(Clodinm jomaieonse) : A, sjreimon,

mer _]1:1\'(5 been noted # s, showine w0 small pact of the Ddloreseenee nnd the
feedmg freeiy on the saw-edped Teaves ; B, whale planl; ¢ and D, semls X 8,

secds of GG vew t with vuler parts vemoved,

(stricta type) in the upper Mississippi River bottoms. (. lasiocarpa

(fig. 82) has been used in large quantities nenr Lalke Puckuaway, Wis,
Much remains to be learned about the relative nierits of the various

sedges, as the genus is Jarge, embracing more than 500 species in

North Americn.

TG e - 5
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Frrre B2 —Range of Corer
tusiaearpa.

Fiours S3.—Range ol Caerer
rostraty,

e [ s aame
‘\I‘\ /—\.‘r““»\l e

K/;F\@a;;f‘“ N

Figrne S lL—=Ruange of Meftrandra
rirginica.

[ sevmear emmees
[T e v
A, [T vt e

R
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Other genera of Cyperacene.

Other genera of the Cyperacene, inetuding Psilocarya, Fimdristylis, Dichro-
ntena, and Sclerin have heen recorded from duck stomnehs in quantities too small
to be of consequence.

ARACEAE: ARROW-ARUM
Peltandra virginica: Arrow-nrum, duck-vorn ‘pls. 83, A, and 141, B; fig. 84),

Though arrow-nrum is common in fresh-water or slightly Dbrackish marshes
and shailow lakes und thongh it produces an alnmdance of large rather feshy
seeds (berries), it has given litéle evidence of valne to ducks other Ehan a
few wood ducks,

LEMNACEAE: DUCKWEEDS

Spirodela, Lemna, Wollfia, Wolfiella: Duckweeds (pl. 86; figs. S5, 87-90).

Value—TFair to excellent; greatest utility in the lowlands of the
Mississippi Basin,

Parts consumed.—The cntire planis,

Identification—Duckweeds are minute floating plants ranging in
shape from oval or nurrowly tongue-shaped to spherical. Stems and
ordinary leaves are lacking, but some species have fine roots on the
lower side.  While these

nre frne flowering plants, N {rwé"@}\n V%\
reproduction is usually ac- C;L\J . Qg‘«xffs_iw?

complished by budding
new plants (fronds) from
clefts in the edge of the
parent plants. This process
results in the common colo-
nial aggregations of two
or mote individuals, Hicks
(32) reports that in Qhio,
Spirodele polyrhiza is
deeply pigmented when
growing in mildly alkaline
waters  and  that  Lemns
minor also frequently pro-
duces some red pigment
under like conditions.

Environment.—The sur-
face of quiet, fresh water
in sheltered ponds, swamps, and streams, often in dense shade. In
the colder parts of their range these plants sink to the bottom of the
water m fall and rise again to increase in size and numbers in s ring.

Propagation—By troduction of living plants transperted in &
moist condition,

e
s

Fiuer K&, Mange of Sperolele polypriize.

Spiredela polyrhiza: Big duckweed (pl. 86, A and F fig. 83).

The big duckseed is a rather coarse species with several roots on
the lower side and with a thicker body than in duckweeds of the
genus Lemna. It is roundish ovate in outline, nearly one-fourth inch
long, and has a dark dot on the upper (green) side and usually is
purplish on the lower side. Because of its wide distribution and
local abundance it is used considerably by ducks. In Ohio, Hicks
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(32) found it growing best in nearly neutral water, pH 6.8 to 7.5,
but he also recorded it in water ranging from pH 5.9 to 7.9.

Lemna trisulea: Star duckweed (pl. 85, B fg. 87).

The plant body of the star duckweed is thin and somewhat trans-

parent and is ovate to lanceolate in shape.

e
i,

s

@-—A

4
- !

Fraany S6,—Carer roatrale : A, speclmeay, ® 40 8 and O,
seeds, X 8; O, secds witls outer cover

retoved.

It is often more than

one-fourth inch long,
and frequently three
or more individuals
are found attached
together in cross
fashion. This duck-
weed grows either
floating at the sur-
face or snbmerged.
Hicks {22} found
that it thrives best
in moderately acid
waters, recording it
from waters with a
pH range of 4.9 to
7.3,

Lemna minor: Duck-
weed {pl. 86, C; fig. 88).

Lemnae  minor 1s
probably the most
cominon of the duclk-
weeds, It often com-
pletely covers small
areas of still water
and is wvaluable be-
cause of its abund-
ance, The plant
Lody, which is oval
te elliptic in outline,
is about one-eighth
inch long and has 2
single, slender, white
rootlet on the lower
side. Hicks (3%) re-
ported that it toler-
ates o greater range
of acidity and alka-
linity (pH 4.4 to 7.9}

than any other duckweed, but flourishes best in slightly acid water

(pH 5.1to 6.7).

Other species of Lemna,

Of the several other species of Lemna, probably all have some
value as duck foods, but information on this point is incomplete.




Fiorwe 8T.—Rapge of Lemng
friznled,

D FremL et
D [ET IR

e 80, —Range of genns sifiu.

F T 4 R8.-—Range of Lemna
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Wolffia: Watermenl (pi. 86, D ; fig. §93.

The tiny, glohose, green bodies of watermeal are the smallest
kmown flowering plants—about one thirty-second of an inch in
diameter. Though both

TN Wolffia columbiana and T,

@) G&“}J punctate have been noted in

) & =) duck stomachs, they appar-

; S " " ently are not nearly so im-

— portant zs the larger duck-

? B e weeds. Hicks (32) found

¢ \ f . that these two species grow

_ B ‘ best in nearly neutral

N waters {pH 6.4 to 7.4).

Woiffiella floridana (pi. 88, B;

fig. 90).

Wolffiella has been re-
corded 35 times from duck
stomachs, but in small guan-
tities. The plants, which
are narrow, tapering bodies

FrICRE $0.—Runze of Welfielle foridana. about one-third of an inch

long, ave thin and somewhat

transparent. Commonly several of them form starlike aggregations.

Flcks (32) found this species in only moderately acid water {pH 4.8

to 6.8). Two other species of Wolfiella grow 1n California, but at

present they ave not of rec-
ognized duclk-food value,

COMMELINACEAE: DAYFLOWER

A plant of the Commeli-
nacese, which appears 0 be an
Aneitema, grows abunduntly in
the muarshes near Charleston,
8, €, and its sceds hutve heen
consumed by ducks.  Prether
invesfigation of its valne ix
planned,

PONTEDERIACEAE: PICKEREL-
WEEDS, WATERSTARGRASS

Pontederia cordata: Pickerel-
weed {(pls, 85, B, and 141, 8,
fig, 914,

Value—Slight to locally
fair.

Parts consumed.—The Merar 91 —Cambined range of Pontederie cordata
seeds (utricles). and P. luncestala.

Identification—Pickerelweed is distinet in its spike of bright blue
flowers and in its lance-shaped or heart-shaped leaves with rounded
bases (as compared with the poinfed bases on leaves of Peltandra

and some species of Sagittaria {pl. 40)).

Enpironment—Usually in mucky soil in shallow ponds, streams,
and marshes of fresh or slightly brackish water. Along the James
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River, Va., this plant has been noted thriving in water with g salt
content equivalent to about 2.5 percent of normal sea water during an
2VerRge growing season.

Propagation—By rootstocks or by seed.

Related species—The narrow-leaved southern form of pickerelweed
{Pontederiu lanceolate) (fig. 91) is probably similar to £. cordate in
having limited duck-food value.

Heferanthera dohin: Waterstargeass (pl, 1337,

Waterstargrass is 1 coinmon, widely disrributed aguatie. Imé sromach studies
have revealed only slight jndications of s nye by ducks.  The plant has raiher
rhick luear leaves and small yellow fowers, and oedinarily eccurs in miucky
bottoms,

The sceds of n reiated, broag-leaved species of Heteranthera {nppuarently
H. pedunenleris) formned the major proportion of ihe food of a pintail colieeied
at Riverton, IKans.

MARANTACEAE: TIHALIA
Thalia.

Limited evidence at hand (three records) shows that thalin his some valge oy
i dick food nnd that ity morits deserve investgation.,  Two inaltirds, eapintroed
af B Yineent Island, Pla., bad eaten 144 nad 2, respoctively, of the large seeds ;
and the stormach of # jesser seau fduck, taken nf Carlisle, La., contpined one seed.
Two species ol Phafie occur jn the Southenstern ung Gulf Coast Sintes,

MVRICACEAE: WAXMYRTLES, BAYBERRY
Myrica: Waxmyrde, bayberry iz 102},

Ualue —Slight to fair,

Parts consumed.—TL | seeds (nutlets).

ldentification—The plants ave shrubby with resinous leaves and
clusters of whitish, wax-coated globular “berries™ horne on numerous
short stallks along the branches.

Enviranment—Moist ground in fresh or stightly brackish situa-
tions, chiefly near the coast.

Propugation—Dy transplanting small speeimens und probably by
rooted cuttings or by seed.  Barton {J) has hown that the seeds of
bayberry (Myrice carolinensis) should be subjected to about 3 months
of cold temperature to obtain successful germinntion; best results
were obtained by stratifying these seeds between moist layers of
aranulated peat moss and storing them at temperatures of 5° C.
seeds may be planted outside late 1n fall and mulehed or covered with
boards—if planted too early they are likely to germinate and be
killed betore spring.

Species—The bayberry (Myrica carolinensis) is usually a lower
growing species and has larger frait than the waxmyrtle. It thrives
best on sandy ridges just back of coastal beuches, where it often aids
greatly 1n anchoring shifting sand, but it grows also on the edges of
marshes.

The waxmyrtle (L. cerifera) is most common along semishaded
swamp borders near the coast north to Maryland, but it also thrives
on the higher kmolls in the open coastal marshes. It apparently has
been used more frequently as a duck food than other species,

A western waxmyrtle (47, galifornica) is sometimes found on moist.
flats along the Puacific coast, but there is no evidence that it is sought
by ducks.

Alnus: Alder.

Alder seeds have been caten by ducks in u few northwestern localities, hut
in guantities too limited for the gonus to be regarded as a sonrce of duck food.

BETULACEAE: ALDERS
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FAGACEAE: OAKS
Quercus: Oaks,

Value. — Bxcellent locally; mallards, biack ducks, and wood
ducks have fed considerably on oak mast in swamps of the
South Central and South-
ern States.

Parts consvmed. —The
ACOTDS.

Species.—The ousks that
have small ucorns and grow
in or near low or swampy
places are most valuable to
ducks, but some of the spe-
cies that produce large
acorns also have been used
to a lesser extent. 'The most
useful species are southern
red oak {Quercus wrubra},
water oak (. nigra}, wil-
A low oak {@. phellos), live
e, | oak (Q. virginiana), and

Matun BL—Combined ronge of Mpdee corifera and !)!‘Il Oak (Q _paZHStm) a'nd
M. carolinensis. 1ts near relatives,

%

URTICACEAE: WATER-ELM
Planera aquatica: Wator-elin ¢ figs. 93 941,

Value—Generally slight or nil; locally (and periodically} excel-
lent in the lower Mississippi region. As the fruit ripens and falls
late in spriag or carly in
summaer, it is available for
the northern ducks only
under unusual conditions,

Parts consumed.—The
seeds (nutlike fruits).

Ifdentification—The
water - elm resembles the
American hornbeam (Car-
pinus carolinieng) in the
appearance of leaves and
in general habits, but is dis-
tinet in its peculiar seed,
which is covered by an
irregular coat with feshy
fingerlike projections. _ -

Envivonment. — Borders 30 o et
of swamps and river bot- ® manis srcone
toms subject lo periodic FiGeRs 93.—Range of Planera aguatica.
flooding.

Propagation.—By transplanting seedlings or small trees as well as
by seed,
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POLYGONACEAE: SMARTWEEDS, DUCKS
Rumex: Docks.

V alue—Slight.

Parts consumed.~—The seeds {achenes),

Identification.—The lurge rusty-brown spikes, consisting of whorls
of winged dry fruits, are typical of docks. The sharply triangular
seeds are also distinctive.

Environment—Moist or marshy fresh-water or mildl y alkaline
places,

Species—Dock seeds found in duck stomachs include Rumex
persicarivides and R. crispus and sone undetermined species,
Polygonum{Persicaria):

Smartweeds (pls. 87—

$5; figs, 95-104).

Value.— Good to
excellent.

Parts consumed. —
The seeds (uchenes).

fdentification—

Polygonum, a genus
of annnal or pereu-
nial alternate-leaved
herbs, may generally
be identified by the
thin,somewhat trans-
parent, or rarely
herbaceous, sheatl:
(ocrea) that encases
the stem: for u short
space above each
joint. The biack, or
sometimes brownish,
seeds and the spikes
of pink or white
flowers are also char-
acteristic.

Environment—
Usually found in
rich, moist soil or
shallow marshes; a

few species grow o ‘\: N { AR
emergent or floating -_ wgm?w“y j ¥ {

in water, and some

= T, W
are common on dry —"3?“‘;“}*}*3& ) pr—
Imnd. The genus is I (Y
icullv = Fres)] BEPISM
typicul:y qneof Tesi- Fiotar f4—Hranches and seeds of water-olm (Planert
water situations, aguatica}, X %

though the water smartweed (P. amphibium) and the marsh smart-
weed (P. muhlenberyii) tolerate milc{ alkalimty. The former is also
often found thrivingin moderately acid watersin the Northern States.

Propagation—By vootstocks (In perennial species) and by seeds
planted late in fall or kept in cold storage for several months at

-
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near-freezing femperutures. Because the seeds of most smartieeds
germinate slowly, stratification between moist Inyers of finely ground
peat moss will probably be desizable.

Polygonum lapathifelium: Nodding smuriweed {pls. S7-88, 4 fiz 95,

T alue—Excellent.

Parts consumed.—The sceds (achenes).

Identification—A rather tall {3 to 6 foot} conunon, annual species
with densely flowered drooping spikes and tflat. nearly cirenlar seeds.

Environment. — Best
growth occors in moist,
rich soil on exposed fiats or
near the water margin;
common in shallow Iresly
or slightly allealine marshes.

Dropagation—By seed.

Polygonum  portoricense (P.
densiflorum): Smartwoeed
fig. 063,

Viedvwe —ELzomd,

Prves consumed —"The
seeds {achenes}.

fdentification. — £ ol y-
gt portoricense is  a
rither  ecourse  smartweed
with long tapering leaves,
dense {flower spikes, uand
somewh at ]ens—shaped Frarpe 0%, dtanze of Mofpgannm wmulicnhergii
seeds.

nvironment—Swamps and marshes of the South Central and
Guif States.  Luxuriant growths have been found along the swampy
amargins of the St. Francis River, northeastern Arvkatmas,

Propagation—DBy transplanting yooted purts or by secd.

Polygonum amphibium: Water smartweed (pls. S00; fig, 97).

Palue —Good to excellent,

Parts consumed.—The seeds {achenes).

Jdentification—"The perenninl water smartweed commenly grows
semisubmerged in shallow water. The oval or short-cylindric spikes
ot pink flowers and the floating, shiny, elliptic or oblong leaves dis-
tinguish it from the closely related marsh smartweed (Polygonum
mhlenbergii). The terrestrial form of £, amphibivm (pl. 903 has
a bread herbaceous sheath at each jolnt, and besides being quite
different in general appearance it is usually sterile.

Environment.—Iresh, moderately acid, or mildly alkaline water.

Propagalivn —By rootstocks or by seed. Germination experiments
with seeds collected on August 28, 1935, in New York have been re-
ported by Muenscher (47). At the time his notes were prepared for
publication {early June 193G) he had obtained germination of 26
percent {after 45 days in thie germinator) from seod that had been

—

stored for T months in water slightly above freezing temperature
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{1° to 3° C.}). Up to June 1936, no seeds had sprouted when stored
dry for 7 months at near-freezing temperature, when stored dry
at ordinary room temperature, or when kept in water at room
temperature.

Crocker (73) reported that by rupturing the coats of dry seeds of
this smartweed he obtained a germination of 85 percent, but he does
not record how long the seeds had been dry or at what temperatures
they had been kept. Muenscher reported that seeds stored dry {and
also wet) for 5 months in the manner above described failed to germi-
nate after the seed coafs had been opened and the seeds had been
subjected to germi-
nating conditions.

Polygonum muhlen-
bergii: Marsh smart-
weed (pls. 91 and 122,
B figs. U8-90).
Value. — Good to

excellent.

Parts consumed —

The seeds (achenes).
{dentification—

The marsh smart-

weed 15 closely re-

lated to the water
smartweed (P, am-
phibium) but can be
distinguaished by the
more elongate flow-
ering spikes (usually

2 to 4 mnches long in

P.omdddenbergit and

fess than 1 inch long

i P emphibium).

The Ieaves of the

aquatic form of /.

mhlenbergii (pl. 91,

Y commonly have

somewhat broadened

or cordate bases and
acute or acuminate
tips, whereas thoese
of its near relative
are elliptic or oblong
and are generally
blunt-tipped.
Environment—Fresh or mildly alkaline lakes (at depths less than

414 feet) or marshy places. This plant is well adapted to withstand

fluctuations of several feet in wafer level. A sterile form is often

common on dry land and for reproduction depends chiefly on root-
stocks, When flooded by shallow water it fruits abundantly. If
this smartweed remains growing continuously in water for more
than 2 years there usually is a decline in abundance of plants and
also in production of seeds.

Propagation—By rootstocks and probably by seed. Seeds kept both
wet and dry at ordinary room temperature failed to germinate in the

/{1 X

F1 oy X .
L3 |:|l .l.'.]...\ . l‘,_g
UL RR

FioruR 0. — Oranch of water smpriweed o Polpyonunt
muhienbergit), X 4, showing flower spikes; sced, X S.

Ter




FOOD OF GAME DUCKS 77

laboratory. Storing near the freezing point for several months in
water or stratifying between layers of moist sand is apparently essen-
tial if the seeds are intended for spring planting. Late fall planting
is probably preferable where cold-storage facilities are not available.

Polygonum pensylvanicum: Largeseed smartweetl (pl. 88,0 8 figs, 100-101),

T glwe—Good to excellent.

Purts consumed —TFhe seeds (aclenes}.

FTdentification—The flowers of the largeseed smartweed are bright
pink, in thick, erect spikes, and the seeds wre the hroudest of any
nf the cireular, flai-
seeded type.

Environment —
Ficlds. moist mar-
gins, and shallow
fresh or moderately
brackish marshes.
Some of the finest
plunis have heen
noted on moist sandy
margins of the tidal
Potomac at a point
where the salt con-
tent of the water i
equivalent to about
18 to 25 percent of
normal sea salinity
during the average
Srowing SPason,

Propagation.—B y
zeedls.

Polygonum punctatum
(P. acre): Dolted
smartweed {pls H2-10,
A fiE 1Ry,

Value.— Good 1o
oxcellent,

Perts consumed —
The seeds (uchenes).

{dentifieation. —
The dotted smart-
weed is a perenniul
species with shiny
hlack seeds (usually
triangular) enclosed
in sepals that are
dotted with minute
translucent glands; '
the flowers are whit- Ba1yM

1 - - e ] Figens 100, — Flowering braneh of largesecd smartweed
ish and are borne in {Polygonum pensylianicnm), X 45 soed, X 8
slender spikes.

Environment.—Moist margins, in marshes and in gwamps.
Propagation.—By transplanting or by seeds.
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Polygonum hydropiperoides: Swump smartweed {(pls. 03, #, and 95, 4; fig. 103).
T alue—Good.

Parts consumed —The seeds {achenes).

Identification—The swamp smartweed is a perennial plant
with narrow leaves, fringed sheaths. slender. sparsely flowered
spikes. and triang alar
seeds. This species re-
sembles Polygonum pune-
tatusn, but lacks the gland-
ular dots on the structures
(sepals) enclosing the
small seeds and does not
have the strongly peppery
taste characteristic of many
smartweeds.

Environment—Molist
margins, marshes, and shal-
low water, It withstands
considernble shade and
grows under fresh-water
or moderntely acid con-
ditions. N :

Propagation—By trans- { ) wetstew sentt
planting or by seed. Seed-
ing in Tall is reconnnended
unless cold-storage facilities are available for steatifying the seeds
between layers of moist sand or finely ground peat mioss.

Fravee 1L —Ruange of Polpponum prrsicaria,

\’m.,.-s Other species of Palygonum

= ‘l’k {1{7{7( (pis. H-15, B g 104).
] C‘“ N&i Waterpepper (Polygo-
- aum hydropiper}, ladys-

thumb {P. persicaria) (pl.
94 . 104}, and tearthuamb
(P. sagittatum) {pl. 95, B)
have fair local value as wa-
terfow]l food plants, and
several other species have
been used by ducks in small
(uantities.

CHENOPODIACEAE: GLASSWORTS
Salicornia: Glassworts, pickle-

weeds {pls. 96-97; figs, 100-
107},

ancw arEeen

Fiorns 105 —iange of Soficorin bigdlocii, Falue. —"LOC"H)' fair to
good. Large quantities of
glassworts have been used by ducks along the Texas ¢ coast, and field
observations indicate that the same is true locally along the Atlantic
cousl.
Parts conswmed —The seeds und adjoining parts.
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{dentification—The young stems and branches of glassworts have
a somewhat glassy appearance, which is due to their succulence
and semitransparency. The plants are leafless, and the numerons
joints of the stems are marked Ly slight constrictions.

Envivonment.— Strongly
saline or alkaline flats. Ac-
cording to Wiche (88, p.
333}, Salicornia europaca
(pls. 96, B, and 97, A; fig.
106) of the coastal tide fla(s
thrives best in situations
that are flooded by high
tides only onee in 2 to 15
days. After a plant has
become established, daily
submergence by tides does
not inhibit growth. On
flats that are Hooded every
day a high percentage of
the seedlings usually are

oo ) Killed.  After they become
- — ——— = 2 | well anchored in the mud,
TR an i ot G U however, they can with.
stand daily submergence.
Propagation —By seeds, or, in the case of 8. wnbigue {fig. 107) by
rootstocks,

Species—Stomach records indicate that Selicornia bigelovii (8,
mucronnta) (pl. 96. A: fig. 105). an annual coastal species with
sharply pointed scales, has
been used extensively by
several species of ducks. In
November 1935 W. S.
Bourn noted a flock of
about 30 black ducks feed-
Ing actively on glasswort
(presumably S. ewropuca)
near Cape May Courthouse,
N.J

Nalicornia rubry and 8.
eurepaee are annuals with
biunt seales, The former is
confined to the West and
the Iatter fo the Tast (fig.
106.) 8. ambigua (fig. 107)
1s 4 peremial form. Ap- . L
parently all species have T\ D eimen e
duck-food value in localitios : ] @ e e
1\}\']1{31'0 the plants ferm dense Fiivns 107, Range of Swlicorai ambigua,

eds,

AMARANTHACEAE: WATERHEMPS, PIGWEEDS
Amaranthus- Plaweeds,

Seeds of pigweeds have boon recorded from stomachs in several wesiern
locaiities, but the percentages involved were small
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Acnida cannabina: Tidemarsh waterhemp (pl 98; fig. 108).

Value—Locally fair to excellent. On the coast of Connecticut the
tidemarsh waterhemp was found to make up about 65 percent of the
fall and early-winter food of a series of 10 black duecks, and an
equally large quantity had
been eaten by various shoal-
water ducks along the New
Jersey coast. Several of
the stomachs contained
1.300 to 1,600 seeds. This
species produces thousands
of seeds, and it is not nun-
usual for a single plant to
produce mare than 2 quarts,
unhulled.

Parts consumed, —The
seeds, with their enclosing
membranes (utricles).

Identification—The tide-
marsh watcrhemp is a stout B woorisr wvmeme
pigweedlike plant 8 to 7 or o
maoreg 'fl?l?t hi{.{h. with dark Frivuy 10~ Range of Aenida cannabing,

' falr size (about one-cighth ineh in

reddish brown, oval, flat seeds of
dinmeter).

- o : Furivonment. — Fresh or
) \W@Qﬁ& b brackish tidal marshes. par-
= ’_\%9% N o ticularly along the borders
e S [.W,’ - of tidal channels: thriving
' best on sandy muck in aveas
that are submerged only by
the higher stages of the
titles, It is often found
growing with saltmarsh
cordgrass (Sparting alter-
mefloray in brackish marshes
and with three-square
(Seirpus wnericanus and S,
olneyl) in the fresher
B werin e | MATSHES. Along the Poto-
Bl weesme | mue River it extends up-
O | ream from the strongly
brackish marshes at the
mouth to the strictly fresh tidewater at Washington, D. C.
Propagation—By seeds, preferably planted late in fall by raking
them nto wet soil. It is desirable to store the seods {at temperatures
near the freezing point) stratified between lavers of moist sand.
Seeds stored dry or in wuter have germinated farrly well also.
T0523°—39 -0

Fiaowe 114, - Hange of Corfopliplium demersnm.
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Related species—Acnida tuberculata also has been recorded
from duck stomachs, but it and other species have very small
seeds and low value as compared with 4. cannabing.

CERATOPHYLLACEAE: COONTAIL
Ceratophyllum demersum: Coontail, horawort (pl. 5%; figs. 2 and 109).

Value.—Generally slight to fair; locally excellent in the lower Mis-
sissippi region. In many places 1t is a serious competitor of more
desirable plants.

Parts consumed.—The seeds {achenes) and leaves. Though coon-
tail is widespread and often abundant, the production of seeds appears
to be comparatively uncommon probably depending on high tempera-
ture in shallow water.

Identification—The dense coontaillike fips of some branches and
the forking of the whorled leaves (fig, 2, p. 20) should distinguish
this plant. It never develops roots, although the basal ends are often
buried in mud.

Environment —Coontail is a submerged aquatic, free floating or
anchored, and is essentially & fresh-water inhabitant. It thrives well
either in dense shade or open-water areas. This plant, together with
the duckweeds, nsually forms the earliest dense growths of aquatic
vegetation in ponds that have been scoured out by floods in the
Mississippl Vulley, It requires less Ii%ht than most submerged seed
plants and consequently often is found at greater depths than other

species. In clear Ifloricda springs it has been noted growing at a
depth of nearly 30 feet.
Propagation—By living parts, particularly the bushy tips,

Plantings should be vestricted to fresh-water areas where more
valuable submerged species cannot thrive,

NYMPHAEACEAE: WATERLILIES, WATERSHIELD, SPATTERDOCKS
Nymphaea (Nymphezanthus): Spatterdocks, yeilow pondlilties (pl. 130, 1 ; figs.
110-111).

Value—Generally slight, frequently choking out more valuable
species; locally good in the case of Nymphaea macrophylla, which is
an important food of ring-neclked ducks i northern Florida.

Parts consumed.—The seeds.

Identification—In the spatterdock (Nymphaea) the leaf is oval or
elongate and its stalk is aitached neaver the basal end of the blade
than in the wlhite waterlily (Cesialia), which has almost eivewlar
leaves with stalks attached near the center. ‘The flowers have about
five bright yellow sepals and no conspicunous petals.

Ernwvironment.—Fresh- or acid-water ponds, lakes, and slow streams,
at modeiute depths (conunonly less than 6 feet) aud generally on
fertile or mucky bottoms. In the Dismal Swamp, Va., the spatter-
dJ?cthas been noted growing successtully in water with an acidity
of pH 5.

Propagation—By rootstocks or by seed. The seed should be kept
wet and should be planted late in fall or stored in water at low
temperztures until spring.

Species—Nymphaea advena of the East, N. macrophylla of Flor-
ida, and N, polysepala of the West have each been recorded from
duck stomachs, generally in small quantity. A dwarf species, ¥.
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microphylla, is often found in acid water, 6 to 10 feet deep, in north-
eastern lakes. Probably all the several other species of Nymphaea
are fed upon to some extent by ducks.

Castalia: 7 Watertilies (pl. 100

figs, 113-418). |

Value. — Generally fair;
locally excellent in Custalia
flave (€. mewicana); of
greatest utility to ducks in
the Gulif region.

Parts conswined. —The
seeds and, in O. flava, the
rootstocks and related parts.

Identification.— The
leaves are pearly circular,
and the flowers are showy,
with numerous (25 or more)
petals (fig. 111).

Environment. — Fresh-
water pounds, Iakes, and stow
streams at moderate depths
and generally on fertile
mucky bottoms,

Propagation—By rootstocks or by secds planted in fall or stored
in water at low temperatures until sprin g. 'The fact that shade caused
by the large floating leaves of waterlilies often retards the growth
of more useful submerged plants should be given due consideration.

LR - b

[:] [T T
D L Wl RAmEE

o 110, —Range of gonus Nymphueca,

Castalia odorata and C.
tuberosa:  Waterlilies
(pl. 100, ¢; fgs. 111-

1123,

Value—Fair; seeds
of both species have
been recorded many
times in stomach
studies.

- Parts consumed. —
The seeds.

ITdentificetion.—The
two commorn species
of waterlily are very
similar, but Castalic
tuberose generally has
larger flowers and its
Teaves are usually less

Fioons 111.—d, Spatterdock (¥ymphnce edvena); B, purplish underncath.

waterlily (Custelie tnberase), 7. odorata pl‘edomi-

nates in the acid waters of the Bast, and €. tuberosa in the calcareous
waters of the Middle West,

" The name “Nymphaea” s now applied to {his genvs by some botanists Lut this bulletin
follows the wsege of current manuals.
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Castalia flava (C. mexicana): Banana waterlily {pi. 100, 4 and B; fig. 113},

Value—Locally excellent in the Gulf region.
Parts consumed —The rootstocks, tubes, and seeds.

Identification—The vel-
lowish flowers and the un-
derground banang-like clus-
ters of reproductive struc-
tnres ave fairly distinctive,

Environment—TFresh or
slightly brackish water at
depths of one to several feet
and on rather mucky bot-
toms.

Propagation.— By root-
stocks, by the bananalike
structures, or by seeds.

Other species of Castalia.

Probably other species of
Castalia are used as duck
foods, as there are many
Ficuns 112.—Combined rmnges of Cestalia edorete Stomach records i which
“Castalia sp.” is listed. A
species with very small seeds and bluish flowers (0. elegans}
is locally abundant in important duck-feeding grounds of the

and O, tuberosd.

fresher marshes along the Gulf coast.

tNelumho pentapetnla (N. lotes):

Amerienn lotus (pls. 133, I, and

130, 4.

The American lotus, known
ils0  os  yonkapin, yockernul,
and water chinkapin, is abnu-
dant locally in the bMississippl
Basin and elsewlhere, but stom-
ach aunalyses ipdicate that ity
cxtremely bard, oval seeds ave
of practically no value as o duck
food. It oftens chokes out valn-
uble food plants,

Brasenia schreberi: Water-
shield (pl. 10%; fig. 114).
Falue—Fair to excellent ;

of greatest utility to ring-

necked ducks in Florida. K0 D) st
Parts consumed—The )@ o reone
Seedsa Usua-n.')’ in the small rigere 113.—Haenge of Costalie fave,
podlike fruits.
ldentification.—The leaves of watershield are distinct in being
complete small ovals (2 to 5 inches long) without any cleft and in
having a coating of gelatinous material on the lower surface.

Environment—Fresh- or acid-water ponds and lakes at moderate
depths (usually less than 5 feet) and on bottoms of considerable
fertility.
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Propugation—By rootstocks or by seed planted in full or
stored in water at low temperatures until spring.

Caggmba caroliniana: Tanwort {fi,

Fanwort is related to water-
shield and is common in the
South, hut ducks do not appear
to use if. It has finely divided
leaves and is used commonly
in nquaria.

RANUNCULACEAK:
BUTTERCUPS

Ranuncolus (subgenus Batra-
chium): White water butter-
cups (pl. 102; figs, 2, 115-116).

Value. — Apparventiy
shight; used often but gen-
erally in small quantity.
Since the seeds of water
buttercups o ften mature
early in summer, further
food studies on the breeding crounds are necessary to determine
their true value.

Parts consumed—The seeds (achenes) and to u lesser
extent, the leaves or other parts of the plants.

Identification. — White
water buttercups are com-
mon aquatics with finely
ivided leaves and (in
spring) with numerous
white floweis just above
the water surface.
4y Environment. — Tresh-
water ponds or lakes at
shallow or moderate depths
(occasionally 4 feet or
more). Fanunculus circin-
atus has been noted grow-
ing well in mildly alkaline

waters on the Great Plains,
B and B. aquatilis (B. tricho-
L wavnee | phyllus) in moderately acid
FicUne 115.—Range of Renuhertus eiveingivs (in- lakes of the northern tim-
cluding B. subrigidus and R. lonyirsgire). .
bered regions,

Propagation—By transfer of growing material or by seeds.

Species—Ranunculus aquatilis and R. circinatus are the wide-
spread white water buttercups, the former having fine, flaccid leaf
divisions and usually a distinct leaf stalk, and the latter having
coarser, more rigid leaves and no leafstalk. R. eircinatus is particu-

B e e
[} wecrmremt apm

@ velate srien

g 114—DRauge of Brasenie schreberi,
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larly plentiful in many of the lakes of the Nebraska sand hills and

in the upper Mississippi Valley.

Ranunculus (subgenera Halodes and Euranunculus): Yellow butterenps (pt
108; fgs. 1171205,

Though a number of the yellow-flowered species of Ranunculus
have been used repeatedly, none has been vecorded in significant per-
centages in  duck-stomach
studies., Most of them,
however, mature their seeds
carly, and it seems prob-
able that further informa-
tion on food consumption
by ducks during the nest-
g season and summer
will show that the plants
are of greater importance
than is now apparent.

S peoies—Ranunculus
eymbalarie (pl. 108, A, and
fig. 117} is a characteristic
marginal plant in moist
soil around alkaline lakes
and ponds in the West. 2.
Oy | Habellaris {pl, 108, ¢ and
Figras 110 —Ronge of Reevuncklas agralitis and its f), and ﬁg 118> and 7. Py

vieieties. shee {(Bg. 119} are amphib-
ian forms, found either in water or on moist land. The latter species
extends far northward, wheve it is available for northern ducks.
Since these two buttercups adapt themselves to successful growth
either in water {osually less than 4 feet deep) or on the exposed beds of
water areas, they have a
definite utility n situations
unsuitable for the growth
of most nquatic plants. £
seeleratus {pl. 103, B, and
fir. 120} is a conunon and
widespread warsh butter-
cup that produces an abun-
dance of seed carly in the
Frowing season,

HAMAMELIDACEARL: SWEETGUM

Liguidambar styraciflua: Nweet-
gun {figs, 121-122),

Valwe—Locally fair in
the lower Mississippi flond
lands; slight or nil clse-
where.

Pawr ts oconsumed —The Wiggia 117—Runge of Manuuwceins cymbalaria
seeds {including var, efping}.
sy

7 eomton nesce
[

@ nsuiee aicens

ldentification.~A tree having somewhat star-shaped leaves and
hard, globular, pendant fruiting structeres (fig. 122) in which the
winged seeds are borne,
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Environment—Bottom lands, slopes, and upland areas. Useful
as a duck food only during flood stages in lowland woeods.
VITACEAE: WILD GRAPES

K " Vitis: Wild grapes.
\"v\} T alue.—Slight ; used fre-

¢

&
f?;ﬁ quently i small quantities
By
i)

S S in the lower Mississippi

=l region.
= \3 Parts consumed. — T he
- entire fruits or the seeds.
Species.—Ofthenumerous
species of wild grape, sev-
cral have been used in the
lowlands of the Mississippi
Basin. Titis cordifolia, V.
cinereq, V. aestivalis, and
V. rotundifolic are com-
mon species of that vegion.
: ONAGRACEAE:WATERPRIMROSES
'\ i T Jussiaea: Waterprimroses (pl,
104; figs. 128-124),
Vatue—Slight to Jocally
fair. The creeping waterprimrose (Jussinea difusa) has proved fo
be of considerable value to ducls in the lower Mississippi region.
Larts consimed. — 2852 A
The seeds (in their } % -
podlike eapsules).
Tdentification.—
Prior to the develop-
ment of flowers or
fruit, seme water-
primroses resemble
smartweeds but are
distinet in having no
encirceling sheath
(ocrea) above the leaf
attachment.  All the
waterprimroses are
perennial, and their
yellow flowers and
cylindrical fruiting
capsules readily dis-
tinguish them  from
smartweeds during
later development.
Environment. ~—
Mud or shallow water
in marshy or swampy
places. The speeies .
grandifiora and J. dif-
fusa withstand fluctu-
ations between a sub-

mergi la han 4
t Dea ( ss than Fiorke 120—Leafy (wir and frult of sweetpum { Llguid-
feet deep) and an wubar giyracifice, x % ; seed, X A,

Frevnr 121, -Range of Ligeidambar stgroeifia,
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emergent condition and are tolerant of considerable shads. A species
of the open marshes, J. lepfocarpa, has been found to be of local
importance in the Scuthern States.
Propagation—By transplanting vooted parts or by seeds.
peciss—Several species of Jussiaen nre common in the South, and
in addition to definite records of use of J. diffusa and J. leptocurpa
by ducks, there are 17 stom-

ach records of Jussiaea in e e g
. . . Q-j:jc

which the species were not ) -ﬁ‘

determined. Most water- KL ( & S .'a%

primroses are creeping or PN [t =

decumbent, but J. Iepio- N D,:a :

e

carpe is an erect, much- B
branched, hairy herb that
commonly reaches a height

of 2 to 4 foet.

HALORAGIDACEAE: WATERMIL-
FOILS, MERMAIDWEEDS, MARES-
TAIL
Myriophyllum:  Wiiermilfoils
(L 105, figs 2, 125-197).
Value—Generally slight ey
to fair; locally good. f
Parts consuimed. —The
seeds (nutlets).
Identification—The submerged leaves of species that are of value
as duck food are somewhat featherlike in that they have many fine
divisions in two ranks on a central axis. In some common species
the leaves oceur in whorls
of four, five, and six, and
in others they are oppo-
site or alternate. In sev-
eral kinds the fruiting part
ig emergent from the water
and the leaves are usu-
ally smaller and less di-
vided than on the lower
part.
Environmend—Water-
milfoils are essentially
fresh-water aquaties that
grow at various depths,
sometimes at more than 13
EJ «omarmese s fopt, on either mucky or
% oot 1 sandy bottoms. Several
® e e | species withstand comiplete
Traoun 124 —Ronge of Jussivea diffisa. emergence as long as the
soil remaing moist.
Propagation~—DBy transplanting cuttings or by seed. Titcomb
{81) reported that at the Mammoth Springs

O remuivime

FiGrre 1280, —Range of Jussivea yruudiffora.

Ark., fish hatchery,
watermilfoil was easily propagated in ponds I)y simply covering a
handful of the stalks with a shovelful of earth at intervals of 3 to 6
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Frorne 185-~Innge of Myriophyl-
Liwt wpfeation Cineluding AL ecof-
Beseednx},

Fuir e 126, Rango af MWoro-
phifte e verticillatnmn,

Ireievee 127~ Rutame of 1 prip.
phptium federophyiinm,
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feet. When this was done late in summer or early in fall a fine stand
developed by the following spring,
Myriophylum spicatum (M. exalbescens): Watermilfoil (pl 1035, 4; fig. 125).

Myriophyllum spicatum is the most useful form of watermilfoil
n western and northern parts of the United States, there being more
than 2925 records of 1is

5 . re ] A Yo,

consumption by ducks, but L,..,,kﬁp\{%? 9

the quantities of seed eaten SN A

1t o e g
.

average rather small,
is a common species, with
emergent  fruiting  spikes
and uwsually with reddish
stems.  The plant tolerates
mild alltalinity and al
times becomes dominant in
shallow water in the North
Central States,

Other species of Myriophyllum.

Among the species for

which there are vecords of ; _ o

b X PPTITTT I W
use by duocks are Myrio- — - Y [ remims wone

phylthun seabratun, with ! ] ® amoes s

l‘UlIg]]-Slli'fﬁC{‘d nutlets ili‘!{l Frarpe Vis dlange of Prasecpinaea palusteis,

two types of leaves; M.

hetevophyllum: (pl. 105, O fig, 127) with conspicuous wndivided

feaves on the emergent truiting spike: 3. fenellum, which is practi-

ally leafless; and M. rersi-
ciflatum {pl. 105. B; fig.

1268), m which the large di-

vided JTeaves arve very

flaceid.

Proserpinaeaz:  Mernmidwoeeds
(k100 figs, 128120,
Value—CGeaerally slight;

locally fair; used many

times in the South and

Bast in small quantity.
Puarts consumed. —'Phe

seeds {nutlets).
Tdentification—Mormaid-

weeds are similar to water-
milfoils, but the fruit con-
sists of a triangular, bony,
Lo | three-celled nu ﬁet, whereas

m the watermilfoils it is

Fravee Bith—linage of Sroserpingey peoiinaio, made up of four distinct

and usually separable parts.

Enyironment—Shallow {resh water of swampy places. Proserpi-

nace polustris tolerates considerable shade and both it and P. pecti-

neta withstand fluctuations from a shallowly submerged (less than

3 feet) to an emergent condition.
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Propagation—By transplanting or by seed.

Species~The two native species known to be used by ducks are
P. patustris (including P. amblygong) and P. pectinata. In the
Iatter (pl. 106, 4) all the
leaves nre divided, whereas
in P. palustris {pl. 106, B}
the emergent leaves are
merely serrate.

Hippuris vulgaris: Marestail
fpl. 107; Ag. 130).
Value—Generally slight:

locally fair in the North

and Northwest.
Parts consumed, —Th e
seeds (drupelets).
Tdentification.—Marestail
is mormally u semisub-
merged aquatic with emer-
gent tips, Iis whorls of
LY=o [ unbranched, narrow, taper-
Fravi L Range of flippteis fulpareis, il‘lg' ieaves ,r_ri\'e the p]ant i
hottlebrush appearance.

Favironmen! ~Ponds, swanips, and lakes of shailow or medium

depth; withstanding moderate alkaline and moderate acid conditions.

When left totally emergent

by receding waters, the
plant continues to thrive as [, /} N
&

g \w‘*ﬁum\—‘ S
WA SN

long as the soil remains =

moist. N g ]
Propagation—By trans- o L(\;j-gc“’ L.J%

plants or by seed.

Related specics.— North-
crn species of  Hippuris
in Canada and Alaska ave
probably of considerable
Iocal value to ducks on the
breeding grounds.

UMBELLIFERAE: PENNYWORTS

Hydrocotyle: I'ennyworts (pl
108 figs. 131-133).

Value—Generally slight ; ! [ e s
]0(3111])’ fair in th(?, SOllt}l Foivue 101, Hamge of fdracafyle umbellato.
and Southeast,

Parts consumed.—The sceds (merocarps).

Identification—Penmyworts are creeping or floating perennial
plants with roundish leaves, which are scalloped or lobed on the
margins.
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Environment.—Diverse situations; often moist sandy places or
SWamps; sometimes growing in water with the apper parts floating
(particularly in the case of Hydrocotyle ranunculoides). The species
are tolerant of dense shade and sulphurons soils.

Propagation—By trans-
planting the creeping
rooted stems or by seeds
scattered on muddy
margins.

Species—The most com-
mon and most useful spe-
cies arve M. wmbellata, H.
verticillate, and H. ranun-
culoides. The many-flow-
ered pennywort (Z. wm-
bellata) is distinet in its
large terminal whorl (um-
bel} of seeds; the whorled
pennywort (K. werticillata)
has its seeds in series of
whorls; and the water pen-

N S ;
\J @ e | NyWoOrt (7. ramumeudoides)
Fracue 155, -Mange of Fuaeope monnieria, illffei'fi m hﬂ,\’i]lg lt"—} leaf
margins deeply cleft,
STYRACACEAE: SNOWBRELLS

Btyrox spp. ¢ Snowholls,

The dry fruits of snowhell boushes have boen constumed to ¢ limited extent in
the lower Mississippl region.  8fpuz is tolerant of dense shade nnd severe
#nctunfions In water level an periodically submerged woodlands, as in he
lower While River botioms of
Arkansus, the Caehe River bot-
toms of southern Ilineis, and
elsewhere,

CONVOLVULACEAE: DODDERS
Cuseutn: Dotiders,

Dodder seeds have often heon
found in small guantity in duvi
stomachs from various regions.
The fact that they are used is
not smuprisinge in view of their
frequent cecurrenee as parasites
on inarsh plants.
RORAGINACEAE: HELIOTROPES
Heliotropium curassavieum (H.

spathulatum) : Heliotrope { fig.

134).

Value.—Generallyslighi ; :
locally fair in the Gulf il (s
1'eg10n. & o ere micen

LPuarts consumerd, — The Mcous 136.—Range of Dacope retundifalia,
seeds {nutlets), _ _ )

Identification.—This perennial holiotrope is characterized by curved
spikes of small white flowers und by narrow, alternate leaves, coated
with a whitish bloom (glaucous).
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Envirenment—Chiefly brackish coastal beaches and alkaline flats
of the West.

Propagation—By seeds or by transplanting the perennial bases
at the close of the growing season or early in spring.

Reluted specigs.~—Heliatropium indicum, a larger species with bluish
flowers, has been found many times in small guantities in duck stom-
achs from Avoyelles Parish, La. It is lecally common on the lower
Mississippi flood Jands, often thriving in the dense shade of periodi-
cally submerged woodlands.

SCROPHULARIACEAR: WATERHYSSOPS
Bacopa: Wuterhyssep (pl. 109; figs, 135-156).
Value—Locally fair. _
Purts consumed —The seeds and other parts.

Identification—Waterhyssops ave semiprostrate, socculent plants
with opposite, simple, unstalked leaves and small axillary flowers.

The fruit consists of a
U%}‘\ (\
“% 'L\,B
L,

globular or oval capsule SNSRI

containing numerous Mi- |

nute seeds. ﬁw
Envivonment. — Molist \}

flats along margins of \\M%“" f! ;?E‘%’c'

ponds, and shallow water ! \ 7
(less than 114 feet deep); T .

common along coasts and
in the Mississippi Basin.

Propagation—DBy trans-
planting rooted parts or
by seec.

Speecies.—The roundleatf
waterhyssop (Bacopa »ro-
tundifolia) has its greatest
abundance in the middie
and lower Mississippl Val-
ley and the coastal water-
hyssop (B. monnieria), a
species with small narrow leaves (broadened toward the tip). is
a comumon coastal plant that often forms mats in shallow brackish
ponds. It was found that B. rotundifolia had Dbeen eaten in large
quantities by a series of five green-winged leals, a* pintail, and 2
ring-necked duck collected in eastern Arkansas, Many shoal-water
ducks have been noted feeding on the beds of B. monnieria along
the Gulf and South Atlantic coasts, and sportsmen and gun-cluby
superintendents at a number of points in the Southeast speal highly
of this species and have, to a limited extent, made efforts to increase
the local supply.

EA[aEIY sl rtaniT
A [ ] reten seme
i r_-l e aTa At

farnn 147 —NRonge of Qephialuinihine ocoidentnlis.

LENTIBULARIACEAE: BLADDERWORTS
Vtricularia: Bladderwort (pl. 1323 Be 2).

Bladderworts are submerged aquaties with finely divided leaves which often
bear numerous small bladders. Though the plants occor commonly in duck-
feeding areas, there are no definite records of their use. Tield observations,
however, indicate the possibility of a limited local value to dncks.
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RUBIACEAE: BUTTONBUSH
Cephalanthus occidentalis: Buttonbush (pl. 110; fig, 187).

Value—Generally slight, locally fair to good; used a great deal
in the lower Mississippi region, where it is extremely abundant.

Parts consumed.—The seeds (nutlets).

Identification.—A shrub commonly 5 to 10 feet high, with opposite,
simple leaves and with flowers and seeds in compact spheres.

Environment.—Swamps or other low moist places. The button-
bush is particnlarly abundant in the shallow water along the borders
of woodland lakes, where it withstands dense shade and severe fluctu.
ations in water Ievel,

Propagation.—By transplants or by seed.

COMPOSITAE: BEGGARTICKS, WATERMARIGOLE, GOLDFIELDS

Iva frutescenz: Mightidelush.

The highfide-bush {pl. 152, B) is a eommon plant in brackish consiat marshes,
hut its only record of usefulness as a dneck food was from a Middlesex County,
N. J., sevies of shoul-water duck sromachs in which the seeds formed n smnll
percentnge of the contenf. Hightide-bush is a shrubby plant, with thickish,
moestly opposite, sharply toothed Jeaves. Aloung with the groundselbush {Buc-
charis halimifolia), it often talkes over purtially drained coastal marshes follow-
ing mosguito-contred operations (pl. 181, A).

Ambrosia artemisiifolia: Common ragweed.

Ragweed is prevalent in waste and cultivated places and is not
normally an inhabitant of duck-feeding areas. It has furnished food
in fair percentages, however, in several localities where the sceds have
been washed into the water or where the ducks were feeding in fields.

Bidens: Beggarlicks (pl. 111; fig. 2).

Value—Generally slight or nil; occasionally fair,

Parts consumed —The seeds (achenes).

Identification.—The marsh representatives of Bidens are medium-
sized or large herbs with opposite leaves, usually yellow flowers and
the oblong seeds of the beggarticks type. One species, B. beokii (pl.
111, ¢'), is an aguatic with divided submerged leaves.

Environment—Moist soil, marshes, lake margins, swamps, and (in
B. beckit) open fresh water,

Propagation—DBy seed.

Species—Bidens bidentoides, B. cernuia, B. frondosa, and B. laevis
have been recorded from duck stomachs, and it appears probable that
other species, including B. comosa (pl. 111, 4) and B. aristosa (pl.
111, B) also are used. Though B. beck#, water marigold, is a locally
common zquatic in northern lakes, there is no stomach-analysis evi-
dence of its value as a duck food.

Baeria platycerphe: Goldfields,

Field observations indieate that geldfields, a small, golden-flowered, snltflat
composite, is used by wigeons and other ducks In the vieinity of San Fravecisco
Bay, Calif,
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ANIMAL FOCDS

Mollusks and insects are of outstanding impeortance in the animal
food of game ducks. In the continental listing of food items (table
2) insects ave represented as making up a slightly smaller proportion
than the mollusks, but a larger series of summer stomachs might have
reversed this ranking. Crustaceans and fishes also constitute impor-
tant food elements in some sections. Several other groups of animals,
including annelids, spiders (Arachnida), and frogs (chiefly Ranidae),
have been identified frequently in the food but constitute a trivial
part of the total. Itis well to reiterate that the percentages of animal
and plant food in the continental and regional food summaries
{tables 2-10) are disproportionate, since whole classes of animals are
contrasted with individual genera of plants. This results from the
fact that in the original stomach analyses many of the recorded
estimates of animal percentages were based on these inclusive groups
and were not further subdivided.

MOLLUSCA: SNAILS, BIVALVES
{Pls, 112-134)

Two large classes of mollusks, the snails (Gastropoda) and the
bivalves, or double-shelied mollusks (Pelecypoda), are of value in the
animal food of game duncks. These mollusks reach their greatest
importance in the coastal regions, but they alsc compose conspicuous
proportions of the food in the eastern half of the United States and
in both eastern and western Canada. Most of the bivalves eaten were
species of litile economic significance, but such important items as
oysters (Ostrea horida) from the coast of Washington were occasion-
ally taken by a few of the diving ducks, particulurly the greuter
scaup, a special study of which was made by McAtes in 1815 (ms.
report, Biological Survey). The principal geners and a number of
the useful species of mollusks that have been identified In the stom-
achs of game ducks are illustrated in plates 112-114.

In nearly all regions snails were found to be much more important.
to ducks than the bivalved moliusks, probably because of their much
ereater ubundance in the hobitats commonly occupied by gume ducks.
In the three coastal regions and in the lower Mississipp Valley snails
ranked higher in the tabulations than any other forms of animal life.
Many species were represented, and with the exception of those
occasionally taken by greater scaups, most of them were either of
small stze or young individuals of larger species. The various species
are usnally restricted either to brackish or fresh water, but on the
Gulf coast the neritina (Neriting reclivata) has often been found in
both strongly brackish and strictly fresh waters. This important
species seems to be of greatest use to waterfowl in the area of transi-
tion from fresh to brackish water in the territory extending from
the mouth of the Mississippi River to Florida.

Along the Atlantic coast, all the way from New England to Flor-
ida, there are a number of importsnt salt-water snails, including

T9525° —3p—7
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RMitrelle lunate, Anachis avara, Nassarius vibew, N. obsoleta, and
M elampus lineatus, that are eaten by game ducks; and on both the
North Atlantic and North Pacific coasts are found Lacuna vineta,
Littoring rudis, and a few others. Among the fresh-water snails
eaten are many species that also have extensive ranges, including
Gyraulus (Planorbis) parvus, Helisoma (Planorbis) trivolvis, an
Stagnicola (Lymnaea) palustris.

Propaga:ion~Much careful study of problems in the geographic
distribution of mollusks is needed before definite recomimendations
can be made regarding the use of many species in improving water-
fowl feeding prounds.

In important duck-nesting sections in the prairie-aspen belt of
western Canada, Mozley (59) has made u deteiled statistical study
of the molluscan fauna of more than 800 small lakes and ponds. In
thut area~—Manitoba, Saslatchewan, and Alberta, between 49°30" and
56° north Jatitude—he found 10 species of snails and 2 species of
small bivelies. He concluded that the distribution of mollusks is
not a haphazard matter but the vesult of definite, complex reactions
that are capable of measurement. Tor example, it was only in tem-
porary ponds—these containing water ahont 1 or 2 months a year—
that Planorbis umbilicatellus and Planorbula campestris were found.

Snails cau be easily trunsferred in their natural waters, but if taken
long distances they shounld be supplied with some form of vegetation
from their native habitat to serve as food until released.  Until more
complete information is uvailable it is safest {0 experiment only with
those species that have the widest tanges and ocenr in the greatest
variety of habitats.

INSECTA: INSECTS

{Pls. 115-117)

Insects are represented as coustituting nearly a tenth of the total
food of game ducks in tne United States and Canada (tuble 2), a
proportion that might have been greater had the swmmer months
heen more equably represented in the stomach material available.
During the sumner period in the waterfowl breeding range, insects
form an especially large part of the food of both young and adult
ducks. The teeding tendency of ducks at that season may be ex-
plained by the abundance and availability of insect life before much
of the seed crop of usefu! plants hus matured.

Mzny groups of inseets, including caddisflies ( Trichoptera ), dragon-
flies (Odonata), brine flies (Ephydiidae). and cextain midges {Chiro-
nomidae), spend much of their life cycles in marshy or aquatic
environments, and for this reason their larval, pupal, or nymph
stages are svailable (often abundantly se) for consumption by ducks
in sunmer.  In addition numerous kinds of wuter bugs (Hemiptera)
and water beetles (Coleoptera) spend their adult or larval perinds
in, on, or near water and thus become available prey for ducks.

Representative species from orders and families of Insects
that constitute valuable sources of duck food are illustrated in
plates 115, 116, and 117. A list of the more important orders and
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families follows, in which those preceded by an asterisk (¥)
are groups of especial importance to game ducks:
Coleoptern: Beetles (larvne and Neuwroptera: Alderflies,

adulfs). Diptera: True fies (larvae and pupae).
Carabidae: Ground beetles. Tipntidue: Crane files.
*Haliplidae: Crawling water *hirouomidae @ Midges.
beetles, *Brratiomyiidoe: Soldier flies.
*Dytiscidne: Predaceons diving Tahapidie: Horseflies
bretles. *Ephydridae; Brine flies.
Gyrinidae : Whirligiz beetles. TIemiptera: True bugs.
*Hydrophilidac: Wafer scavenger Gerridae: Water striders.
beetles. *Notoneetidae : Back swimmors,
Tenebrionidae : Datrkling beetles. Nanecoridae : Creeping waler bugs.
Searnbacidne: Searabacid beetles Nepidiae: Water scorpions.
Chrysomelidae: Leoaf beetles, Belostomatidae @ Glant water bugs,
Curculionidae: Boout beelles, *arixidae : Water boatnien,
Hyrmenoptera: Ants, wasps, (Irvae, Plecoptern: Btone flies
pupae, and adults). Epttemoroptera @ Mayflies.
Trichoptern ; Caddisflics (inrvae). *Odounta : Dragonilies, damsel flies.
R’byacophilidac. Crthoptera: Grasshoppers, crickets.
*Phryganelidae.

*Mollanidae,
SBericostomatidae,

Propagation—The culture or propagation of insects for duck-food
purposes is not ordinarily necessary. t?\Iol:)i]ity and fecundity enable
insects to reach and populale practically all areas adapted to their
specific requirements. In general, insect populations are plentiful
throughout the temperute and north temperate parts of the continent.
thongh certain kinds may be associated with particular regions.
Brine flies (Ephydridae). for example, and some species of water
boatmen {Corixidae) sre most abundant in alkaline arcas.

CRUSTACEA: CRUSTACEANS
(PL. 118)

Crustaceans, with a percentage of 8.44, rank third among classes of
animal foods consumed by game dueks (table 2). They are eaten in
fair quantity in various parts of the continent, the highest percent-
ages occurring in Canada (6.07 percent In the west and 9.81 percent
in the east) and the lowest in the Gulf region (1.06 percent}.

Plate 118 gives examples of the principal types of crustaceans used
as duck foods and indicates in a small degree the extent of diversity
of form in this large class. Ouvders of 1mportance in the present
study are as follows (italic letters in parentheses referring to their
position on plate 118) :

Braunchiopoda : Faivy shrimps and water fieas (B and O).
Ostracedn ().

Cirripedia : Barnuacles (4.

.2 apnipoda @ Beaeh fleas and seuds (B and /7).

ssopoda (D).

Decapoda : Shrimps, erawllsh, crabs (H 1o ).

Crabs and barnacles are restricted largely to seacoasts, but many
forms of the srustzceans eaten by waterfowl occur inland in either
fresh or alkaiine waters. Much of the use of fresh-water shrimps by
ducks has occurred in Western States, and many crustaceans of the
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smaller type have been consumed in inland waters. Crawfishes of
various species cccupy diverse habitats, ranging from coastal waters
to inland lakes and streams, or in some instances their burrews
are at a distance from open water. Some of the crustaceans eaten
are of species that become destructive to aquatic vegetation (p. 139)
and young fishes, but most of them subsist on organic debris or on
smaif forms of life and in general are favored by environments in
which organie material is present.

Propagation.—In most waters that are suitable for their existence,
crustaceans are nsually so widely distributed by natural means that
atfernpts at propagation sre unnecessary. The culture of scuds
(Gammarus spp.y, fresh-water shrimps (Paloemonetes ewilipes),
and crawfish I(C"mm?)a?*ees spp.}_occasionally has been practised by
fish-culturists for many years. ~ Methods for the propagation of these
crustaceans us a source of food for fishes are disenssed by Viosea (83).
Comparatively little is known about the life histories of most of them,
Reproduction is generally by means of eggs, and in some of the lower
forms (Cypris and Daphnia) these have remained viable for about 95
years. Females of the majority of the higher forms—Malacostraca
(which include the greater proportion of the kinds eaten by game
ducks)—carry their eggs around on the under side of the abdomen or
at the base of the thoracic legs until ready to hatch. In crawfishes,
crabs, and related decapods, large numbers of cgos are produced and
the young often remain with the mother for a short time after they
have hatched. Most of them can be suceessfully collected in fine-
meshed seines or dip nets and transported to favorable sites in con-
tainers of the same water in which found. It is obvious that the
more egg- or young-bearing females that can be obtained the more
rapid will be the reproduction in favored situations.

PISCES: FISHES
(Pl 119)

Fishes are eaten by game ducks in six of the regions treated in
this bulletin, but they attain a position of apprecizble importance
in three only. In western Canada they composed 1.58 percent of
the total food (table 9); along the Gulf of Mexico, 2.86 percent
{table 6}; and in the Atluntic coastal region, 0.98 percent (table 3).
In all parts of their range, however, mergansers are known to feed on
fishes to a considerable extent, but in interior sections it is only under
unusual circumstances that game duclks have been known fo take this
kind of food extensively.

Practically all the fishes caten by game ducks are of the shuggish
surface-feeding species, among which the top minnows, or killifishes
{(Poeciliidae and Cyprinodontidae), supply the greatest share. The
species found to be of greatest significance are illustrated in plate 119,
and their ranges are as follows:

The mummichog (Fundulus heteroclitus) occurs in fresh or braclk-
ish coastal waters from the Gulf of St. Lawrence to Texas. The salf.
water killifish {F. majalis) is found in saline waters from Cape Cod
to Florida. The fresh-water killiish (Zygonectes diaphanus=F.
diuphanus) occurs in the fresh waters of coastwise streams from
Maine to North Carolina. The mosquito fish, or top minnow (Gam-
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busia holbrooki—formerly included with G. affinis), 18 found in fresh
or brackish waters throughout the southern half of the United States,
occasionally as far north as New Jersey. The sail-finned killifish
(Mollienesia latipinma) thrives i fresh. brackish, or saline waters
from South Carolina to Mexico. The broad kilhfish (Cyprinodon
variegatus) occurs chiefly in brackish waters from Cape Cod to
Texus. All are found in shallow waters and all are prolific breeders.
Most of them lay eggs, but the nosquito fish (pl. 119, 2} and sail-
finned killifish (pl. 119. £) give birth to active young.

Among other fishes, the gizzard shad (Dorosoma cepedianum), 2
species practically worthless for human food, has been reported ® to
be of local importance to ducks in inland waters; and occasionally
minnows {Cyprinidae), darters {Percidne), and sculpins (Cottidae)
have been eaten in smaller quantities, especially in the interior
regions.

Propugation—XKillifishes of the kinds shown in plate 119 have been
successfully shipped for nearly a thousand miles by express. The
fishes should be transported in large tin cans (with perforated tops)
containing natural waters from the sites where collected. A small
quantity of healthy aquatic vegetation placed in each can will aid in
oxygenating the water. These fishes will reproduce readily when
transterred to suitable situstions.

SHRATTMAN, M. B TR GIXZARG S AE AN IMTURTANT ¥OOD FiR DUCES IX TUE IXLARD
LAKES AND UESERVOLLS (0° otft,  Okip Uept, Agr., Div. Consery,, Boll. 15, o, 4. [Mimeo-
rraphed.]




PART 3.—PROPAGATION OF WATERFOWL FOOD PLANTS
AND DEVELOPMENT OF FEEDING GROUNDS

The science of waterfowl-food culture is still in its infancy al-
though much useful information has been published (see Litera-
ture Cited, p. 143) on the production of limited groups of valuable
aquatic and marsh plants. Attempts to improve waterfow] feeding
grounds in the United States received their greatest impetus as a re-
sult of the pioneer work of McAtee (41, 42, 43, 44, 45) from 1811 to
1918, which provided the basis for developing commercial sources of
propagative parts of a number of important food plants.

Valuable data regarding the propagation of special groups of
aquatic plants have been presented by a considerable number of
earlier workers including Irmisch (35), Guppy (27, 28, 29), Morony
(47}, Sauvageau (72), Yorke (91). Pond (68}, Glick (25), Fischer
{23) and many others. More recently Mickle and Thomson (51),
E. Moore (531), Arber (2), and Muenscher ® (64, 61) have contrib-
uted much helpful information on this subject.

CHOOSING PROPAGATIVE MATERIAL

Despite available information on the culture of duck-food plants,
many aftempts at propagation have resulted in failures, some of the
causes of which are discussed on later pages {p. 116). One of the
most frequent of these causes is neglect in considering the natural
ranges of species or varieties that are used. These ranges often are
dependent on climatie, soil. or water conditions that are quite differ-
ent from those of the site to be improved.

Carveful selection of seed stock, with due rvegard both to origin
and to quality, is a cardinal principie in successtul agriculture. For
example, seed corn for use in the Northern States must be capable
of resisting lower temperatures and maturing in a shorter growing
season than the varieties used throughout the Gulf States: similarly,
the durum wheats are best adapted for growth in the semiarid north-
ern section of the Great Plains region, whereas the soft, red winter
wheats are grown chiefly in the humid aren eastward from Kansas
to the Atiantic. It is just as important in aquiculture as in agricul-
ture to give careful attention to sources of propagative materials to
insure adaptable varieties or strains as well as suitable species. This
cannot be overemphasized.

1f propagative materials ave properfy handied it is usually best to
obtain them from sources as near as practicable to the situation in
which the planting is to be made, or from areas having nearly iden-
tieal climatic and envirenmental conditions. Overlooking the im-

7 W. C. Musnscher, of Cornetl Tuiversity, has recently condueted an extensive and valua-
ble series of experiments on the storage, viability, and germinatlon of the seeds of a large
number of waterfow! food plants.  While part ef his findings were not published et the
time of the preparation of this luletio he kindly permitted the writers to vse these data
in the formulatiou of genersl conclusions regarding these matters.
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portance of this has resulted in the planting of many species and
varieties in regions or situations for which they are entirely unsuited.
Reference to the range maps and the environmentel data for the
various species discussed (p. 19) should 2id in reducing such mistakes,

AQUATIC TYPES

The truly aquatic plants, those that grow primarily submerged or
floating, furnish by far the greatest proportion of the game-duck
foods throughout the North American Continent. Most of these
plants can be propagated successfully from seeds that have been
properly harvested and stored. A large proportion can likewise be
grown from leafy branch tips, as in the case of nuiads, sago pond-
weed {pl. 120) and most of the broad-leaved pondweeds; or from
the contracted, leafy stems commonly known as winter buds, such
as are borne by some of the linear-leaved pondweeds (pl. 14). Many
can be grown trom the underground rootstocks, which sometimes pro-
duce equally valuable tuberlike buds or tubers such as those found on
wildeelery ~ {Vullisneria spivelis) (pl. 48) and sago pondweed
{Potamogeton pectiratus) (pl. 8, B and €'). An easy method of
propagation in comparatively still waters is to transplant the entire
plants, as in the case of the duckweeds (Lemmnaceae}; or long
branches, as in the entively rootless coontail (Ceratophyliim demer-
sum) (pl 99, ), the poorly rovted waterweeds (dnacharis spp.)
(pl. 47), and the naiads (¥ajas spp.) (pls. 34 and 35).

MARSH TYPES

Several of the most important marsh or moist-soil duck-food plants
are annuals and must be propagated from seed (or rarely by the
transplanting of young plants). This group mcludes wildrice
{Zizania agquatica). wild willet {Echinochion, spp.}, certain smart-
weeds (including Polygonum lapathifolium and P. pensylvanicum),
and tidemarsh waterhemp {(denide cannabing). A much greater
number, however, are perennial and may be propagated either by
seeds or rootstocks. In a number of species, including the duckpo-
tatoes (Sagittarie spp.), chufa (Cyperus esculentus), and the salt-
marsh and slkali bulvushes (Seirpus robustus and 8. peludosus) the
plants also bear tubers or propagative, tuberlike bodies (pls. 44, €8,
and 83). The seeds of many perennial marsh plants germinate slowly
and irregularly; therefore, where rapid production is desired it 1s
recommended that rootstocks or tubers be used for propagation
whenever practicable. This applies paticularly to such plants as
the burreeds (Spaerganium spp.) and many of the sedges (Cyperaceae).

DRY-3(ML TYPES

The use of dry-soil plants for duck foods may seem incongruous
to many waterfowl students in the Eastern States and Canada., In
parts of the western half of the United States, however, upland
plants often furnish the major food supply for the most important
species of shoal-water ducks, This is particnlarly the case in semi-
arid Southwestern States, where Dwarf mile or kafir from unhar-
vested fields furnishes one of the principal foods. In the prairie
States, various other cereals, including wheat, barley, oats, and tc a
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greater extent corn, furnish attractive food for waterfowl. These
plants, being annuals, can be produced by the usnal agricultural
practices.

In addition to cultivated crops, many smartweeds, pigeongrasses
(Setaria spp.), and occasionally even ragweeds {Ambrosie spp.) are
useful sources of duck food. Wild millet and chufa also are often
found thriving in dry soils, but chufs must be flooded during the
fall to male its tubers accessible as a duck food.

HARVESTING AND TEMPORARY FIELD CARE

The harvesting of propagative materials of most aquatic and marsh
plants must be accomplished largely by manual methods. Seeds must
necessarily be harvested at thie time of ripening. This often is an
irregular and gradual process, even in 2 single locality, and may
necessitate traversing the beds several times during the season. For
this reason it is impracticable to cite specific harvesting dates. In
southern Maryiand the seeds of wigeongrass (fuppic maritima)
may be found maturing from the middle of June until growth is
stopped by fall freezes; likewise, in the same section, sago pondweed
hias been found fruiting throughout a period of more than 3 months,
although the bnlk of the seeds mature early in August. The northern
{narrow-Jeaved) form of wildrice, which in northern Minnesota
ripens over a period of about 2 wecks late in Augunst and early in
September, has been noted ripening about 2 month earlier when
planted in central Tllinois {pl. 121, A). Close watch therefore should
be kept on all plants from which seeds mre to be harvested. The
period of maturity can be determined by the firmness and size of the
seeds together with the time they begin to detach readily upon slight
pressure from the fingers, or n the case of annnal marsh plants, -
cluding wildrice and tidemarsh waterhemp, whenever a moderate
jarring of the plant canses large numbers to full. The maturity of
bulrusrﬁes, spikernshes and related sedges, and other perennial marsh
plants can usually be determined by the degree of ease with which
the seeds can be removed from the spilelets or spilkes when these are
crushed in the hand. In general the Iater in the vipening season that
harvesting can be successtully accomplished the better are the chances
for obtaining produetive seed.

In areas where pondweeds that produce thick-walled seeds have
fruited heavily, huge windrows of the seeds are frequently found
drifted up on the beaches after storms. If ohiained before they have
suffered prolonged, severe drying, these seeds have been found satis-
tactory 'llor propagalion. A fair percentage of sago pondweed seeds
germinated after T}'ing n such windrows for move than a year. A
valuable supply can often be obtained with little work, :nerely by sift-
ing the drifted seeds throngh screens with mesh of a size suisble to
remove surpins debris.

great variety of methods can be used in harvesting the seeds of
tall marsh plants, depending on the situation in which they are grow-
ing and the particular species involved. The Indian method of har-
vesting wildrice—holding the fruiting parts over a canoe by means of
a short stick and gently tapping the stalks with anocther stick until
the ripe seeds fall—can at times be used {with canvas spread on the
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floor) for other plauts, as tidemarsh swaterhem)p and the round-
stemmed bulrushes {(when dead ripe}.

When harvesting seeds from Jarge herbs or from woody plants
with spreading branches, it may be practical to use a gronnd covering
of canvas to catch the falling seeds. This may consist either of a
single sheet 6 feet or more in diameter, slit from the outside to the
center so that it can readily be draswn up under the plant, or two pieces
of canvas can be faid on each side of the plant with their jnner edges
overlapping. This general method of harvesting can be applied
on semidry or dry areas to such heavily fruiting plants as tidemarsh
waterhemp (which may produce more than 2 quarts of seed per
plant}, oaks, and water-elm.

A cradlelike eanvas trough 6 to 8 inches deep (pl. 121 BY. con-
structed on a strong wire frame about 3 feet Jong and 16 to 18 inches
wide at the top, can be equipped with shoulder straps and a belt and
used effectively for havvesting in dry marshes or in water too shallow
to permit the use of a boat. The trough is worn projecting in front
of the weaver’s waist and should be constructed so thut the side held
against the waist is short and nearly perpendicular. The shounlder
straps should be attached so as to support the trongh by both front
and rear rims. An opening in one end of the bottom, equipped with
a slide fastener operating from the under side, facilitates removal
of the seed. Branches or tops of the plants bearing the ripened
seeds should be held over this cradle and tapped or shaken gently
to dislodge only ripened seeds. A pack sack may be worn on the
shoulders and the seeds transferred to it from time to time to pre-
vent the trough from becoming too heavy. A wire T that can be
speared into the ground, to hold the pack sack upright while seeds
n{e being transferred to it, is useful when the collector is working
alone.

In dry marshes or meadows where the soil is moderately firm,
ordinary agricultural equipment has been used successfnily to harvest
the seeds of alkali and sultmarsh bulrushes, wild millet, and smart-
weeds. Lightweight automobiles have been used in shallow marshes
along the Gulf coast by equipping them with the wide-rimmed tractor
wheels now on the market., Long wooden cleats are bolted to these
wide rims to increase their wiath for use in the softer soils {pl.
140, ). Such equipment woald often be useful in harvesting opera-
tions elsewhere,

Hand-operated hedge trimmers with vibrating sickles and equipped
with sacks to catch the “trimmings,” can be used for harvesting the
fruiting tops of bulrushes and similar marsh plants. In some situa-
tions such trimming can be done directly into a shallow-draft boat
or ¢anoe.

Adter drying thoroughly for 1 to 2 weelks, the saltmarsh and alkal;
bulrushes and wild millet can be thrashed successfully in ordinary
grain-thrashing machines. In small lots the dry heads can be flailed
In grain sacks and the coarse debris removed by sifting.

Ordinary scythes, sickles, and rakes (frequently rakes alone} will
suffice to procure unlimited quantities of the leafy stems of submerged
plants for the transplanting of cuttings during the active growing
season, Long-handled coke forks, silage forks, and potate hooks
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with closely spaced tines make useful tools for harvesting sub-
terranean tubers.

In general it is recommended that the harvesting of roctstocks and
tubers be carried on early in spring, hefore growth has started, in
order to avoid the need for winter storage and the hazards that at-
tend fall planting. Spring harvesting can be greatly facilitated if-
the location of the best beds is carefully marked during the previous
fall, when the leafy parts of the plants are still evident. Some com-
mercial dealers are reporied to harvest econsiderable quantities of
aquatic tubers through the ice by cutting out long blecks over the
densest parts of previously marked beds and then digging out the
tubers with long-handled coke forks. Dip nets can be used to gather
the tubers that float to the surface during the operation.

Particular care should be taken while harvesting propagative mate-
rials of submerged plants to avoid drying during the period of col-
lection and transportation. Leafy portions, seeds, rootstocks, and
tubers should be kept thoroughly saturated with water until the time
of shipment. Cans with tigﬁt-igtting covers (such as garbage pails
or large lard cans) are satisfactory if the water is changed everf; 24
Liours. When open ceontainers muost be used, they should be kept
covered by a saturated piece of absorbent cloth, In warm weather
the materiais should be ventilated by using altarnate layers of wet
peat moss or Spanish moss te prevent fermentation; fine excelsior
also may be used for this purpose if kept thoroughly wet. Small
tubers or seeds handled in this manner should first be placed in
cheesecloth to prevent loss among the packing materials, Seeds of
marsh plants that normally ripen in a dry condition before falling
into the marsh can be harvested without special precautions, but those
that have thin or comparatively soft coats and retain considerable
moisture up to the time they fall should be transferred to wet stor-
age as soon as possible. A few days of severe drying +will seriously
injure such seeds as wildrice. The importance of avoiding delay in
transferring freshly harvested materials to suitable storage cannot
be overemphasized.

STORAGE AND GERMINATION

Recent storage and germination experiments with the seeds of a
great variety of aquatic and marsh plants from the Northern and Cen-
tral States indicate that the best results with nearly all species are ob-
tained from seeds that have been stored in water st low temperatures.
In the case of most of these plants, wet storage of thin-walled seeds
is a necessity because prolonged drying was found to kill the embryos.
In seeds with thick, firm coats germination was appreciably higher
and much more uniform in sumples that had been stored In water in
refrigerators. The thick-walled seeds of sago pondsweed, however,
cerminated weil after lying exposed for more than a year in wind-
rows on the margin of Arrowwood Lake, N. Dak, They were dry
when collected and were kept in that condition until placed in jars
of fresh water 5 weeks Iater. These seeds started sprouting 4 days
after being immersed, and the bulk of them germinated in less than
10 days, althoeugh a few continued te sprout for more than 8 mouths.
The seeds of many northern duck-food plants must have low-tempera-
ture storage or an out-of-door rest period at winter temperatures for
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a_period of 3 to € months before successful germination ean take
lace.
P While treatment with sulphuric acid as reported by Fischer (29),
and scarification or careful removal of seed coats—to reduce the phys-
ical handicap that the enclosed embryos must overcome before
- sprouting, and to permit more rapid absorption of water or oxygen—
will shorten the time necessary for sprouting in some aquatic and
marsh plants, as the burreeds, experiments with a number of other
thick- and thin-walled seeds (various sedges {Cyperaceae), tidemarsh
waterhemp (Aenida), and several pondweeds) showed that prelimi-
nary prolonged chilling also was necessary. It is probahle that the
great differences between the findings of Crocker (13), Fisher (23),
and other early experimenters on fhe germination of the seeds of
aquatic and marsh. plants result from the lack of subjecting the seeds
to a period of after-ripening at low temperatures hefore the Zermina-
tion tests twere started or permitting the seeds to dry out prior to
these tests. Seeds of the tidemarsh waterhemp and the water-
chestuut, or water ealtrop.’® remained totaily dormant or gave only
a trivial percentage of germination afier being held for more than
a year in water that was regularly changed and kept at ordinary
room temperatures; hat at the end of 9 months portions of the same
samples were transferred to a refrigerator for 8 months at tempera-
tures of 36° to 38° F., and germinafed well within o few days after
being brought ont to room temperatures again.  Waterchestnut seeds
that were subjected fo only 1 and 9 months’ refrigeration remained
dormant, and 2 weeks of drying at room temperatures killed their
embryas,

Many other experiments clearly demonstraie the futility of ex-
pecting many northern plants to ¢ontinue reproduction by means of
seeds when planted in warm southern waters, which are not sub-
jected to the necessary period of low temperatures.

That prolonged low temperatures serve as the activating agent in
producing a chemicnl change in the stored plant food. thereby can-
verting it into a form that ean be assimilated by the dermant embryo,
was further shown by tests with saltmarsh bulrish and wildrice
serds from Maryland and Virginia. Placed in germination jars (2-
quart jars of water that was changed twice a week) at ordinary
room temperatures shortly after harvesting, these seeds remained
permanently dormant even though part of the former were searified
or portions of the seed coats carefully removed : but similar material
germinated well after being stored in water in a refrigerator for
about 83 months. A temperature of 40° . was sufficient, for wildrice,
and C. B. Chambliss. of the Burean of Plant Industr 7, reported that
samples of seeds of this plant stored for less than 2 months at abont
50° germinated actively soon after being removed from the refriger-
ator and that samples kept at this temperature for 3 months sprouted
in the refrigerator. Saltmarsh bulrush seeds, however, collected in
Maryland, required much lower temperatures to produce the changes
necessary for germination. Only those samples germiinated suceess-
fully that had been frozen solid in jce at temperatures varying from
10° to 23° for a period of 2 weeks following a longer period of stor-

1 Waterchesthut, or water ecaltrop (PTrope netons), is nof a duck-food plant but o
dangerous Competitor species (see discussion nnder weegd control, pp. 139 and 134),
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age at 38° to 40°. On the other hand, embryos in seeds of the long-
lead pondweed (Potamogeton americanus) from the vicinity of Wash-
ington, D. C., were all killed by a similar freezing treatment, al-
though seeds germinated well when stored in water at a temperature
of about 88° for 3 to 6 months. Fair but irregular germination of
that species was obtained without refrigeration, and sporadic sprout-
ing continued for more than 15 months, .

Tubers and rootstocks of most aquatic and marsh plants likewise
should be kept moist and stored at temperaturez low enough to pre-
vent destructive bacterial growth. Those of sago pondiveed and
other soft types may be stored in water or packed between Jayers of
web peat moss, Spanish moss, or saturated fine excelsior. Qnly one
out of eight sago pondiveed tubers (from Saskatchewan) that were
dried for a month at ordinary room temperatures retained encugh
vitality to grow. Tubers of the flowering-rush (Butomus wmbel-
latus) and rootstocks of the three-squares (Scirpus americonus and
S. olney?) sprouted well after being buried out of doors, some at a
depth of 1 foot and others at about 8 inches, in moist, clayey garden
505 near Washington, D. C., from the end of October until the end
of the following March, although during much of that period they
were frozen solid at the shallower depth. Tubers of chufa (Cy-
perus esculentus) may be stored successfully between layers of
slightly damp sand in a cool cellar. The rootstecks of the hardstem
bulrush (Seirpus acutus) grew very well after being packed in moist
newspapers in a refrigerator, at temperatures of 32° to 38° F., from
mid-October until earTy the following April.

When refrigerating facilities are not available for et storage

of aquatic seeds and tubers in the Northern and Central States, sutis-
factory fall and winter storage can often be accomplished by sub-
merging specially constructed containers in fresh-water lakes and
streams. Storage crates about 2 feet square can be constructed out
of heavy hail screen (hardware cloth) of 14- to 1h-inch mesh
and lined with smaller meshed cooper screen cloth. For seeds of the
sago, longleaf, and other hn'%re pondweeds, 14.-inch mesh (the size

much used in window screens) is suitable for the lining, but a finer
mesh is needed for species with smaller seeds.

Luyers of the seeds about 3 to 4 inches deep should be separated by
double layers of screen eloth (similar to that used for the lining)
between which have been tacked narrow wooden cleats about 8 inches
apart to permit a free circulation of water. The screen cloth should
be bent around the ends of the cleats to prevent the seeds from worlk-
ing m between each pair of screens from the edges and filling the
space between the cleats, To give added support, cach set of these
sereen partitions should be so placed that the cleats will lie at right
angles to those of the sets immediately above and below. The cleats
should be just thick enough to insure water circulation between the
layers of seeds. A layer of coarse excelsior would probably serve the
same purpose as the cleats.

The storage crates should be cavefully wired shut and then securely
anchored I_)sﬁow the ice level or in spring-fed streams that remain
open all winter. Situations should be selected where floods or storms
and shifting ice cannot cause damage.

. Chambliss (9) states that wildrice can be stored in small quantities
in garbage pails submerged in streams if the sides and tops of the
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pails are perforated sufficiently to permit water cireulation, Xf the
pails are lined with copper sereen, much larger perforations or small
windows can be used to facilitate freer circulation, thereby reducing
the danger of fermentation withont the loss of seed. The pails
should not be more than three-fourths filled with seed and must be
securely anchored and their tops carefully fastened.

Some commercial dealers in duck-food plants have piped the water
of permanent hillside springs through concrete basements of winter-
storage sheds. The entire basement is flooded just deeply enough to
submerge the screened storage Lins (which ave reinforced outsile
with wood) and water is permitted to circulate through them as
long as propagative materials are held in storuge. Drains are pro-
vided so the water can be removed at any time. The water should
enter at several points on the inlet end to insure thorough cireula-
tion. Care should be taken to nvoid using containers so large that
the water cannot circulate readily through the stored materials, or
fermentation is likely to develop and cause injury.

Other dealers keep wildrice seed in sacks stored in ice houses.
The sacks of rice are dipped in water and placed on the layers of
ice and covered by a heavy layer of sawdust. They should be re-
moved and dipped in a plentiful supply of fresh wafer at least once
a week. Since the sacks rot rapidly under such conditions, they
usually need to be replaced several times during a storage season,
Each time the sacks are changed the wildrice should be freshly
dipped, or water from a hose forced through it. The dangers of
fermentation and desiceation are great, however, under this method,
and submerged storage at low temperatures (82° to 36° F.) is
preferable.

Under natural conditions it is probable that the seeds of most
aquatic and marsh plants germinate during the first spring after
they are produced. Some of the northern pondweed seeds have been
noted sprouting in shallow ponds during early winter. The greatly
delayed germination reported in laboratory experiments can usually
be attributed to the fact that the seeds had been permitted to dry or
else were not subjected to the necessary rest (after-ripening) period
at low temperatures before the tests were begun.

SHIPMENT

The principal precaution to he taken in shipping propagative
materials stored wet is similar to that for storage, namely, avoidance
of drying and fermentation. Most of these materials can be succese-
fully transported packed in moist pent moss, Spanish moss, or fine
excelsior in Jight slat crates lined with burlap, or in ventitated bushel
haskets. To prevent heating and fermentation, large lots of wet
seeds should first be segregated in small cloth bags that arve kept
separated from each other by the packing material.

Leafy cuttings, young plants, and tender rootstocks can be shipped
successfully if pacled as follows: Spread a layer of wet peat moss
about 1 inch thick on a long sheet of heavy waxed paper and scatter
the plants thinly over it. Then roll the paper and its accompany-
ing layer of plants rather loosely and ship 1 a closed container to
prevent evaporation, These materials likewise can be transported
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in water when the extra weight is not prohibitive. As soon as the
material arrives for planting it should be submerged in fresh water,
which should be changed daily until planting is completed. The
quickest practicable method of transportation should always be
used. In warm weather if the time needed for shipment exceeds
3 to 5 days, some means of refrigeration should be provided.

Dry seeds can be shipped without special precautions.

PLANTING

Preliminary to planting, a study of each area should be made to
serve as 2 guide In determining the correct procedure. It is thus
possible to forestall the use of unsuitable places and to avoid the
sowing of species that may already be abundant in the aren proposed
for development. Much money has been expended needlessly through
Jack of information on existing food resources; for example, the
writers have seen many areas where wildrice from distant sources
has been planted in dense beds of local wildrice, which the residents
did not recognize or knew only as “water oats” or “wild oats.” In
the same manner, wildeelery and sago pondweed have sometimes been

lanted in unrecognized thrifty beds of the same species, and in one
instance a fine bed of smartweed was mowed to prepare the area for
planting with smartweed seeds. On 2 barren, northern lake that had
a bottom composed of sand packed to almost rocklile firmmess, more
than $1,000 worth of aqustic plants was reported to have been sown,
despite the fact that the boftfom was too firm for any submerged
seed plants to exist, and not one of the species planted could grow
there. A preliminary survey would have prevented the waste of
funds by indicating the futility of such plantings in that lake.

Some of the principal points requiring consideration before plant--
ing are indicated in the following modified questionnaire, which the
Bureau of Biological Survey has prepared for correspondents re-
questing advice on improvement of their water areas:

1. T.gcation and name of area; State, county, neavest town.

2. Genernl character of area.

a. [s it a pound, lake. marsh, or stream?
B. Is i a natnral aren or a recent impoundment?
¢, Size of aren.
3. Water supply.
a. Sonree {1 e, spring, creek, ete.) and extent of flow.
U. Approximate depth: extent of shallow water (1 to 4 feet}.
c. Is watler clear, muddy, or stained?
d. Quality a5 fo brackishness, freshness, alkalinity, or acidity.
& Constancy of water level.

4. Type of marging; are there extensive mud flals or ave marging sandy,
gtony, or wooded?

b. Type of bottom ; hard or soft; sand, clay, or muoek

8. If plants are present, the most common marsh and aguatic species should
be listed, or samples of those not vecegnized shonid be mailed in as pressed
specimens for identifieation.

7. Additional comments.

The identification of estsblished vegetation is essential not onlv to
avoid unnecessary propagation of species that are already present but
also to take advantage of existing plants as indicators that the place
may be suitable or unsuiteble for other species. Identification oi ma-
terials can be obtained from botanists at State colleges or universities
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or from the Bureau of Biological Survey, but it is important that
specimens be as complete as pessible and that they be carefully
pressed and dried before submission.

WHEN TQO PLANT

The seeds, tubers, winter buds, and rootstocks of aquatic and
marsh plants may be planted either in spring or as soon as harvested
late in summer or in fall. Planting at any season has both advantages
and disadvantages that depend primarily on local conditions.

The chief advantages of fall planting are that it minimizes the
danger and eliminates the expense and work involved in storage,
whereas spring planting commonly necessitates the use of mate.
rials that have been long stored and thus have undergone increased
chances of injury by fermentation, heating, and drying. It has been
shown that the seeds of a large proportion of the aquatic and marsh
plants from the central and northern sections of the United States and
Canada must undergo a rest period at low temperatures and in o
wet condition to insure successful or uniform germination; under
fall planting nature takes care of these requirements. Planting in
fall can usually be done under more favorable weather and ‘water
conditions than in early spring and generally furnishes o more acou-
rate picture of the water levels under which growth must take place,
theregy permitbing better selection of planting sites.

The advantages of spring planting are thaf the danger of destrue-
tien of the propagative materials after planting is lessened because
the time during which waterfowl, muskrats, carps, and other verte.
brates can devour or uproot the material hefore it starts growing
Is greatly reduced and that the possibility of damage by floods,
.either through sedimentation or seouring, is minimized and the haz.
ard to tender species by deep freezing and to seedbeds by ice is
eliminated.

If propagative materials are harvested in fall it may often be
safest to plant half of them immediately after harvesting and the
remainder the following spring unless it is certain that ideal storage
conditions can be furnished for tubers, seeds, and rootstocks,

Leafy branch tips of many submerged species and entire plants of
those that are free floating or poorly rooted can be successfu Iy trans-
planted at almost any time during the active growing season.

HOW TO PLANT

Before any aquatic planting is started the area should be marked
off to avoid duplication of plantings. Most submerged species should
be planted in water 3 to 6 feet deep on moderately soft lthotatu:Jms, and
most marsh plants in water less than 2 feet deep.” Wildrice and cer-
tain bulrushes will often thrive in water 3 to 414 feet deep.

Planting should be so planned as te take advantage of tﬂe agency
of prevailing winds and water currents in further disseminating
seeds, to increase the extent of feeding grounds after the plants
become established.

AQUATIC CUTTIRGS

Leafy aquatic cuttings may be planted by molding balls of clay
around the lower ends of groups of four or five shoots (6 to 12 inches
long} and dropping them overboard on a moderately soft bottom.
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These balis shonld be scattered at intervals of about 6 feet (ses de-
scription of device for placing clay balls in firm soils in section
below on planting tubers). Some dealers recornmend the mere broad-
casting of the cuttings, but much of the material is thus wasted
throngh fleating fo the shore or drifting to other unsuitable situa-
tions. Unless the cuttings come In direct contact with the soil some
species fail to develop rootlets or do so very slowly; for example,
naiads have been kept in laboratory aguaria free from contact with
soil for more than 7 months without developing rootlets, but as soon
as the same cutiings were glaced in contact with the soil they started
Froducing them in a few days. When cuttings are planted in shal-
ow water it is sometimes possible to save Jabor by embedding them
directly in the bottom soil without using clay balls. Cattings shounld
be planted at the rate of about 8 to 5 bushels per acre,

£ cuttings are to be planted on rather firm bottoms ¥ may frst
be desirable to place them in contact with soil in o shallow retaining
pond 1 to 2 feef deep until rootlets have begun to develop. They will
then become anchored more rapidly in the new situation, and thus
the chances of damage by wave action will be veduced. Leaty branches
of sago pondweed offen develop small propagative tubers among the
leaves under such conditions (pl. 124.)

KREKDS

Aquatic seeding can be done by direct broadeasting of most satu-
rated seeds. If the seeds are buoyant enough {o float, however, they
should be embedded in small clay balls (several to a ball) before
broadeasting. A bushel of seed s enough to permit an average-sized
handful to be broadeast at: 9-foot intervals over an acre.

Dry seeds can be planted bn marshes and moist margins by ordi-
nary broadeasting. Whenever possible the area should be gone over
with a disk, drag, or coarse ralke before broadeasting and shonld be
lightly raked ufterwards.

TTTRIRE

Aquatic tubers should be embedded in small clay balls with the
tip of the sprout projecting. The clay should be previously worked
until it has the texture of soft putty. then x small ball of it held in
the palm of one hand and a cavity pressed into it with the thumb of
the other, after which the tuber should be inserted and the clay
molded around the exposed surface. Such bulls can be placed in
bushe! baskets in layers sepavated by pieces of bwrlap, and with a
little practice each layer can be broadcast by using the layer of bur-
iap beneatl it as a crude bag {the burlap uneeds to be cut in squares
somewhat wider than the diameter of the basket to male this possi-
ble}. Care shouid be taken to avoid having the balls so wet that
they stick together. When clay is not available some dealers recom-
mend the use of mud balls wrapped in 2 double thickness of news-
paper, using pieces 10 inches square and twisting the corners together.

bout 1,200 tubers are enongh to sow 1 acre if they sre planted

at intervals of 6 feet. When sowing the tubers of submerged plants,

added assurance of success can be gained by embedding a few seeds

of the same species in the outer portion of about half of the clay balls.
79325°—~30—8
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In sowing firmer bottoms with either seeds or tubers that have been
molded in elay balls, injury by currents or waves may be avoided
before growth can start by using a device for placing them just below
the surface of the soil. This consists of a piece of sheet-metal pipe
about 3 inches in diameter and long enough to project 2 feet above
the water level when the lower end is in contact with the bottom;
it 15 equipped with a light plunger to force a hole large enough to
receive the clay balls in the bottom soil. The plunger may be a light
wooden or metal shaft about 2 feet longer than the pipe, with the
lower end inserted into an oval piece of havdwood 214 inches thick
and 6 inches long. In firm sand the plunger may have to be more
pointed, but the hole made by it should not be made deeper than
necessary to hold the clay ball in place. A metal ring through
which the pipe can be inserted may be hinged to the stern of the
hoat as an aid in using the “planter,” and the pipe may be in short
sections that can easily be fitted together to muke it any desired
length. The pipe should be forced slightly into the bottom soil
before the plunger is inserted. After & hole has been made in the
bottom seil, the plunger is removed and a single ¢lay ball drepped
through the pipe into the cavity, This method would take too much
time for planting extensive areas, but could be used at strategic
points,

In planting tubers of duckpotatoes, saltmarsh and alkali bulrushes,
and other marsh plants, which grow in less than a foot of water,
the operator may weur rubber boots and use a small spade. These
tubers should be covered with 3 to 6 inches of soil.

Chufa and other tubers that develop in dry or semidry places can
be broadeast on land that has previously been dragged, disked, or
raked, if the broadcasting is followed with a similar treatment, or they
can be planted at a depth of 1 to 2 inches by hand.

ROOTSTOCKS

Most reotstocks of aguatic and wmarsh plants shoald be set out
where the water is shallow enough to permit planting by hand, the
operator being equipped with rubber boots and a spade or hoe. The
rootstocks should be placed in shallow trenches and covered with
3 to G inches of soil. Where currents are strong or wave action
severe it wonld be helpful to fasten some of them down with small
wire arches.

WINTERL BU'DS

Propagation by means of the contracted and modified leafy stems
{pl. 14), which are commonly known as winter buds, can be accom-
plished by broadeasting them in water with a moderately soft bot-
tom, or by fastening sinall clay balls to their lower ends to insure
submergence and to hold them in the proper situation, particularly
if the bottom is rather firm or the situation is subject to currents
and wave action,

YIELDS AND FOOD YVALUES

Little is kmown regarding the quantities of various wild-duck foods
that can be produceﬁ in g specified water or marsh area, and reliable
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information is difficult to obtain for many species. This is because
of numerous variable factors involved and the serious difficulty of
making a complete harvest of submerged subterranean parts.

Investigations by Rickett (69, 70) on two Wisconsin lakes have
furnished some interesting facts regarding the quantity of the entire
vegetative parts of & number of species produced on a definite ares
of lake bottom. Since seeds, rootstocks, and tubers commonly con-
stitute the major portion of the plant eaten by ducks, however, these
investigations did not furnish a relisble index t¢ the quantities of
actual waterfowl food produced. Rickett found that water com-
posed an average of 87.7 percent of the total weight of 21 species of
plants from Lake Mendota. Among these plants were sago pond-
weed, claspingleaf pondweed, or redheadgrass (Potamogeton per-
foliatus m'c?mwfsom’z’l)), natads, muskyrass, wildeelery, coontail, duck-
weeds, wildrice, bulrushes, and other important aguatic and marsh
species. In the plant zone in Lake Mendota {a mud-bottomed lake)
the average yield was about 14,867 pounds per acre, wet weight, or
1,801 pounds dry weight of higher plunts; while the yicld fiom
Green Lake, which has a deposit of fine marl on much of the bottom,
averaged about 13,540 pounds, wet weight, and 1,590 pounds, dry
weight, per acre. It is thus evident that the dry-weight yield of
aguatic plants from a good shallow mud-botiomed lake compares
favorably with that of ordinary wild hay produced on an upland
area. of equal size, in spite of the greater loss of weight that aquatic
plants undergo in drying.

To determine the chemical composition of certain aquatic plants,
including several important duck foods, represeniatives of a few
genern have been analyzed by Schuette and Alder (73, 74) and by
Schuetie and Hoftman {¥5}. The genern on which they reported
are Cladophorva, Myriophyllum, Vallisneria, Potumogeton, Castalia,
Najas, and Chara.

To be of muech importance in a program designed to improve food
conditions for waterfowl, analyses of the chemical composition of
any item must be correlated with studies on digestbility and accepta-
bility. In the aubsence of studies in the former field, the guide for
the present must be largely the factor of acceptability.

Numerous types of livestock foods, including a considerable nuni-
ber of plants that are important for waterfowl, have been analyzed
by the United States Department of Agriculture and State experi-
ment stations. The averge percent composition and digestibility of
these foods have been compiled in an extensive series of tables by
Hernry snd Morrison (31). .

A compurison of the food value of wildrice with other grains, as
supplied by C. L. Langworthy and published by the Department of
Agriculture (8, pp. 20-27), 15 presented in table 11. Most of the
grains listed are at least locally important as wild-duck foods. Cons-
menting on the table, the aunthors state:

Too much imporinnce should not be placed on the variation in constituents
as shown by fgures like the above, since it must be remembered fhat a given
constitvent In any of the grains muy vary to rather wide limits, For instanee,
the protein in common white viee varies from about 1o 11 percent. So few
analyses of wild rice are available that but little can be said regarding the
range in the proportional amounts of the ditterent constituents.
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TaBLE 11.—Food value of wildrice compuared wilh oiher grains
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Wildrice: Percent | Percent | Peresn Pereent | Percent | Calories
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Parched whole gratn, . . Lo 4.6
Parched gnd ground.

Rice, polished
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Whesat, eracked and erusied

Oats, rolled

Corn meal, unholted
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FACTORS THAT RETARD GROWTH, AND SUGGESTED REMEDIES

The many factors that retard or prevent the successful develop-
ment of valuable waterfowl food plants may be roughly grouped in
four classes—physical, chemical, biological, and economic. Efforts
to remedy local situations can be directed (1) toward the elimina-
tion of the retarding factors, thus permitting optimum growth of
desirable food plants; or, when this is impracticable, (2) toward the
establishment of food plants that can withstand the prevailing un-
favorable local conditions. Much information regarding methods of
analyzing wafer samples—useful in determining the various chem-
ical and physical conditions affecting the production of duck foods—
has been published joinily by the American Public Health Associa-
tion and the Ameriean Water Works Association {7). Needham and
Lloyd (62). Ward and Whipple (84), and Welch %86’ ) have presented
good discussions of the manner in which aguaiie organisms, including
those that are valued as food for wild ducks, are affected by these and
other factors. .

PHYSBICAL FACTCRS

FLUCTUATING WATER LEVELS

No single factor is more potent in preventing the development of
waterfowl feeding grounds than extreme or irregnlar fluctusations in
the water level (pl. 122). In the United States the scarcity of
aquatic and marsh vegelation resulting from this factor is most
conspicuous in the flood plain of the Mississippi River from central
Towa to New Orleans, La., and along the lower parts of practically all
the larger tributaries of that section of the Mississippi. The tre-
mendous fluctnation, together with the scouring action of floods and
the deposition of silt. which are discussed later {p. 123), muke very
uncertain most attempts to improve waterfowl feeding grounds in
that region.

The periodic drying out of shallow upland lales during the later
half of the growing season is commonly noted, particularly through-
out the central and western parts of the United States and Canada.
Unless at least a few inches of water can be retained during the low-
est stages, the successful production of frnly aquatic plants there
1s almost impossible. Levels of lakes and streams that aTe converted
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into storage reservoirs for hydroelectric, irrigation, or flood-control
purposes are often subject to annual fluctuations of § to 5C feet or
more. 1f the fluctuation takes place during the growing season, the
majority of the lakes become biclogical deserts so far as the produe-
tion of wild-duck foods is concerned.

Tidal fluctuations affect the development of aquatic and marsh
plants in & number of ways. Johnson and York (36, p. 749) have
summavized the effects of t1dal changes on plants as follows:

We find that these are of most general Importance in affecting, first, the
amount of traunspiration; seeond, the time availoble for gasevus interchange
between the shoots and the air; and, finally in limiting the light-supply and
hence the effective pholosyuthetic activities of litteral plants. Of secondary
apd only occasional importance are the coffects on eoncentration of the soil-
water at high levels, and the exposure of plants near mean low water fo
rains during low fides.

Thus the location of marginal beds of vegetation is closely related
to tide levels (pl. 127, B).

Regular semidaily tidal fluctuations of less than 4 feet usually are
not destructive to established beds of aquatic vegetation unless the
beds are totally exposed for an extended period during abnormal
low tides, due to winds or other causes. '

Any program for improving waterfowl feeding grounds that have
fluctuating water levels should first give consideration to the feasi-
bility of stabilizing the levels. On many storage reservoirs shallow
arms can be cut off from the main body of water by constructing
low dams or revetted dikes equipped with spillways, thereby per-
mitting the separate development of these stubilized areas without
appreciably reducing the storage capacity. Small creeks ean be di-
verted, dams constructed in high-water oatlets, artesian wells drilled,
and hydraulic Tams or other pumping equipment installed to make
ndjacent water supplies available for restoring dry lakes and ponds.
Sometimes the mere exclusion of livestock from thinly sedimented
lake beds that overlie porous soils will remedy subsoil seepage caused
by the hoofs breaking through the impervious clayey bottom. In
areas where the tidal fluctuations are extreme (more than 5 feet),
marshes that go dry at low tide but are flooded by the upper 2 to 3
feet of the normal high tides can sometimes he impreved by im-
pounding permanent water by means of revetted dikes equipped with
tide gates or spillways. The gates should be constructed so that at
least 1 foot of water will be retained at low tide, thereby permitting
the development of submerged vegetation.

Many helpful suggestions and directions for installing dams, dikes,
wells, pumping equipment, etc., have been published ** (4, 20, 24, 84,
40. 46, 52, 83) ; among these, the following Farmers’ Bulleting of the
United States Department of Agriculture can be consulted: 1703,
Reservoirs for Farm Use; 1279, Plain Conerete for Farm Use; 744,
The Preservative Treatment of Farm Timbers; 1612, Propagation
of Aquatic Game Birds; 1448, Farmstead Water Supply: 1404,
Punmping from Wells for Irrigation; 864, Practical Information for
Beginners in Irrigation.

In areas subject to irregular fluctuations where stabilization of
water levels is not feasible, the improvement of natural feeding

L Ox¥ITED STATES BUREAU OF FISHERIZS. METIIODS FOI THBE IMPROVEMENT OF BTREAMS.
U. 8. Bur. Fishertes Memorandum 1-13, 28 e, illgs, 1838, [ Mimeographed.]
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grounds must be accomplished through the planting of foods that
can survive these unfavorable conditions. A few good or excellent
food plants and a number of species of lesser importance are suitable
for propagation in such situations. Aquatic species should usually
be limited to those that have a terrestrial form. Within the limits of
their natural ranges the plants listed below are useful in improving
feeding grounds 1n areas that fluctnate between a submerged and an
emergent condition; some are limited to brackish, alkaline, acid,
shaded, or other special ecological conditions. This, together with
the ranges and comparative values, should Le checked in the de-
seriptive treatment of cach species in the second port of this bulletin.
They are listed in systemafic order and therefore their position in
this list does not indicate relative food values. Most of them require
considerable moistnre in the soil if they are left emergent, but those

marked wilth an asterisk {*} can
moisture.

Pepperwort (Marsilee vestifa).
Baldeypress {Tuzodinm distichun}.
Burreeds (Sparguninn spp.).

Longleaf  pondweed (Pofumogeion
americanus},

Varigbieieaf pondweed (P, gromincus=
P, heterophptius), aud other foat
ingdeaved pondweeds,

Arrowgrass (Triglochin maritimal.

Ducknotutoes, arrewhends (Saegitturic
5PD. ).

Froghit (Linmmobiam spongin).

Mannuprass (CGlyeeria striatal,

SBaltgrasses (Distichlis spp.).

Sprangletop {Leplochloa fascicularisy,

Rice cutprass {Leersia oryzoides).

*Punie prass, fnl panienm (Pawnicum
dichotontifierum).

*Wild millets {Behinochive spp).

*Chufa (Caperns esculenius).

Squarestem spikerush {Blvorharis
gradrangulate}.

Dnwarf spikernsh (B, parvwia).

Slender spikerush (F. acicularis} and
other spikerushes.

Common three-square {Scirpus ameri-
canis}.

Hardstem bulrush {8. sewius).

Saltmarsh bulrush (8. rodustus}.

Alknli bulrush {85, paludosus)
othier bulrushes,

ang

continue growth with very little

Beakroshes (Rynchospora corniculafu}
(inclusive sense),

Sawgrass (Cladivm jamaicense).

Pickerelweeds (Ponlederia spp.).

*Pn oalk (Querens pualustris).

*Qverenp oak {Q. lyrate).

“Willow onk {Q. phelios).

Water onk {Q. #igra} and oither oaks.

Wiater-olm { Plunere agualica}.

*Nodding smnrtweed (Polygonune
tapathifolivm).

Water smartweod (P amphibivm).

*Mursh smartweed {P. muhienbergii)
and other smuartweoeds.

Glassworfs (Sulicarsia spp.).

Tidemnrsh waterhemp  (Adenide can-
wabingt.

Yelow buttercups and white water
Luttercups (fRununculns  spp.,  in-
cinding Babrachivm).

Creoping waterprimrose
diffusu}.

Mcrmaidweeds (Proserpindea Spp.).

Maorestail {Hippuris vulguris).

Water pennywort {Hydrocotyic ranun-
citloides) and other pennyworts.

Roundleaf waterhyssop {Bacopa
tundifolie).

Buttonbush
talis).

{Jussiara

yij.

{Cephalanthus occiden

EXCESSIVE DEPTES

By far the greater proportion of submerged duck-food plants

grow best in waters Jess than 10 feet deep. For this reason, it is
recommended that when feasible most piantings of these species be
made in water less than 7 feet deep. The depth at which the vari-
ous specles thrive is usually directly controlled by the amount of
light reaching the bottom. Some few important species, however,
require far less light than the majority and consequently are adapted
for growth at greater depth. In some of the clearest lakes of spring
streams satisfactory growths have been found at depths of 25 to 30
feet. Coontail has been noted by Kualmbach and Cottam thriving
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at depths of 29 feet in Wakulla Springs, Fla., and in the same area
successful beds of wildeelery and the giant form of the southern
naiad (Najas guedalupensis) have been found at depths of 22 to 25
feet, In upper Michigan and Wisconsin the northern najad (#.
flewilis) and watermilfoil {(Myriophyllum verticillatum) have been
]fol:{md flourishing at depths of 18 to 20 feet in several of the clearer
ales.

Rickett (69, 70) reported that coontail grows at & greater depth than
any other seed plant in Lake Mendota and Green Lake, Wis., in the
former at o depth of nearly 6 meters and in the latter at 7 to 8
meters. He likewise reported that wildeelery, northern naiad, and
watermilfoil thrive at depths of 5 to 6 meters, and in addition stated
that the flatstem pondweed (Potamogeton zosteriformis) grows at
similar depths. Muskgrasses {Chare spp.), while not seed plants,
are kmown to be locally important as duck foods and have been found
thriving at a_depth of more than 30 feet in a limestone spring near
Manistique, Mich. Wilson {83) reported that the pondweed P.
pusillus ‘grows at a depth of § meters in Silver Lake, Vilas County,
Wis., and there even surpasses the depth of wildeelery and northern
naiad. The plants growing at these depths are usually of dwarf size,
although in Gogebic County, Mich.. the writers oceasionally found
claspingleaf pondweed, or redheadgrass (P. perfoliatus var. richard-
sonity, and the whitestem pondweed {(F. praclongus) fruiting at the
surface of water 12 feet deep.

Sinece ail these plants ulse grow in waters as shallow as 3 or 4 feet,
they furnish a good selection for the development of diving-duck
feeding grounds.

J1IARD BOTTIQMS

Excessively firm sand, gravel, or rocky bottoms present a difficult
problem in developing waterfowl foods. Practically nothing can be
done with rocky- or gravel-bottomed areas {pl. 123, A) unless they
can be covered with a sedimentary soil deposit.  Sometimes silt-laden
waters can be diverted over such barren areas until sufficient soil to
permit plant growth has been deposited.

The 1nitial plantings on firm sand bottoms {pl. 123, B) should
be limited to the few species that can withstand such conditions.
Usually wind and wave action add to the difficulties involved. Be-
fore plantings of submerged species are made, pioneer plantings of
such wave-resistant forms as the firm-stemmed species of bulrushes—
Scirpus acutus in the Northern States and Canada and S, californicus
in the Southern States—should be made by transplanting rootstocks
harvested in similar arcas. These bulrushes can usually withstand
depths to abeut 434 feet. Once these are established and have re-
tarded wave action sufficiently, such sand-resistant plants as the
vuriableleat pondweed {Potamogeton gramincus}, the bushy form of
northern naiad, wildeelery, and later the redheadgrass, sago pond-
weed and the related P. filiformis may be planted. Tn brackish waters
the wigeongrass is more tolerant of firm sand than any other sub-
raerged food plant.

In planting all these speeies it 1s recommended that rootstock or
tnber materials {obtained from firm sand-bottomed waters) be used
and that they be set out in submerged shallow trenches 2 {o 5 inches
deep to avoid loss by wave action.
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O0ZE BOTTOMS

The semiliquid ooze bottoms of great depths raise an even greater
problem in waterfowl-food development than the hard sand-bottomed
water areas. Such bottoms are common in the open-water parts of
many northern bogs. The actual water may be only a few inches
deep, but frequent'fy it overlies a tremendous depth of ooze that is
not firm enough to serve as a substratum for the roots of most aquatic
plants. This ooze commonly contains much raw peat or other poorly
decomposed organic debris and often shows a decidedly acid reaction.
As the bottom ooze gradually becomes denser with the accumulation
of organic materials, among the first duck-food plants to become
adapted for growth there are the spatterdocks, or yellow pondlilies
(Nymphaea microphylla and N. uadvena). waferlily (Castalia
odorata), watershield (Brasenia schreberi), floating-leat pondweed
{Potamogeton natans), ribbonleaf pondweed (P, epihydrus), large-
leat pondweed (P. amplifolius), floating burreeds (Sparganium
Ructuans and 8. angustifolium), and, on the borders, the sedge
(Carex filiformis) and less commonly the arrowhead (Sagittaria
cuneata).

TUREIDITY AND STAINSG

By the exclusion or absorption of sunlight, excessive turbidity and
stains ave frequently respcnsible for the scarcity or total absence
of duck-food plants in important nreas. These conditions may be
produced by physical, biologicul, chemical, or economic factors, or by
any combmations of them. Most common among the causes of tur-
bidity are prolonged suspension of clayey siit in running waters,
particularly following heavy rains., This condilion has been fre.
quently found to destroy some of the finest beds of wildcelery, naiads,
redheadgrass, and numerous other valuable duck foods in the Potomac
River; and in much of the Missouri River and the southern Red
River this turbid condition is permanent and precludes the growth
of submerged vegetation. Wave action in shallow clay-bottomed
lakes often brings similar results. When not too intense it can
sometimes be remedied by planting marl-forming species, including
muskgrass (Chara spp.), waterweed (Anaeharis canadensis} and cer-
tain pondweeds {Pofumogeton spp.). Possibilities for constructive
work in the elimination of this type of turbidity are also offered in
extensive erosion control, the construction of seftling pools, and the
creation of barriers to break up wave action.

The turbidity created by excessive industrial and domestic pollu-
tion is often a greater menace to the growth of submerged plants
than the toxic conditions produced. The maximum turbidity in
many tidal rivers is found at the peint of mixture of the fresh and
brackish waters. where a permanently clondy condition is maintained
by the resulting precipiiation of dissolved materials. Submerged
vegetation is often scarce in such sections.

In shallow mud-bottomed waters the feeding activities of various
vertebrates, chiefly rough fishes and livestock, frequently cause de-
structive turbidity in valuable duck-feeding grounds. The elimina-
tion or exclusion of these vertebrates is the only solution to the
problem.

The late-summer production of tremendous quantities of minnte
suspended algae has often been observed creating a harmful degree




FOOD OF GAME DUCKS 121

of turbidity over large areas. This subject is later dealf with in detail
(p. 130}.

Dark stains caused by dissolved materials absorb the sunlight and
retard aguatic plant growth in the same manner as do materials
that are held n suspension. These stains are occusionally caunsed by
chemical pollutants but mere comumonly result from the leaching of
dead organic materials, chiefly woody debris. The waters of many
southeastern swamps are rendered totally unfit for the production of
submerged vegetation by these organic brown stains. Lake Drum-
mond, in the famous Dismal Swamp of southeastern Virginia {pl
124, A}, is a typical example of such conditions, although other
unfavorable factors also are operative there. Acidity is a frequent
but by no meuns universal accompaniment of these organic stains
and may add to the problem of plant propagation.

Remedies for dark wuaters include flushing, draining, and the re-
moval of woody debris, when feasible, and diversion of the princi-
pal sources of stained tributary waters. Before water impoundment is
made in new areas, the need for eliminating from the basin all woody
debris and other vegetable materirls that muay cauvse such stains
cannot be overemphasized. In a large artificial lake constructed in s
varvefully cleared wooded basin in the town of Greenwich, Conn,, the
clear water and the resniting luxuriant growth of wildcelery, water-
weeds, and pondweeds furnish a striking contrast to the barren dark-
stained ponds ¢reated in uncleaved or poorly cleared basins in the
same Jocality.

The planting of duck foods in dark-stained or turbid waters, where
most of the first-class food plants cannct thrive, should be limited to
emergent species or those with floating leaves, and should be re-
stricted to the shallowest parts. Within their natoral ranges the
following plants (arranged in systematic order) seem the most
worthy of experimentation in stained waters:

Burreed {Spargonizm spp.). Pickerclwecd (Pontederia rordata).

Ribbonleaf pondweed (Polomogefon Water smariweed (Polygonwm amphi-
cpiltydrusy, binn}.

Pondweed (£, puleher}. Marsh smartweed (P. wmuhienhergii}.

Largeleaf pondweed (P. empiifolins}.  Yellow pondlily or spatterdock {(Nym-

Foatingleaf pondweed (P, nalans). phuea advenn).

Arvowhead (Segitlarie cnneaind, White waterlily {Castulia odorata).

Rlender spikerush (Blegcharis acict- Watershield {Brasenia sohveberi}.
turis). Mermaidweed {Proserpingea paiustris)

Duckwerds {Lemnacese) (when nol Featherfoil (Hottonin faflafal (pl. 124,
too ncid). i

In brackish waters of a high degree of turbidity the muskgrasses
{Chara spp.) seem betler able to survive than any of the submerged
seed! plants.

ICE

The scouring action of ice masses in flowing waters following the
spring breakup or the driving of ice into shallow arveas by wind and
waves at times cause severe damage to beds of submerged plants.

In certain types of shallow waters that freeze deep enough to in-
clude the bottom layer of mud, with its accompanying rootstocks,
tubers, and seeds, “ice-I1ft” occasionally removes iEe entire bed. This
usually oceurs when there is a sudden rise in water Jevel before the
bottom layers have thewed sufficiently. The writers have noted the
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rootstocks of the white waterlily lifted from large beds by this type
of ice action in such quantities that for many months the floating
masses made boating impossible on shallow ponds. Sago pondweed
Leds covering scores of acres have bion found similarly lifted from
the bottom of shallow sluggish streams and carried away during a
spring breakup. Incrensed depths, which prevent hottom soils from
freezing, are the principal means of forestalling such damage.

WAVE ACTION

Wave action in large expanses of open water limits the growth of
duck-food plants either through mechanical injury, especially in firm-
bottomed water areas, or by turbidity in waters with mnd or clay
bottoms. The refarding of wave action mny sometimes be accom-
plished by constructing groups of dredged isiands, spoil banks of
excavated channels, rock and willow breakwaters (see description
below under means of retording currentis}. use of wave-resistant
plants, or lowering or raising the water levels. Earthen structures
constructed to retard wave action should be planted with erosion-
resisting vegetation, or protected by revetment when necessary. -

The firm-stemmed species of bulrushes (Seirpus acutus, S. hetero-
chaetus, and N, ed/ifornicus) commonly withstand severe wave nction
in waters as much as 414 feet deep; in water averaging less than 2%
feet deep, the following may be used within their natural ranges:
Common three-square (Seirpus americanus), the giant form of the
spikerush (Eleocharis palistris), buldevpress (Zarodium distichum),
and marsh smartweed (Polygonum muhblenbergit).

CUERENTS

Strong currents often act as a deferrent {o the suecessful estab-
lishment of aquatic nnd marsh plants, even though they prevail for
only a minor part of the year. If other conditions are favorable,
hiowever, improvements can sometimes be made by constructing wing
dams (pl. 125) or varvious types of rock fills to retard currents suffi-
clently to permit aquatic plants to thrive. The wing dams are con-
structed at right angles to the current and consist of a jetty about 8
to 10 feet wide of uny desired height ov Jength, built from layers of
wire-bound bundles (about 1 foot thick) of sandhar willows alter-
nated with layers of flat, thick pieces of limestone and topped with a
heavy layer of these stones. The willow bundles are placed with
their butts headed upstream. Such dams ave often used to black
side channels and uwet effectively in retarding currents in those
situations also.

Wing dams have been in use nlong the upper Mississippi River for
many years to control shifting sand in an effort to maintain a navi-
gable chammel. The major part of the river has too strong a cur-
renf to permit the growth of aquatic vegetation, but immediately
below the wing dams, where the current is retarded, various species
of submerged plants grow successfully. Usually the longleaf pond-
weed and the waterweed are the first rooted plants to gain a foot-
hold in such situations, but wildcelery, naiads, and a variety of
other pondweeds are adapted for growth in those areas if sedimenta-
tion is not extreme.
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SILTIKG

In addition to smothering valuable food. beds, rapid sedimentation
has completely filled in and ruined numerous important waterfowl
lakes throughout the United States. Many more are in the late
stages of destruction. Most of these lakes lie in bottom lands, where
they are subicct to the effects of floodwater silting (pl. 126), but
many are located in upland areas, particulacly in the western half
of the United States, where overgrazing has caused an appalling
degree of hillside erosion and completely destroyed many fine
marshes or reduced them to only u minoer fraction of their former
size (pl. 153). Dersen (65) presents a good discussion of the need
for attacking the crosion menuace ut its sources through lines of
action that will retard the run-off and thereby increase the water
absorption and infiltration of all soils that are subject to erosion.

The sediment in bottom land lakes comes from two principal
sources: (1) Flood-plain silt, which commonly is derived from bank
erosion aleng nearby bottom land channels during periods of severe
flood (often merely representing a locsl transposition of heavy silt) ;
and (2) hillside or distant wpland silts, which are brought in by
tributary streams. The latter elass of silts may first be deposited
at points remote from the lakes and then be transferred by later
floods to points where damage to feeding grounds results,

Erosion resulting in the sedimentation of lake beds may be caused
or accelerated by a great variety of factors, among which the fol-
Jowing are often importunt : Deforestation, hillside cultivation, over-
grazing, making highwny cuts and related ditching, and construe-
tion of drainage ditchies. The rafe of eresion in a particular area
usually depends on the quantity and character of the rainfall, type
of seil, and slope of land. The criginal ercsion. may be in the form
of sheet erosion, bank erosion, or gullying. Any plan to prevent or
retard further erosion, with its resultant destructive sedimentation,
should give consideration to all these factors.

The basis for permanent correction of erosion depends on three
consiclerations: (1} A clear understanding of the specific causes of
erosion in each avea; (2) elimination of the factors found to be re-
sponsible; and (3) correction of the erosion already in progress.
The last field involves a number of features, including the construc-
tion of many types of scil-saving dams and flumes, terracing, contour
furrowing, riprapping, and proper plantings. These are discussed
in detail 1n available departmental and other publications and need
no elaboration here. A list of such publications can be obtained
from the Department of Agriculture, Washington, D. C.,; and many
of the States have also issued publications on the subject.

A lalke bed filled with erosion silt can be restored only by the
costly process of dredging, excavating, or to a limited extent by
means of explosives; therefore, the time to attack this problemr is
at the first indication of its development,

In addition to the destruction of lakes by erosion sedimentation,
many of the most productive lakes are gradually flling up with an
accumulation of the organic debris thaf results from decay. This
process 15 the natural consequence of n» long and useful period of
waterfowl-food production, and in its final stages can sometimes be
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partially remedied during dry seasons by the controlled use of fire
in peaty beds as recommended by Pirnie {67, p. 284).

TEMPERATURE

The effects of various temperatures on the germination of seeds
have been indicated in & previous section (pp. 107-110). In general
it is safest to obtain all propagative materials from regions having
temperatures similar to those in which the plantings ave to be made.
Southern species and varieties are likely to winter-kill in northern
latitudes, and the seeds of northern aquatics that have been planted
in_southern waters are likely to germmate poorly. The pondiveeds
{Potamogeton spp.), which are by far the most tmportant gronp of
North American duck foeds, are typieally northern plants. A single
Inke in the North Central States may produce a greater variety of
ponidweeds than the entire southern half of the United States.
About 40 species of pondweeds are hsted in botanical manuals for
the Northeastern States, whereus less than half that namber are
listed from the Southeastern States. Obviously most of the northern
species are not adapted for growth in the warm southern waters.

Guppy (28) has demonstrated that temperature conditions are
responsible for the infrequency of flowering and fruiting in certain
aquatic plants. For example, he found that coontail requires almost
tropical temperatures for the maturation of its fruit, although that
species continues to thrive and spread by vegetative methods in
cooler waters,

CHEMICAL FACTORS

EXCESSIVE B8ALINITY OR ALFALINITY

The great majority of waterfowl-food plants are adapted for
growth only in fresh waters and soils. A fair number of marsh or
moist-soil plants, however, and a few aquatic species that thrive in
saliéze, alkaline,* or brackish areas, are important sources of duck
foods.

The most common salts found in the alkali regions are sodium
chloride {common salt}, sodium carbonate (washing soda}, sodinm
suiphate (Glauber’s salt), sodium nitrate (Chile “saltpeter), and
magnesinm sulphate (Epsom salt). The more abundant salte of
ocean water (which contains an average of about 3.5 percenr, or
35,000 parts per million, of solid matter) as reported by Dittmar
{15, p. 204} are as follows: Sodium chloride (77.738 percent), mag-
nesium chloride (10.878), magnesium sulphate (4.737), caleium sul-
phate (3.600), potassium sulphate {2.465), calcium carbonate (€.345),
and magmnesinm bromide (0.217 percent}. A simple method for de-
termining the saltiness of coastal waters in the field, by means of
chemical analyses, is described by Denny (14).

In the temperate ocean waters the eelgrass {Zosfera marina) (pl
30} is the only submerged duck-food plant that has been proved to he
of greaf{ importance, although certain marine green algae are eaten
extensively by waterfowl when better foods are not available. Re-

@ In a populnr sense the term “alkal" is ap]plied to anry zoluble ealt that i3 injuricus
to enltiveted cropa ond maost valuable grezing plants in the Great Plains and Grest Basin.
The present discusgion is based on thils coneept, altbough from a chemienl standpoint the
term alkgil shoutld include only those substances that have basic properties.




FOOD O GAMRE DUCKS 125

cent analyses of the stomach contents of diving ducks, as well as field
observations, indicate that 2 southern salt-water plant, shoalgrass
(Halodwle wrightit) (pl. 32), may be of considerable value, and field
observations along the coast of Florida indicate that three other sub-
merged plants of the saline Gulf coast waters may also be of some
importance-—manateegrass (Cymodocea manatorum) (pl. 81), halo-

hila (Haloplila engelmannii) (pl. 46, A}, and turtlegrass (Tha-
lassia testudinum) (pl. 49). In saline waters of the Pacific coast the
surfgrasses (Phyllospadiz spp.) are known at times to be used as
food by diving ducks and are worthy of further study.

The wigeongrasses (Buppic spp.) (pls. 27 and 28) are primarily
brackish water plants and thrive best in walers containing less than
fowr-fifths as much salt as normal sea water, They will continue
to exist, however, in waters having a salt content considerably greater
than that of normal sea water. £. maritéme has been found alive in
tidal pools that had been concentrated by evaporation to a chlo-
rine content equivalent to 41,214 parts of ordinary salt {NaCl) per
million parts of water, whereas the average chlorine content of At-
lantic ocean water (19,588 p. p. m., based on Olsen, 64, ». 715} is
cquivalent to only 32210 p. p. m. of thac salt. Metcal® (50) reported
finding wigeongrass in an alkali lake in North Dakots that had a
total salt content of 77,386 p. p. m., or more than favice that found
in normal sea water.

Several species of muskgrasses (pl. 8) thrive in strongly alkaline or
brackish wafers and sometimes are eaten in large quanfities by gams
ducls.

Two other submerged duck-food plants that withstand strongly
brackish or allkaline conditions are the sago pondiweed and the horned
pondweed (Zannichellic palusiris) {pl. 293, both of which thrive
in water as brackish as that occurring in the upper half of Chesa-
peake Bay. Along the eastern shove of that bay it is not unnsual
to find eelgrass, wigeongrass, sago pondweed, and horned pondiveed
all thriving in the same area, in wafer with a chlorine content equivg.
lent to about 13,000 parts per million of sodium chloride during the
gverage growing season.

Anocther important duck-food plant that thrives well in moderately
brackish and fresh water is the claspingleaf pondweed, or redhead-
grass  (Potumogeton perfoliatus bupleuroides) (pl. 25). In the
Potomac River this plant extends downstream to a point where the
eelgrass reaches its upper limits. During a nermal summer season
the chlorine content here is equivalent to 8,500 to 9,000 parts per mil-
lion of sodium chloride, making the water slightly more than one-
fourth as saline as average sea water,

As one progresses a few miles farther upstream two additional
valuable duck foods, the wildeelery (Vallisnoria spiralis) (pl. 48)
and the southern nalad (Najes guadalupensisy (pl. 35}, reach their
lower limits in water that has a chlorine content equivalent to 6,000
to 8,000 parts per million of sodium chloride (during the average
summer season). The southern naiad appears to be slightly better
adapted for growth in waters with that degree of salinity than the
wilcfcelery.

During years of heavy precipitation these plants make a greatly
Improved growth at these lower limits, as a result of the fresher con-
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dition of the water; but in periods of extreme drought they are
destrayed by the increased safinity. Throughout ordinary growing
seasons sudden fluctuations in the degree of szlinity and accompany-
ing changes in density of these waters cause the leaves and teuder
shoots of the redheadgrass to go through a number of periods of
destruction and recovery. These fluctuations may result from tem-
porary droughts, heavy raius, or strong winds that alter the normal
tides. The injury apparently is bronght about Ly the collapsing (dis-
cussion of osmotic pressure may be found in any textbook on botany)
of the tender plant cells and a loss of their enclosed fluids when
subjected to a rapid or extreme increase in salinity; and possibly by
a bursting of the cells when the water is suddenly freshened around
plants that have become adapted to growth under brackish condi-
tions. The rootstocks and tougher parts of the stems appear to suffer
Little injury from these temporary changes.

The spiny naiad (Neajes marine) (pl. 37) has a peculiar distribu-
tion in certain moderately brackish waters throughout the United
States. It has been found growing luxuriantly in brackish waters
of the sult-producing section in western New Yorl, in moderately
alkaline lakes of the Great Plains, in alkaline lakes of the South-
west, and in certain Florida spring streams that confain considerable
quantities of magnesium and ealcium in the form of chlorides and
sulphates. Additional date, however, are needed concerning its spe-
cific requirements.

Wildrice {Zizania equatica) (pl. 53) ean withstand only an moderate
degree of brackishness, and for this reason interior races of the
species should not be planted in tidal waters. Along the Connecticut
River, late in July 1936, the native form of wildrice extended down.-
stream to & point where the water during high tide was a little more
than one-fifth as saline as average sea water (chlorine content equiv-
alent to more than 7,100 p. p. m. sodium chloride) ; during each ebb
tide the water probably was appreciably fresher at that point. In
mid-September 1936 the native wildrice was noted along the Delaware
River at a point where the water at low tide was about one-sixth as
saline &5 sea water {chlorine content equivalent to 5,320 p. p. m. so-
dium chleride}. Along hoth these rivers this duck food reaches its
lower limif of successful growth near the upper limits of the salt-
marsh cordgrass (Sparting alterniflora) (pl 53). At such points
these two marsh grasses are commonly intermixed for a short dis-
tance, but the planting of wildrice should usually be avoided in
marshes containing this cordgrass. In the Great Plains region wild-
rice has been noted only in fresh-water marshes or those with a very
moderate degree of alkalinity.

The tidemarsh waterhemp (Aeonide cannabina) (pl. 98), a valuable
duck food of the northeastern tidal sections, withstands a great
variation in salinity, thriving in strictly fresh or strongly brackish
gc)ie water if allowed periodical emergence during low tide (pl. 127,
In the western half of the United States and Canada, where al-
kaline soils are prevalent, a number ¢f plant indicators of alkaline
or brackish soils may be used to tell when meist soils contain too great
a guantity of salts for the successful growth of most marsh duck
foods. One of the most widespread and wseful of these indicators
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is the saltgrass (Distichlis stricte. and in coastal arcas the closely
related D. spicate) {pl. 53}, which grows abundantly on the moist
flats bordering the alkaline or braclash narshes. Several species of
glasswort (Sulicornia spp.) (pls. 96 and 97) und sea blite (Suweda
spp.) (pl. 127} also are indicative of such conditions. Wigeongrass
can often be used similarly fo determine when water areas are too
alkaline for the successtul growth of most submerged fresh-water
duck foods, although this plant is cccasionally found in fresh waters.

In most alkaline regions the so-called black alkali (sodium car-
bonate) is considered more dangerous than white alkali {pl. 127, A).
In its pure state this salt is white, like nearly ull the other salts that
cause allnline soils, but dissolving organic matter from the soil gives
it the bluck color., The nitrates act in 2 sumilar fashion and com-
monly take on a brown color. These salts produce a hard surface
crust on the soil, which makes the scopage of water difficult and
seriously interferes with plant growth, Althongh there is evidence
that sodinm carbonate may be more toxic than other sults occurring
in alkaline regions, the hazard to plant growth in such soils appears
to be more directly connected with the degree of concentration of the
total salts present—the higher the concentration the more rapidly will
the plant cells be destroyed or seeds prevented from absorbing suffi-
clent water for germination.

From an agriculfural standpoint it is generally considered that
soils containing more than 1 percent of soluble salts if sulphates pre-
dominate, or 0.5 percent if carbonates, nitrates, or chlorides predomi-
nate, are unsuitable for crop production. The toxic effects of a
particular sall may vary considerably, however, depending on its
ratio to certain accompanying salts or other soluble compounds that
may be present. The same facls can be applied to most ferrestrial
duck-food plants.

The freshening of alkaline situations can be sccomplished only
through continued flushing with fresh waler, thereby causing these
soluble salts to dissolve and gradually leach away.

In addition to the aquatic species alrendy mentioued a considerable
number of marsh or moist-soil plants that furnish tair or pood grades
of duck foods are adapted for growth on brackish or alkaline soils
and can sometimes be used to improve feeding grounds in such
areas.  Within the limits of their natural ranges the following plants
{listed in systematic order) are worthy of consideration:

Pepperwort (Marsilen vesiital, Woestern scirpus {(Seirpus ncvadensis).
Arvowgrass (Prigiochin aaritima). Saltmarsh buliueh (8. robustus).
Saltgrasses {(Digtichlis spp.). Aladi bmlrosh (8. polud@osws).
Sprangietop {Leplochioe fosciewiarig). Glassworts (Saficornia spp.}
Guif-const spikerush {Blegeharis colly- Didemarsh watervhoyp (Aenida conne-
losa}. IR
IDwarf spikerush (¥, parodia). Heliotrope {(Hefiotropinm  curassaci-
Comnon spikkerush (B, pelustris. wni-  enm).

plinis typo). Constul  waterhyssop  {Bucope  wmon-
Spikerush (B, aibidu). Hivria).

Many other plants are tolerant of lesser degrees of alkalinity or
brackishness and may frequently be used in moderately saline soils.
Examples are wild millet (Echinochloa walteri), chufa (Cyperus
cseulentusy, havdstem bulrush (Seirpus aeufus). common three-sguare
(S. americanus), Olney’'s three-square (. olneyi). sawgrass (Clalivm
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jamaicense), marsh smartweed (Polygonum mullenbergii), and dot-
ted smartweed (P. punctatum). ]

Gypsum (calcium sulphate) is sometimes found dissolved from
the soil and deposited as a white crust on dry lake beds, where it is
mistaken for alkali. Although it may be deposited in quantities
great enough to prevent the successful growth of duck-food plants,
it has been proved that it is not possible to dissolve enough of it to
make it injurious to most plants.

Ordinary salt (sodium chloride), on the other hand, may be pres-
ent in injurious quantities and leave no sign of a crust on the surtfuce.

Even such a valuable compound as Iimestene (calcium carbonate),
which is highly important to the growth of many useful food plants,
may be deposited in such great quuntities that it vetards plant
growth. This is clearly shown by the frequent scarcity of aguatic
seed plants in the immediate vicinity of limestone springs and on cer-
tain marly lake beds.

Boron, in the form of borates, has been found in sufficient quanti-
ties in certain western irvigation waters, especially noticeable in vol-
canic sections, to be injurious to plant life. In parts of California.
irrigation waters that contain more than 3 to 5 parts per million of
boron are considered by Eaton (/8) nnsuitable for irrigating various
cultivated crops. At present the effects of horon on aguatic and
marsh duck foods are undetermined and merit eareful study, partic-
ularly where its compounds accumulate through continued evaporn-
tion 1n western lake beds,

ACiniry

Acid conditions have au retarding effect on the growth of many
aquatic and mursh plants, but are of much less importance in the
development of waterfowl feeding grounds than is commonly be-
lieved. It is frequently found that many so-called acid waters
{brown-stained) actually are neutral or moderately basic, and that
their retarding effects on the growth of submerged duck foods are
in reality due to the exclusion of sunlight by the dark stains leached
from decaying woody debris. The most widespread ucid conditions
are encountered in the peat-moss-heath associations of certain north-
ern bogs. There the peak of duclk-food production has long been
passed and swaterfow] habitats ave Jargely eliminated through the
gradual filling in of former water areas with organic debris.

Acidity may affect the growth of plants by checking the work
of nitrifying bacteria and thereby preventing the normal decay of
humus, or by increasing the accumulation of carbon dioxide ‘and
accompanying toxic organic substances. Acidity also has been shown
to have a definite effect on the availability of various soil salts to the
plants. Certain salts that may not be toxic under normal conditions
are reported to become injurlous when concentrations ure increased
under acid conditions.

Hicks (22) has reported that the various species of duckweeds
(Lemnaceae) (pl. 86) differ considerably in their talerance either

12 Phe strength of aeldity angd ulkalinity (in the chemienl sense} of A solufion Is mensured
by ite hydrogen-ion concentration, which chemists express im pf voluations. These pH
units arc used in o manner stivilur to the degrees of tenpersinre oy a thermometey, The
chemist uses pH T as the neutmality point, and when the pH value of i solutlon is lower
than 7 jt 18 tending to become aeid but when the pH value iz greater than 7 it is becoming
alkalive (basic), Mowt ordinury fresh-water Inkes bave a pH runge from abount 8.3 to 8.5,
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to acid or to alkaline conditions. He found that Lemna minor tol-
erated a greater degree** of acidity than any of six other species of
duckweeds that he Investigated,

The duck-food plants listed on page 121 for use in dark-stained,
waters are equally applicable for planting in moderately acid situ-

ations,
BIOLOGICAL FACTORS

UNPESIRABLE PLANTS AND THEIR CONTROL

No form of activity in the propagation of waterfow! food plants
merits more careful attention than the effects of the erowth of one
species upon another. At present there probably is no branch in this
fieid that is in greater need of additional investigation than that of
adequate methods of controlling undesirable species and replacing
them with plants that ave of greater use in the waterfow] habitat,

Waterfowl food plants of various degrees of utility often are found
in active competition with one another, to the detriment of the more
useful species (pl. 130, B), There also is a formidable array of
plants of practically no food value to wild ducks that compete actively
with useflul specles and often take over huge areas completely, ren-
dering them practically worthless as feeding grounds. These nox-
lous plants may be roughly divided into three main groups: Aquatic
seed plants, marsh seed plants, and algae. Under these headings
serlous consideration should be given to the following list, which in-
cludes species that have been found most detrimenta] to the growth
of waterfow] food plants:

Adeanatie seed plants

Waterlettuce (Pistia stratiotes) (pl. 128).

Water-hyacinth (Eiehbornia crussipes) (pl. 144).

Alligntorweed (AMernanthera philozernides) (pls. 129 and 147, 4).

Ameriean lotus (Nefumibo pentupetaia) (Ms. 122 and 130, 4.

Wiaterehestuut, ov caltrep (Frope aweiang) {pl. 131).

Miscellaneous planis of little or no vilue, including bladderworts ( Ftriew-
faria}, waterstargrass {(Heterantherg dubia), water spikerush  {Eleocharis
profifera), and vertaan pondweeds that are normully sterile in North Ameries
(for example, Polemugeton crispus and P, robbingi) (pls. 132-1335).

Marsh seed plants

Cattails (Ppphe sppa) (pl 150, d}—oceaslonally useful us pouge forage.

Mitidencune (Paiivum hemitomon).

Giant cutgrass, or “whitemursh” (Zizaniopsis miliveea) (pl. 141, 43,

Cordgrasses (Npurtiin Sph—&. allertifiors sometimes vitlnable} (pl. 148, H),

Reed, or cane (Phragmnites communis) (pl. 148, 4.

Sultflat grass (Menanthochice Hitoralis) (pl. 136).

River bulrush (Scirpus Huviatilis)—usually sterile and very ruank, hut ovea.
slonally & good foud producer in the Northeastern States (pls. 81, €, and 13%,
B}: the related woolgrass (8. cyperinig} also hes little value and sometimey
vianpetes with better plants (pl. 137, 4),

Suwgrass (Clediune jomeicense)—a fair to good duck food, but often so
dense und rank ag fo choke out gll other vegetation and convert shallow
matrshes into impenetrable jungles (g, 81 and pl. 844, 123,

Sedges (Cares sppd—many spocios are Tair in nsefulness 1= duck foods bhut
others take over semidry nurshes to the exelusion of more valuable plapts,

Sweetflag (Aeorus caleans) (pls. 138 and 150, B).

Needlerush (Funens roemerianis) {pl. 146, 4).

14 Firks reported that Leman mines made its Lest #EOWLl in wuters with & pli range of
G.4 to 6.8 and continued to exist in waters with o pH value of 4.5,
THOBL®—31) o]
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Blackrush (J. gerardi}.

Lizatdtail {(Sawurnrus cornuus).

Waterwillow (Decodon vorticilfatus).

Leatherleal (Chamaedaphne celyenlote and related heaths in northern hogs).

Mints (Mentha spp., Stechys spp., Lycopuns spp., Tewcrimm spp—chiefly in
dry murshes) {pls. 139 and 140},

Saltmarsh Heabine (Pluchcd camphorata) (pl 131, BY.

Algac

Green algae (Chiernphycene) (pl. 147, £}

Blue-green algae (Cyanophycene)

A numnber of species of nlgae at times become very destructive to
submerged seerd plants, This destruction arises chiefly from the
exclusion of light (pl. 147, B) and the weighting down of the taller
forms, but certain gelatinous algae often uttach themselves to the
planis in large quantities and injure them by returding necessary
exchange of gases between the plants and the water; and in the
case of other species an actual toxic condition is appurently created
by their decomposition.

The filamentous 1ypes of the preen algae (Chlorophyceae), which
are commonly known as pond sewns and trequently form dense mats,
either floating on the surfuce or blanketing submerged objects, are
most destructive te submerged duck-food plants. The mmats often
become so thick that sunlight is almost totally excluded und the food
plants weaken and disintegrate. In quiet water one of the most de-
structive blanketing types is Rhizoclonium, and along shores where
wave action is great Cladophore is almost equally harmtul.  In shal-
low water and sunny situations, Spirogyre, Oedogonium, and Zyg-
nema are among the commeon filamentous forms. A number of free-
drifting, one-celled green algne also become so abundant as to retard
submerged seed-plant growth by reducing the sunlight.

During the latter half of the summer 1t is common for huge num-
bers of minute Llue-green wlgae (Cyanophycese or Myxophyceae)
to develop throughout warm lakes, and when this occurs the water
is said te be “blooming” or “working.” These minute suspended
granules, which normaily are scarcely visible to the naked sye, be-
come so abundant during prolonged hot weather that they absorb a
large proportion of the sunlight over the beds of submerged vegeta-
tion and gradually check plant growth. When concentrated by wind
and wave action info fleecy musses these algne have a greenish-yellow
color and soon form a simy scum, which on decomposing gives off
disagreeable odors, often resembling sewer mas. As this scum is
driven in along the beaches and decomposition continues it takes
on a conspicuous bluish-green color. During these final stages of
decomposition adjacent submerged seed plants, including sago pond-
weed, have been noted sickening rvapidly {near McGregor, Towa) as
though some active toxic substance was affecting their growth.
Among the most common of these algae ure Microcystis aeruginosa,
Coelosphaerivm, kutzingianum, Anabuena fos-aqua, and A. circinatus.
A number of gelatinous algae, especially Rividaria {one of the Cy-
anophyceae), attach themselves to many important species of aquatic
food plants and gradually weaken them.” Coontail is one of the
few submerged seed plants that are fairly iinmune from this pest.
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Four main lines of approach, or combinations of any of them, may
be followed inn a program of aquatic and marsh weed control: (1)
Nature may be enlisted in carrying out the work by altering existing
water levels or effecting kindred changes; (2} manual methods may
be employed; (3) mechanical means may be utilized; or (4} chem-
ical methods of eradication may be attempted. Bach procedure has
its Jimitations and advantages, depending on the species of plunt and
the character of the situnation.

In order for control operations to be effective it is highly important
that they be conducted at the proper time. Generally. mechanical
and chemical control operations on plants that have a rather definite
flowering and fruiting season should be put inte practice at the
peak of the flowering period or just after the blooming season is
over but before any fruit has matured, because at that time the re-
serve of stored plant food is likely to be at its lowest cbb. This
usually leaves a brief period for the work. but unless it is done then
much effort and expense may be wasted.

Utitizing Natural Control

Many of the objectionable marsh or moist-soil plants become a
sertous problem only in the shallowest marshes or in those that go
practieally dry for extended periods. This condition can often be
cusily remedied by a slight permanent increase in the water level,
A permanent depth of 2 to 314 feet will graduaily eliminate most of
the objectionable plants. Therefore, the use of low dikes or
dams equipped with gates to permit the regulation of the water
level is often the most practical permunent meustire of weed contvol,

Complete temporary drainage may likewise occasionaily be of use,
especiaily as a preliminary step toward mechanical methods of
control. This method, however, is usually upplicable only to the
truly aquatic species and unless the soil can be thoroughly drained
may actunlly stimulate the growth of noxious marsh plants.

ontrol through the exclusion of Yight can ceeasionally be accom-
plished on a Jimited scale.  In the case of submerged species. this may
be possible in certain areas throngh the creation of u temporarily
turbid condition by means of small floating windmills designed to
agitate soft-bottom soils. Experimental tests would be necessary.
Such windmills can be constructed on inexpensive rifts and towed
to any desired point. Light may be excluded from small patches
in semidry marches and limited control obtained by using coverings
of tur paper or similar weatherproof materials, buf costs nre ustilly
prohibitive for wide use.

Carp may be used in spot contrel on smull submerged patches
when they can be confined to limited enclosures on soft soils, but
they should not be introduced where their escape might become
objectionable. Their use should preferably be limited to areas al-
ready accessible to carp. Conirol by this means should be started
early In spring. before the plants have made appreciable growth.

Manwal Methade of {ontrel

Manuzal methods of weed control, or combinations of manual and
mechanical means, are usually effective only on limited areas, but
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they have a definite place in arresting early infestations of undesir-
able plants and in clearing small ponds.

Early in the summer of 1985 a dense patch of the %iant cutgrass
(Zizaniopsis miliacea) (pl. 141, A) was discovered afong the tidal
Potomac River near Fort Belvoir, Va. Because of the danger of
spread to adjacent wildrice beds, shortly after the Sowering season the
plants were all cut off by means ofy hand sickles just above the
ground level. About 6 weeks later a second cutting was made and
all the stunted leaves that had grown up after the first mowing
were destroyed. A year later the photograph shown in plate 141, B
was taken at this spot and not & trace oifzrthe plant remained. Pick-
erelweed from the surrounding beds was beginning to encroach on the
bare mud that marked the site of the former patch. While severe
winter weather may have aided in this elimination, the evidence seems
to indicate the effectiveness of mowing.

The dangerous Eurasian waterchestnut, or water caltrop {Trapa
natans) {(pls. 142 and 143), which is becoming destructive to im-
portant submerged duck-food beds along the fresh waters of the
cidal Potomac, Tias been successfully controiled in one of the upper
Leds (in the month of an adjacent tributary) by hand labor from a
nearby C. C. C. camp. By use of forks and rakes the floating
rosettes of this annual plant were pulled into shallow-draft boats and
hauled ashore before the seeds had matured. Such work should
always be begun at the uppermost beds to prevent reseeding by mate-
rials drifting in from farther upstream, and it is highly important
that watch be kept during the following season to destroy any young
plants developing from seeds of plants missed during the initial
operations.

Hand-operated underwater saws now on the market can be used
in the control of marsh or certain rooted agquatic plants. These saws
consist of flexible narrow bands of steel with both edges toothed and
weights attached at intervals of 3 to 5 feet. They are sold in short
strips and can be fastened together in lengths us great as 100 feet
if desired. A similar type of saw ean be made from second-hand
Iicker-in wire, such as that used in the combing process af cotton
mills, and described by Gorman (.26) as follows:

Licker-in wire is used in 1 combinyg process in cotton milis and ean he pur-
chased from any of the mill-supply houses ut about 30 cents a pound, which
averages 23 cenfs per foot. This wire i similar to a single-edge stw and is
371G ineh wide and 1/16 inch thick at the hilt. The teeth sre right trigngles,
tapered to Bharp peints, and have a flat cutting edge. They are 1/8 inch deep
and 174 inch on centers. The steel is not well temnered. and in short lengthy
the wire wili break if hent abruptiz, but in long lengths, such as those used
in our work, no abrupt beading was necessary.

By tring the hilts of two “licker-in” wires back to back nt intervals of 8 or
10 inches, with entting edges in opposite directions, a double-edged saw was
made, capable of cutting in either direction of u sawing motionr. In order to
welght the saw and stili aliow it to take the contour of the lake hed, cast-iron
tubes, 4 inches long, were slipped over the saw and Jesded in place af intervals
of 4 feet. Two 100-foot saws aud one 50-foot suw were used in this work, long
ropes heing tied to each end.

The method of using the saw was as folliows: Beginning at the downstream
end, the saw was dropped to the bottom of the lake in the middle third, the
ropes stretching to either shore. Usually five men were empioyed in the work,
two operators on eaeh shore and a man te observe the effect of the work and
direct the shore men. Wherever the saw becume entangled in roots or stumps




FOOD OF GAME DUCKS 135

in the bottom of the pond the party in the boat comd disengage if by using
a lopg hook. The sbhore men worked in pairs about 10 feet back froinm the
water edge, cach holding one end of & 1-inelh water pipe 4 feef long to which
the rope from the saw was tied. In narrow places, when the short sow was
used, but one operater on each shore was cemployed. Frequent rests were
aitowed the operators at first, for the snwing motion was very tiresome until
they became necastomed to it

Sawing was done, of course, against the curreat, the growths risiug to the
surface as cut, and floating down stremm. By purposely Ieuving untonuched a
belt of this nquatie growth aeross the inke, ul o nurrow place, dowsn stroum,
the “Hoainge™ wis obstructed and cotlecied in litte islands that could then
be conveniently drapgped 1o shore.

MHechanical Meuns of Contral

Mechanical means of control may involve the use of aquatic and
marsh mowing machines, floating rakes (pl. 145, ), cables, crushing
devices, and plows.

W. IF. Kubichek reported that two mowings of a dense growth of
catrails along Lake Muttamuskeet, N. C., had retarded that plant
enough to permit a good growth of three-square to replace it during
the following senson. The first mowing was made at the time the
plants were flowering, and this was followed by another mowing as
soon as the plants had agtin reached u convenient cutting height
{about 114 to 2 feet). It is probable that the effectiveness of the
work would have been further increased by a third cutting made
after the remaining new growth had developed during the following
spring.

Underwater mowing machines now on the market ¢an mow at any
depth down to 4 feet. These are operated by gasoline engines, which
also supply the power for propelling the flat-bottomed boats on which
they are mounted. These shallow-draft boats are driven by a stern
paddie wheel, so that they can be operated with a minimum of in-
terference from vegetation,

A crushing device for large-seale operations in removing dense
beds of water-hyacinth (E£ichhornia crassipes) (pl. 144}, recently de-
veloped by the United States Engineers of the First New QOrleans
District, La., is described by Wunderlich {(27). It consists of a self-
propelled barge equipped with u conveyor and corrugated rollers
that crush the plants. The crushed material is returned te the water
as the barge progresses through the beds. Such equipment would be
practicable only on extensive beds in water deep enough to float a
fuir-sized powerboat and sheuld be correlated with other methods
to complete the eradication. In many areas it would eliminale the
use of costly toxic chemicals.

A emaller outfit, consisting of two pontoons equipped with an end-
less-chain conveyor, for use In narrow streams, hus been developed
by the same engineers. This device merely removes the plants from
the water and deposits them on the banks wheve they soon die, Beds
of waterlettuce {(Pistia stratiotes) (pl. 128) can be handied in a sim-
ilar ynanner.

With slight modification, an aquatic reaper for the removal of
gross quantities of waterchestnut (pls. 131, 142, 143) or other aquatic
plants attached to the bottom, might be constructed along the plan
of the Iarge kelp harvesters illustrated by Crandall {12, 9. 107} and
described %Jﬁeﬁ_v by Scofield (?7). The harvester consists of a large
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shallow-draft boat with a submerged cutting apparatus and con-
veyor, somewhat like that of an ordinary grain reaper, mounted on
the bow. The plants could be passed through a grinder or crusher
and discarded in a single operation.

Mowers for marsh use have been developed to operate from light-
weight automobile chassis equipped with special broad-rimmed,
clented tractor wheels. Mowers of this type have been used in New
Jersey marshes in an effort to keep down the dense growths of reeds
and cattails that followed mosquito-control drainage operations. Two
cuttings a season were reported necessary to suppress these two un-
desirable plants.

A weed-crushing device developed by the Bergen County, N. J.,
masquito-control workers is reported to be much more effective in
controlling undesirable plants than the mowing implements previ-
ously in use. Peterson (66), of the Bergen County Mosquito Ex-
termination Commission, has published a detailed description of its
construction. It consists essentially of a light automobile chassis
equipped with very wide-rimmed tractor wheels (combined width of
rear rims 414 feet) upon which are bolted a series of cleats made of
angle irons about 8 or 9 inches apurt and extending across the entire
rim of each wheel. These cleats make a series of crimps in the
crushed stems that was reported to result in a much greater retard-
ing effect on later growth than was obtained by continuous mowing
in the same arca. To destroy the vegetation on the strip lying be-
tween the crushing wheel rims a detachable, cleated roller could be
fastened in the rear and equipped with a frame so that any desired
weight could be added. This type of a weed eradicator was con-
structed at a total cost of less than $500 and is worthy of serious
consideration in any extensive program of giant-weed elimination in
semidry niarshes. Specifications for the construction of one of these
reed crushers have been published (66, p. 72).

Chemticel Contrel

The control of undesirable aquatic and marsh plants by means of
chemicals as an aid to increasing the natural supply of waterfowl
foods is still in the experimental stuage, although chemicals have been
used for many years in the control of the water-hyacinth (37) for
maintaining navigation on southern waters, and in controlling algae
In public water supplies (37). In recent years the value of chemical
methods of controlling certain submerged seed plants as an aid to
fish-cultural practices has been demonstrated by the Burean of Fish-
eries (80).

During 1935 and 1936 the writers experimented with various chem-
icals primarily to determine their effectiveness in the control of
waterchestnut on the tidal Potomac, and incidentally to note their
effects on a number of worthless or Jow-grade marsh plants known
to compete with more valuable waterfow] food plants, The chemi-
cals were used in solutions applied with pressure sprayers, and in
the case of those that could be obtained in the form of a fine dry dust
the experiments were broadened to include dusting operations as
well, after thoroughly mixing the toxic chemical dusts with various
proportions of nontoxic dusts. The chemicals used were sodium
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chlorate, sodium arsenite, sodium chloride, copper sulphate, iron
sulphate, zinc chiloride, ammonium thiocyanate, calcium oxide {quick-
lime) and a conumercial herbicide. Since, in excessive quantity, some
of these chemicals are dangerously poisonous to fishes and other
aquatic organisms, care had to be taken io prevent damage to valu-
able forms of animal and plant life, and in the case of the highly
inflammable sodium chlorate, precautions were taken to avoid any
fire hazard.

These experiments showed that in shallow waters (114 to 4 feet
deep at low tide) with an average tical fluctuation of about 234
feet, sufficient to flush out of the beds twice a day in the isolated
coves as well as in the main river, effective control of waterchestnut
could be obtained if the proper solution was applied during the 12-
day period immediately prior to the earliest muturity of the fruits.
In the Washington section this usually is limited to about the first 12
days in July (In warm seasons it would doubtless be somewhat earlier
and in cool seasons later). The most effective kill was obtained on
calm, hot days by spraying at low tide during bright sunshine, A
solution containing 1 pound of dry, powdered sodium arsenite and
half a pound of sodium chiorate dissolved in 1 gallon of water
sprayed on an area of 150 square feet (covered by a solid floating
mat of the plant) produces a nearly total kill when not applied too
carly in the season (pl. 145, A%. This spraying resulted in total dis-
integration of the beds in a little over 2 weeks. The powdered sodium
arsenite was obtained at that time at 10 cents a pound in large quan-
tities and the sodinm chlorate at 614 cenis a pound.

Other chemiculs were less effective unless used in conecentrations
great enough to be injurious to valuable aquatic life. The concentra-
tions needed here would be too great to use in shullow Iakes or other
still waters, and further experimentation  such situations is neces-
sary. Plants that appeared to be effectively controlied by earlier
sprayings produced a new crop of rosettes and matured fruif late in
the season, long after untreated heds had matured and disintegrated,
Spraying was accomplished by means of 4-gallon hand-operated
sprayers capable of developing a pressure of 90 pounds when fully
charged. A medium-fine spray was found more effective than a very
fine spray and was more easily controlled in the breeze. Sub-
merged growths of wild celery, naiads, and several pondweeds did not.
appear to be affected by this spraying, and a good growth of the big
duckweed (Spirodela polyrhiza) developed on the sprayed plots ina
short time. In still waters, however, where currents do not carr
away the spray solutions, the econcentrations used in these experi-
ments would probably be injuricus to submerged plants.

Sodium arsenite must be used with due caution as it is a dangerous
poison if taken internally by man, game, or livestock. It is likely
to leave emergent soils sterile for a long time and for that reason
is usually unsuitable for such situations in feeding grounds.

Sodium chlorate is inflammable, and care should be taken not only
to keep fire or sparks away from this compound as used in the field
buthalso from clothing that at uny time may have heen saturated
with it,
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In the control of water-hyacinth on navigable southern waters, of-
ficials of the United States Engineers Office at New Orleans, La., pre-
pared their own sodium arsenite for use in spraying operations, as
follows:

1. Bix hondred pounds of white arsenic {arseniocus oxide} and §00 pounds
washing soda (sodium carbonate} are placed in u tank with aboot 800 gullons
of water. This mixture is hrought to n boil and kept beiling for 2 hours.
It ts then drained off and dituted to 9,600 or 12,000 gallons {depending upon the
strength of solution desired), by the addition of the necessary amoant of waler.
By using proportions, 1 pound of arsenie to 1 pound of soda, boiled in 1 gallon
of water and diluted to 16 to 20 gallons of solution, any desired guantity may
be mixzed.

2. For spraying the solution over the hyacinths, a duplex Worthington pumy
{size 434 by 2% by 4 inches) and T-inch steam hose, § ply, with u Fuller nozzle,
Is used. This nozzle is used for the reason that it gives a very fine spray,
which is desirable to sveid waste of materinl, The pressure on the hose Is
usually fifty pounds.

3. Upon wiarm sunshiny days, 1 gallon of the diluted soluntion is, ordinarily,
sufficient to destroy 10 square yards of hyacinths, If the day is eloudy or cool,
& larger gquantity is nccessary. Where the hyneinths are very fall, the spray
does not rench the shorter plants, and the frst application kills only the tailer
ones. A second applicution then becomes necossary in order to reach those not
touched at #rst,

Control experiments with a variely of mursh plants indicate a
tremendous variation in resistance to the same chemical solution for
different species investigated. On semidry marshes in Dorchester
County, Md., needlerush {Juncus roemerianus) {pl. 146) was effec-
tively controlled by a single late-July spraying of ammonium thio-
cyanate (available in an Impure formn as a byproduct of the coke
industry), but saitmeadow cordgrass (Sparting patens) showed little
or no ill effects from its use, One gallen of the solution containing
1% pounds of the crude chemical dissolved in water was found satis.
factory for spraying 150 square feet of mursh. Since this chemical
contains about 35 percent of nitrogen that becomes available to the
soil it does not have the objectionable effects of sodium arsenite,
which leaves the soil sterile a long time for many species. Its effect
on animals is at present unknown and therefore the usual precautions
should be taken. Sodium arsenite, dissolved in the proportion of 1
pound per galion and sprayed on a similar plot, gave complete con-
trol of needlerush but showed little if any injury to the common
three-square (Scirpus americanus), and a year later a luxuriant
growth of saltgrass (Distichlis spicata) was encroaching on the plot.
Copper sulphate sprayed at a similar rate gave a nearly complete
kill of needlernsh, but showed little effect on saltmeadow cordgrass
and three-square. Both copper sulphate and sodium arsenite should
be used with extreme care to prevent poisoning valuable plant and
animal life. The saltmeadow cordgrass was effectively controlled by
a solution containing 114 pounds per gallon of sodium chlorate when
used similarly. River bulI:‘ush {Scirpus fluviatilis) and beggarticks,
or Spanish needles (Bidens spp.), were controlled frirly well by 2
solution of ammonium thiocyanate similarly used.

A1l chemical solutions should be carefully strained before pouring
into & sprayer to avoid clogging the nozzle.

In general, chemical methods are too costly and have too many
attendant hazards for the control of marsh weeds and should be used
only where other methods are found impracticable.
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Surber (80) reported that a commercial sodium arsenite weed killer
containing 4 pounxs of arsenious oxide (A~0,) per gallon had been
successfully used in killing coontail, waterstargrass, waterweed, and
certain pondweeds in shallow ponds for fish-rescue work in the upper
Mississippt Valley. One gallon of this solution is equal to 1 part
per million of arsenious oxide when mixed with 64,082 cubic feet of
water. Effective control of the most submerged plants was obtained
by Surber, without apparent injury to fishes, when this chemical
was used in a concentration of from 1 to 1.7 parts per million of
arsenious oxide in water (or roughly at the rate of about 1 gallon
of the 4-pound solution to from 37,700 to 64,000 cubic feet of water).
The solution was applied in its original concentration (or slightly
diluted when the quantity was small) in a 3-gallon pressure sprayer.
To avoid dangerons concentrations, acenrate estimates of the volume
of water to be treated must be made before sprnying.

Fire may sometimes be used in the control of marsh plants. Va-
rious types of pressure torches, or fire guns using kerosene or light
fuel oils, have been developed for weed control and are on the market.

Copper sulphate in weak solutions has been successfully used to
combat algae. The treatment should begin before the algae have
become abundant enough to be harmful, This chemical is very toxic
to fish if nsed in excessive quantities. Hale (30, p. 24) indieates the
killing dosage of copper sulphate for common fresh-water fishes,
based on the experiments of Moore and Kellerman (54, p. 11) as
shown in table 12.

Tanpts 12.—Killing dosage of copher ulphate for comuton fresh-water fishes
(after Flale)

Part Pounds P, Pounds
: arls per per i ATLS T T
Fisls million | miliion Fish mithon | saiion

gallons galions
B (21 R, 0.14 1L2|{ Goldfish..__.._._...._. _. .. £ 50 4.2
Carn. ... ... L33 2R Pereh_ el .67 55
Suekers.. . ... L3% 2.2 |l Sunfish._.._ ae e . 135 il
CatAsh. ... oo ceiiiccnns 49 G5 | Blaek basso v oo o . 2.00 4.6
Piekerel oo cen i oo .40 15

This subject needs further caveful study, for the toxicity of a given
dilution of copper sulphate is known to increase with & rise in tem-
perature and decrease as the temperature falls, )

Copper sulphate has been used most successfully in controlling
surface algae by dissolving it in water and applying with a pres-
sure sprayer. 1t has been found that submerged algae, however, can
be controlled more effectively by towing burTap bags, each contain-
ing about 50 pounds of the crystals, suspended from the sides of a
slowly moving boat. Moore and Kellerman (54, 55}, Marsh and
Robinson (49}, Domogalla (16}, and Hale (30) have presented valu-
able information regarding the use of this chemical. While there is
great variation in the resistance of various types of algae to this
treatment, most of the species that are injurious to duck-food plants
can be controlled by a treatment of I to 4 pounds of the crystals per
million gallons {or about 183,700 cubic feet) of water. If the water
is very hard or contains a large quantity of organic matter, more of
this chemiecal is needed to control the algae than would otherwise be
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required. A considerable number of Jarge lakes in the United
States are satisfactorily treated with copper sulphate each year, The
writers were unable to discover any evident injury to aquatic seed
plants in Bantam Lake, Conn., which has been successfully treated
for a number of years, but excessive concentrations are known to be
injurious to many seed plants and therefore great care should be
taken in control work, especially in shallow waters.

ROUGH FISBES

In waters with moderately firm sandy bottoms, rough fishes may
often be sbundant but have little injurious effect on the aquatic
vegetation. In the United States the destructiveness of the intro-
duced Kuropean carp (Cypréinus carpio), however, is well known.
The permanent turbidity of the water that results from its rooting
in soft bottom soils often completely eliminates aquatic vegetation
in important feeding grounds. Some of the plants are actually up-
rooted or eaten, but more may be destroyed when the roiled waters
exclude the sunlight. The same effects have been noted to a lesser
extent from the feeding activities of the native American earp {Car-
piodes spp.}, its near relatives the buffalo fishes (Zctiobus spp.), as
well as a number of other members of the sucker family {Catosto-
midae}, and the catfishes (Ameiuridae). In any broad program of
carp eradication, however, the fact must be given due consideration
that in many areas, from the standpoint of quantity production and
total value, the European carp is becoming of foremost importance
as a commercial fish.

Where there are no valuable fishes it is sometimes possible to
poison with copper sulphate those that are destructive, but this chem-
ical should be used rarely and with caution, for in concentrations
grert enough to kill fishes it is likely to be injurious to valuable
plant:. Derris, derived from the crushed roots of a tropical plant
(Derris elliptica}, 1s widely known among tropical peoples as a fish
poison {(44) and is worthy of careful experimentation in the con-
trol of rough fishes,

In lakes where bottom debris would not prevent the use of seines
rough fishes can be successfully eliminated by seining, and often a fair
market price can be obtained to offset the expense involved. Com-
mercial seining during the winter season, in many Minnesota lakes,
has successfully reduced the carp and other rough fishes to the
point where they do little damage. This seining is conducted under
the ice by special methods described by Klancke (38), at a season
when the fishes usually bring a good price. In water areas where
submerged debris makes seining impracticable, trap or iyke nets
with long leaders and also pound nets can often be used satisfac-
torily, and under such conditions, or in water too deep for seining,
gill nets may be useful. )

In some situations rough fishes can be destroyed by lowering the
water levels enough to permit freezing to the bottom; in other areas,
by total temporary drainage. Such methods should not be used where
an appreciable destruction of valuable fishes will result.

OTHER WILD VERTEBRATES

Muskrats {Ondatra zibethica) occasionally become a major factor
in preventing the establishment of valuable marsh plants, particu-
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larly in areas where propagstion is attempted on a small scale.
There the muskrats may devour planted materials as fast as they get
s start. At times it has been necessary to reduce their numbers ap-
preciably in the Upper Mississippi River Wildlife and Fish Refuge,
where they have heen found destroying 30 to 50 percent of the wii‘g -
rice before seed can mature. Wildrice is s favorite summer food of
these fur animals along the upper Mississippl River.

Occasionally, by the construction of dams, beavers (Castor cana-
densis) alter water levels sufficiently to drown out useful beds of
marsh plants, but more often their work increases the area of water-
fowl feeding grounds.

Deer (Odopcoileus) and moose (Alces) at times feed extensively
on marsh and aquatic vegetation, and when abnormally abundant
may occasionally injure early plantings, but such conditions are rare
and need cavse little concern.

In the case of all these animals, necessary control can usually be
satisfactorily accomplished merely by relaxing existing restrictions
on trapping and hunting.

BIK(E{ irds and bobolinks (Icteridae} feed extensively on wildrice
seeds, and the former often are abundant enongh appreciably to re-
duce the supply that would later be available to waterfowl In
their feeding activities, however, they almost always shake off a
considerable proportion of the seed and thus are instrumental in
natural reseeding.

Waterfow] themselves at times become abundant enough on lim-
ited areas to reduce seriously the natural food supply or render the
success of plantings difficult. This is particularly the case In pro-
tected sitnations where the birds concentrate in abnormal numbers.
Tt is safest to prevent such concentrations on recently planted feed-
ing grounds until the beds become well established.

INBECTE AND MISCELLANEOUS INVENTEBRATES

A great variety of insect pests are known to attack waterfowl food
plants and occasionally thus become highly destructive. Examples
are found in the reduced crops of wildrice due to the feeding activi-
ties of lzrvae of a minute moth, which destroys the immature rice
seeds, and of certain fly larvae (Ephydrides and other Diptera),
which damage the leaves and stems of many submerged plants. Oe-
casionally the leaves of wildeelery in Potomac River beds are rid-
dled by thess larvae.

The greatest damage to marsh or aquatic plants is done by various
leaf beetles {Chrysomelidae), snout beetles (Curculionidae}, leaf- or
stem-mining flies (Ephydridae, Scatophagidae, and others), midge
larvee (Chironomidae%, caterpillars (aquatic Pyralididae, particu-
larly the Nymphulinae), caddisfly larvae {Leptoceridse and Hydrop-
tilidae}, froghoppers (Delphacidae), and grasshoppers (Aerididae
and Locustidae). Comparatively little is known concerning practi-
cal methods of controlling many of these pests, and the cost of control
would be prohibitive.

In addition to the insects, certain crustaceans occasionally become
destructive to aquatic plants. Several species of crawfish feed to a
great extent on submerged vegetation, and at least one of them,
Cambarus rusticus (o species common i the lower Ohio River and
its tributaries), is reported by G. C. Embody to be used to eliminate
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muskgrass, waterweed, naiads, pondweeds, blanket algae, and other
aquatic plants from fishponds. Some plants, as watermilfoil and
pepperworts apparently are not attacked by this species. A south-
ern crawfish (C. clarkiz) has been reported {by P. Vivsea to the Bio-
logical Survey) to feed similarly in the vicinify of New Orleans, La.,
and another species (C. hagenianus) is frequently destructive to ter.
restrial plants in southern fields.

PLANT DISEASBES

Very little is known concerning the diseases that affect aquatic and
marsh plants, but from time to time they cause major catastrophes.
During recent years the almost complete destruction 1° of the eelgrass
beds along the entire Atlantic const, by a pathological condition re.
sembling a fungous disease furnishes ample evidence of the serious
problems that occasionally develop in this field. The disappearance
of this important marine food plant has resulted in & critical reduc-
tion in the North American brant population.

The effects of disease are noted frequently in many marsh plants,
but nsually these are not serious enough to cause a marked reduction
in the food supply. Further careful study is needed in this fleld,
how;ver, since no practical means of control have as yet been formn-
lated.

Until methods of disease control are developed, all attempts to
combat the effects of waterfowl-food scarcity resulting from disease
must be based chiefly on replanting destroyed beds with more ve.
sistant varieties or with species transferred from other areas. The

Bureau of Biological Survey is experimenting in the reestablishment
of the destroyed eelgrass beds by transplanting the same species from
the Pacific coast, where at present it is uninjured; and also in the
establishment of other salt-tolevant species. as wigeongrass, in the
depleted areas.

ECONOMIC FACTORS

Some of the economic factors that retard the growth of marsh and
aquatic plants are more or less indirect and have been diseussed un-
der previous headings (as silting, fluctuation of water levels, ete.),
but several stand out conspicucusly as attributable to man’s bad
judgment or to his efforts to gain 8 livelihood. Obviously much of
this damage is unavoidable, but a great deal has been annecessary.
Foremost among these destructive forces are drainage, pollution,
livestock overgrazing, and to a lesser degree, harmful methods of
fishing. Each is here discussed briefly.

DRAINAGE

The reasons for drainage are manifold, Some drainase has heen
effected in a sound effort to improve agricultural lands. On the other
hand, much of it has been the result of unwise promotional schernes,
some of which have forced large numbers of farmers into bankruptey
and oceasionally brought financial ruin to entire counties. Vivid
illustrations are found in northwestern Minnesota. Bankrupt drain-
age distriets have ruined farmers, investors, and waterfowl feeding

* COTTAM, CLARENCE. THE PRESENT SITUATION REGARDING EELGRASS (ZOSTERA BARINGA),
Y. & Bur, Blol. Surver Wijldiife Resesreh and Menzgemont Lenflet BS-2, 7 pp. Febrnary
1935. [Mimseographed.]
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grounds alike in nearly sll parts of the country, but have been most
in evidence in the Mississippi drainage basin.

Formerly productive marshes totaling hundreds of thousands of
acres today lie barren of useful crops and valuable forms of wildiife.
They usually become overgrown with dense tangles of reeds (EL 148,
4), willows (pl. 149, 4), and cattails (pl. 150, 4), and often become
infested with thistles and other noxious weeds, the seeds of which are
disseminated by the winds throughout the surrounding territory.

In recent attempts to abate the mosquite nuisance, a greatly ex-

anded program of draining marshes by digging innumerable small
gitches has destroyed large expanses of the important coastal feeding

ounds of waterfowl and to a lesser extent valuable inland marshes
%}l;]. 151). Near centers of population and in malarial sections, such
work is justifiable but in areas remote from centers of human habita-
tion it has brought much unnecessary destruction through overexpan-
sion. When drained in this manner the coastal marshes commonl
become densely overgrown with such worthless shribs as baccharis
and hightide-bushes (pl. 152). With proper planning and super-
vision effective mosquito control drainage can often be accomplished
in tidal regions without the destruction of waterfowl feeding
grounds. This can be effected through the installation of tide gates
equipped with sills that maintain the minimum water depth necessary
for aquatic plant growth (usually about 1 foot) but permit sufficient
cireulation to prevent the development of mostquito larvae,

Frequently the desired end can be attained just as effectively by
stabilizing Intermittent marshes, as described by Clarke!'® or by
submerging mosquito breeding places as by draining them, and as a
result the areas may be actually improved for waterfowl, Submerg-
ing the areas permits those effective natural enemies of mosquitoes,
the top minnows, or killifishes {Poeciliidae and Cyprinodontidae), to
eliminate the Iarvae. One of the most effective of tlese fishes in the
southern half of the Ulnited States is the mosquito fish {Gambuxic
affinis, inclusive concept), Descriptions of such methods of control
are available in many publieations (33, 56, §2}. |

The restoration of drained marshes is eften made possible by the
construction ¥ of dams, dikes, and diversion ditches. The Bureau of
Biological Survey is engaged in an extensive program of acquisition
and restoration of such areas for waterfowl-refuge purposes at stra-
tegic points along the important migration lanes throughout the
country.

FOLLUTION

Pollution by large quantities of industrial or domestic waste has
ruined important waterfowl feeding grounds in many parts of the
United States. The lower Delaware River and the Illinois River
are striking examples. Industrial waostes usually are more destruc-
tive than the wastes found in ordinary sewnge, for they frequently
contain large quantities of toxic chemicals. whereas domestic pollu-
tants usually become ruinous to plant life only when abundant
enough to cause excessive turbidity. In both classes of pollutants the

# Crantke, J. LYELL. MOSQUITD CONTENL AS RELATED 10 MARSI CONSERYATION,  Des
Plalns ¥Vrlley Moaynito Abatement Diatrier, Lyuns, I, 12 pp., illua. 15337,  [Mlmea-
graphed,1  Reprint of address entitled “Mosquito Ahatement versus Wildiife Presevation.”
before the Chicago chapter of the [llnois Conserviation Conncil, Get, 21, 1937

17 Bep p. 117 for references to publications that are useful in such construoetion nctivities,
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accompanying exclusion or absorption of sunlight is a highly de-
structive factor. Ordinary sewage in moderate quantity often acts
as an actual fertilizer to aquatic and marsh plants when the waters
do not become excessively turbid, but it is Iikely to be destructive to
fishes through the reduction in the dissolved oxygen that usually is
brought about by decomposition.

The most common forms of dangerous industrial pollution are
paper- and pulp-mill wastes, tannery wastes, dye wastes from knit-
ting mills, wastes from illuminating plants, wastes from the manu-
facture of corresive chemicals, metal refinery wastes, oil emulsions
from various sources, salt water from oil wells, and packing-house,
cannery, and creamery wastes, The destructive effects of such mate-
rials can be eliminated only through the construction and proper
operation of disposul or treatment plants at the sources of contami-
nation.

Useful data regarding the construction of sewage-disposal plants
have been published by many specialists in that feld (58, 71, 79},
and numerous publications on the subject of pollution huave heen
issued by the Burean of Fisheries. A good bibliography of the liter-
ature in this fleld can be found at the end of fhe recent valuable
publication by Ellis {79).

GRAZING BY LIVESTKCK

It has already been pointed out that the presence of excessive num-
bers of livestock may cause objectionable erosion sedimentation,
turbidity, and perforation of thinly sedimented bottoms of shallow
basins that overlie porous soils In addition to these factors, direct

destruction of valuable food plarts through the feeding habits of
cattle, horses, sheep, goats, and hogs is conspicuous in numerous
waterfowl feeding and nesting grounds {pl. 153). A reduction in the
numbers of grazing stock or their exclusion by fencing offers the
only solution to this problem.

. COMMERCTAL FIBSHING

Certain types of commercial fishing occasionally are injurious to
submerged duck-food plants. The injury may result either from the
use of fishing gear that tears out the rooting system, or from exces-
sive seining, particularly during the early part of the Zrowing season
when the tender plants are ecasily broken. Regulation of fishing
activities that interfere with growth will forestall this type of dam-
age to waterfow! food plants.

SUMMARY

Much of the failure and wasteful expenditure that has attended
efforts to improve food resources of game ducks is avoidable; the
utilization of information being developed by research will reduce
unnecessary error, expense, and disappointment. Success in in-
creasing or improving food resources for game ducks requires infor-
mation of the three types detailed in this bulletin: Data on the
relative value of the various kinds of marsh and aquatic foods in any
region; identification of the more important species utilized as food.
and knowledge of their habitats and ranges; and principles of plant
propagation and feeding-ground management.
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B242331: B6117M; BJ32831A
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Tech. Bull, 634, U, 5. Drept. of Agriculture




Tech, Bull. 634, L, 5. Dept. of Agriculture PLATE 77

EE1120; B44E55

Totrey's threa-snnace (Soirpus forregi); 1. Rpecinen, % 1s, frome Bumell County, Wis, £, Marsh in
Frankin Conuiy, Vi
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/
o

H 4
Bulrushes related to the threcsquare type, both X 1s: 1, Scirp arfensis, iron an alkalt ¢ lake margin,
Buarke County, N, Dak, B, 8. debziis from \‘. a.shburn Coun nty, Wi
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A, Sothern bulrsh

TEard=ten Didrosh 085, weefus, L,

Rewgamlstonimed budroebs, 1
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CIEER 1.7755, Bias,

Alnrshes of roassd-slennued biltushies (1, sofistem baleiel s pas cigas | jn Becker County, Mo,
showing tvpicil Bss stees and drooping inllereseence £, Boeds of hasdstemn bulonely {5 eeafus, ot
Locomotive Sprines, Kolton, Utab, ¢ Somtbers bulrash oF catgformicer, oo hard sand-bottened
ke, Mariop Coanty, Flu
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st BIE. GiUFaMl

Muorshas of lealy thrre-unuled bidogshes: Lo Sdunaesh bulrush (Seiepice robustus), Blackwarer Migratory
Waterfow | Befuge, Dorelester Caonty, M0 8 Akali babrost 690 pdeedgsas, Greeat Salt Lake, U,
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Akl hodrusle (Svieprs prdadesiss, 2 0L, from Giarder Connly, Nebr.
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PLATE B84

Tech. Bull. 034, U, 5. Do, of Ageiculinre
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B39, BALBMY

S UTamgs ol e apiann (4 ffa o forginion: f, :Innu- vl pickerelwes] (fanfodicie eoedifo o ted b T
Arhimgteny Uonnty, Vi
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BLEITR, BAMT

Dckweeds Oempneeaer (-8, 3 1 .1, Hig duckweel (Spicodefa pofgrhiza), and B, star dackweed
Lhemna frisiicay, hoth from 'rineess Anoe Coonty, Vao € Doaekweed {4, minor, Keokik, Lown,
{3, Wutermeal UVofffin cofuwmiianmy, Mordll Comiy, Nebr, E, Wulfficthe foridend, Prinees Anne
County, M. A, Big doekwead (8 pofgrieza) on s pond o Charles County, M.
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Bl
Monllige 501 et - Ht gt ne Brpmetfeapediinie, <20, Arelingrlun T'obly, Vo
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i B2y

Bomrtweed beds: L4, Nodedinge sinartwerd ¢ Polpgoniem fepathifolinm), Fairficid Ceunty, Cosn, {photegraph
by Al L Clorks. ) Largeseed simctwoend 8 peasglenaien s, Doreloster Connty, Al




Tech, Dull. 634, L8, S, Dept. of Agrizalture PLATE B9

85720, BIE7D

Aquetie for gf wader seoariwee!d (Polygossne s phibinm ) L Specinten, X 2n, from eita County, Mich.
{3. Flunts in thower, gronviog witls Bordstens babins (5eirpus aradis) in backeround, in Inke ot Chleis,
Alnine,
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BETIIM
Terrestrinl form of wilter smnrlweed (Pofygoanm wmphitinm), ¥ 25, Door Caunty, wWis.
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L .
BISETM ;. ETSEOM; BIZA0EM
Alnesh smartwesd (Pofggonam muhlenbergil)s 1, Specimen of wuatic form, showing swollen Doating

stetng, wnken from (8) bed of plonis, Uppser Souris liver, N, Dak. Cy Lusoriand stamd i dey ko bed,
showing survival valie during droucht, St, Charles County, dMu.
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851810, BAELS

Trotted smartweed {Polyyorrimt puartitieny: o1, More than 4,000 seeds Guod a few madlusks), X 1, taken
from the %illlct ol & blaek duck capluced ol Poplar Braneh, N, O, L, Stand of the plants, Dorchester
County, Mk
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Barly~tlannbe - Pufy pouwses pormcasets, s e Taseneil Couaty, (L
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UirawThs ol sprrtweeds. oL Swerp siurbaeed (Po g Sgpdropep catdos o Dorchester County, A,
A4 Tangle of tearthumnb (8 sugftadame, Aclimtton Cotnly, Va,
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Tech, Bull. 634, U, 8, Dept, of Agriculture
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Texch. Bull. 634, L. 8, Dept. of Agriculture

el wb yotninr Nedgegrseda cpreped i o salimaesh, Nortlsigson

A,
it (Nufeornii =00 neur oest of 3 killdeer, teur River mmeshes, Utah,

udbprer!

Charagterestiv growtiis of ghissworts
Courty, Vo, #, 5e
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BIV' M B

Conntuil (Cormtaphphiem demorsum Speeinben, X <5, fram Monteomery Vel y, M,
Cially Bavorebile babitat, Reethun Lake, Tonn , whoe jls b
WM nned Spirmfelu | speetlepinchs s Ngmphaen adienns,
present. G Seed of evontail with spuny appensd ages, € 9,
A

I3, An espo-
tadanee mede cow i ditienlt -davkw ogijs
sl Balleypress o Parodivm Jisticheam o
A deed Diraken amd eatorior parts rooved,



http:IlI:I.lp
http:hal.il:.tl

PLATE 100G

L3N DIEIR, B°0F..

S Hnie watberlily OF waiddae faesto, speeatien, ¥ Dy oo breme Loake stepebe, Tex . stovk, shuwing se-
eral closiers of the burcandtke hiberpetioy tenlies. M, Sl peoistack, =0 - Vel wnterlilies
L0 frhrngn, Nieolhel ey, Al
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Clarewtt Creeh, Franh by oy, V1L

Wilerduehd vBresi g sehrederts, 1, Spociinen, s, frote Henoepon Cotney, den. 8, 1w peseerled amd one-sdeded fais, K10




Tech. Bull. 634, L°. 5. Drept. of Agriculture

[ LT

White water Lastiepenps, speeitnens, « < b fammaestis agnditee Lar v iffes s, oo Clogehie Conngy,
Meds fL K v rerafee, o Hetee e Uiy, s,
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LI 290, 6 7EM, ETOSEAL

Butierenpes: 1, fanuaenfug cpmdithierio, 1. fram DBrown Cwnly, Minn, 8,8 seoferaig, ¥4 Team
Clharles County, M. Cand D, . flabettaris, X b, from Mississinpi liver Lotioms, Butfn Caunty,
Wik, €, aquatie e, S, terresteial for.
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€6326M
Creeping walerprinirose (Jassinea diffus, % 1y, e Arknnsus Commnty, Ark.
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[ ELo ¥ P o Rt )

Woterruilfoils, ‘= o oL Myriophpdie apieddiogd, from Weighl Coyndy, Moo £, M eerticiffutiom, wilh
winder buads, from Fresgqne Isle Cenomy, Mdeh, €5 M defeenphigdfira, Team Muolnle County, Ak
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Foarhl He s Bt

ALprestanil o Flegopateres endin e £, ~peena~, « - .
RYETH S T A I b annd vkt Tower leases. 8, Bed of he
pland, Lake Molhwtr, e

A ttoasD T aze B O Wortte, [Tonsn $Tr e e {Certineh v,
LTI BT HI T TR T viterpent iilit
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BE.IR; BT
Pennywarts v fydeseadpfe L slyming speeinteans, € £ et 1, Ay lomered penny wart S8 wmbediade,
froon Hermeds Connty, Flao f20 Whorled pesuswort 28 serdierffata o feorn ey fle Farisli, L. 6,

Water |u~1\m_\'\\urt VI ragareatfundes o trom Arhogton County, Va5 Bed ol # raiencwforde s, U lares
Coneny, Ml
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B

Befor k1. BLLEEN

Waterhysope cHmopi, A V0 L ConeDal woaterliyssol (80 sannderin, fean Colesiett Parish, ba. 8,
Rownedleal waterbyssope Ui raduwdipfin oo ghe Missistpp Jver bid pans, Jovkson Couty, lowa,
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Tech. Bull 63 U7 5 Dept. of Avricubire
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[ N
Frotewnier snals (0astpapnda-, all =08 mstnd s foed Gy Risterbowd. 0 Poand o pel VISP it Ui )
Fetatrigrs Hothee ulstienl o bdefurmn  Pparhie St U0 tmandies s Plawarfas s 49, 1o
vved sqnl srath s deathoretes Lo Gelpnle <naal - far ageies £ Lieko i rerntcabr 48 o] bl

CFfiemiaiente wediatoams | 1, oty tiaeThied <1l chwivabhr feonerneat b F Vst puzen e W i
L8is rivgicn,
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LA 844299
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Falb-woater soatls s ragarkog il @ S sl as Baal I watorfowd [ defen na cpamtientatn. B, M s
frucad e O tortosesbll Ennpet et teadead®een B Nvetan coctiata 2 P ntie sn 2L Odes
wfuvgian s, G vl slepperstd] 6 o pdado dncanent 0 FE peria thies o £ty i sppatite | f, O e 2o
Weft. 63, bdgticuta 3o vrelte, £ masdoct ] fbei it ed e e I, E reitfect Scawtnle, fa €7 e bane e
Moownnkled purpdestiell « Phaype fawetie 0 N e Teft - paecien,

boeminntar atliers, [ tanate | £
e feey waarn; B0 Nipwear o pheplebas £, N rithe s L Nivsitpiax 1.2 oin et N oo medicas, Sl right, N trits
fatu .,
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Hr TaM

Hivabuve tnflie-b - Pl puoba il o 8 eaben by o ks L Laltle Blne naro-od Ve aifanfindi
£ vihhsd tons b« Mot afmsie, 8 Pork i Gtk sfaptrien o B0 Ltetimettoneetrafan cras i e
FOMnptents tra hle - Cotedlonat e tune 8 ant el W S LTI EE0/TT B P T T LR PR B P T | Y
sliotl o Prevdioe e oceide wtade 8 Larpw o el Span e sBIia Rt oy 0 et oG etree farad N, beni-
Bsped welilin vk wes b -




Tech. Bull. 034 17 5 Dept. of Agriculture PLATE 115

biv X

Neetles v Cufoogaern .« 3 ruttienoniy vt By poangoee dicks 1

Bl fapy

L Ciromind Yawtios Meariex anbferraniciss
Hnnd O eeawhing warer hevtles (Hlalydidoa £, Falipias cormerin; €, Pritodit < 12 prtictaf ite=—£) Wy M,
diving Beerles (13 Nisvidne) - - 0, Colpins aflatus; B Coathydruns ineotor; F, §ydrocanthng fricitors 6, Lacrm
Phiticy decipicns: 44, Hpdeovutus eomproens; £, Hubesens affomxe S, Coefa s fnequeatis W, fhraneehs
griscoxtrintioe: £, Cofgudeter seafptitie: M, Thesmoneches bivefarie- - X, Lotg-harnsd leaf beotles o Aosgeeis
anbtifiers O, sttt hoeotlos § Sphe goplinens aegaadis 210 X, waer <seivinger heetles (1 vedrophilidaer  £2,
digifrophilioe obtieatas: O Tropiderans Malerafie: K, Heroxas sirhgtus, 8, f, fafrsratur =P larva af firedla-
einns diving Teetle (Cpfider Sanbrmataor U7, lona of nater savenger eotle (Hydrony fra iy
17, whirliene bt (f2grenies wantio,
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Terh. Bu'l 634,17
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L oesia

Nnpbs, Bars s, ot pu e of SO Beets ealon by diebs, bl - 5 L Mas Hy pyviaplis Ephe ity —
b, Fedgaanris s B SiCararas < €, Rphiciee iy jaariie D Fyosbane-Hy assnphe {PMlocopien -
Frand B Dterumgeckgs spo 8 peetst 8 Larvae sl pa g of eo s Hie (Trichioyaeray, wichi piss Cholow)
fratie wiiieh remwveed 7R, vavboss vpes of caablistly Barvel eiees: oy o4y tacuwe aned papse P iputa
S 83 M midpe rvne O hivoramns feortaas N Wwrselly beevan CPabuanis wtratos -3, sollir-dy heeyag
(Serutioayidae) 0wl £ Odontsmten spa; €, Ntrulgie sv N brine-By uipae (Fphgdea spy,
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Tech, Bull. 534, UL 8, Depl. of Agricultore
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PLATE 119

878730

Commion Killilishes, or Lop miniows {0y prinodinbidose g Poaribiiclacy, nll 3 Vo, evien by e dieks:

Muiriich (Fundatis heteroctitasy; B, sall-water Killitish, with slongh osen {(F,

fergaiing: O froaly-

aber kiMifialy (& dinpdonnas s B3, msopaito s (Chambisin affimis foffeankiie £ sail-fingod CHTiDst O fordi-

cuestu datipinaey, feobale abyve, el Lelow; £, browd killifisi (O pringdon vurlugatus).
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LiEQERM

Coanrse (orn of sigo pomdwesd [ Pofamogeton fectinefns ) rum Arlinglon Counly, ¥a., showing the sl
Lubers thin develoyued ATIOLLE L e lea ves alfler This hranelt was {orL Tran ik rootstocks and plaged ioghgllow
water i contuet with the soil; suel bennehwes are aseful foe progags fon




Tech. Bull. 634, U. 5. Dept. of Agriculiove PLATE 121

BYiing

L mdner anotiter apaslist bo dhe ciid abeerver, bt e vendaty a fod fuavent foeowibl sdieks, Hinlagise
shew i esaneioone porthers wilsdrizes Vet Qe Leen plagaiemd o e igiegin of o deose b of wiblg aaiilen,
st wed, wogpebog e Topbotaew s oo e E Bt aogae Wizentery Woderloas | Refiee, Moson Coongy,
HL 8, Tlarvestiin eradle G wstdioringe he soeds of walines, dubeiiaesb weperlaants, v of bier wdbinsesh
palipne-,
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BHRITI. BTIOM
Lakes
Hand sire silgect fooestrene Qe igddots inowier leveland ave osually dey dorng Dw latter part of stionmes
van v preatly improved by planding chiefy g res cseinde o aronid e borders and lieshesmned weerl
(Fofngonn ns werhiende g tmrk- Lhad redain weater Iwneest B Simile ake bed inothe bottao lamls
at Lhe poutl of the Ohin River, i ) ¥, Ky, 1 an exiellent crop of mnesh stmartweed o
seatlered plunts of Ameziean hadis € Vel mbn penfopelules= N duten),

L1, Barren, seandrey loke bk e the Tottdnbaeds gloas the White River, Moneoe County, Ark.
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BAISET; RALI4S
-1, Batilleroverorll mnrgin of Devils Lake, N Bak, often g oiager shstaele o e deselolient of water-
fowd fornl plants on werthern htke Sarnefinges a4 lyer of i ean b wished aversuelt margios and make
Lhe preapsueatione of feenl plonrs possilile, H, Bareen, fin wb e ol a ertlowestlern ke, E_\'}]IL"II]“-

bt bo i brove for walerfow), Chongle suseeysitde of pradusd i pooveent by gpliantitg bards e

] nileush
LN o R ot Wave-resEs L s pegics,
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B9

A, Dreayiog eypress stimneps an the mangn o Lake Dewtmomond 1 the Disnigl Swamp, Neafolk © wity,
W, The aeinl condition sad e intens argamic sinits it elaracierize e witer of this haeren ke
prevent the developntent of most uquatie plants. 82, Feathorfoit PHlfunin fnthati) srewinge in stiilar
wnlers of Dragon Swepng, nurthwest of Saltibe Vo, cplindesragds by 0 F <mitle. PN il s we rlhy
of s pwerinteial plasntine. in »-uvh witers, fur shoibwator doeks wore el G foe Lo rtaetively inos
grae sapetuary ot Broleepaen, Cann,
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Painig,

Witg s peedeetzite inlo the W ~ide of e Mississippi Hivee below Houter, Minn, wlieh, tioush
(1;||~.[rutlvnl fenandanin K] sy am e eliael, ofue seever ]l alse o retand the earrent :sllﬂlrlt‘ull_‘,'
fur 1he develnpienend of valuababe Tnals of aquath: -].ml- 12, Hurees Tusded with bienelles of wlllows aml
!{Iul Jl'm'k'-. forr tate wal b Che b ol o Hoabiag sderrick lu the epustriwelion of aow s dam gulisogeaph by 10W

irnhomyg,




Tech. Buil. 634, L1 5. Dept. of Agricultuce PLATE 126

[T

o Seadiient deqposated i bainer dieh seaesh e aosiisle Bend eacon Balfatky Conaty, Wis, from
erietab Tl D] Beeve oo conatradied anan vdjeear Ditele, M Bank evosion oo i mioopof the
Zumiee icnver, Walasha Conniy, % o, e <l irot s lueh, armoe i st o MR-, Pl Heteds
tesdroy el peiviibering welerfowb b ling o s O, Sh-diTedd ined of Prde ke, modjoent i b peaith
of the St lery Miver, whiely s sent~ bafore his photogragoele wir fkedn Woes s e besd boanelat: Tkoe,
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B4c.F1 8491

_b, sensdey, alwslvenernsiwd Dad of Harsehiesd Lake, Rebder s, N0 Dk, withs o dese i of vea
Tditie e i preesey ity wited, el athali e san sonnetines by oo by planting slass-
T S R R R B ] £, v n et el e s Hae teentheonf Miants e, Con, slow b 8
beaned o sy Bl Sampechis aasie it with o beehaerntine ] of <8 ir-H earedprss T Rparfian ¥ ratitora .
~eoely ngregites an Wl cre cottled bue srmpegone D by gl i LideneearsEp watorlaangs Lo e vafe con i s
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A, Flonthng rosebie of waterletines ki wbeatinteal, W0y, AL U0 siuce T wederfow ) el ydzttl~ 10 Lie

(_'uir Stnt?s. 12, Dotise, Baiting tink of watorhetuee igtorspersed w b duek weeds (Lo 3.3, Marion
ouniy, Fhe
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Albiratarwee L Lernaathene plifare andisa, 20V, sk dae amear inthe thaat lees hieesrie e e ians el
e wgterfma ] fad plapteone thy =codte cteen -oed foelf States,
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[=FERCION LT
S anwrtetn Tt Nefamdn paratapedate N bndere i the o e botiotes, Foitan Coanta, W, a
Leanfel asgeisd e planad, bt often o sermes b naee to P srew ) af vabalde wageelow bl IR s—ils

Bunelike ~ceds bave paecly been faand anodeek stomaehs. &, Low tide 17 o bed ol velliw prasnllily, or
L}

Verdo b o Sonanpdiee o wetcan s beed e cbimanabed sovalisble orra ol w rleelery in Fairtax Cowaty,
el Ui seveds are acenswenathy eaien by dicks, e 391t 18 Bkl 10 b muwee of o dubility than
e aerh b nny waterfow feed o geatinls,
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[EEE R R
Sy Vistanl view of foating beds of woterehusst nitt A Prepo autens oo tiw Potonme River, raowth of Osan
Hun., Pritwe Chortes Couey, AL, (rage which print this plag has infested e entire ength ol Lhe
fresli-witer seedton of Lhe Ll Patogie mabont Ysears. 72, Bdse of alepse bebof walvrehest oat i Urines

Gearzes Connty, M, by 3o, 1980, whiel fads aluost entiddy erowdel out ooty valmie Leds of
wildevlery amd other woaeriowl fnnd pbas,
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A, Comaman Wadderwort {C8rendarte vifgerie romy Slamakee Congty, wen, B, Braneh with ldadders
and winter binds Troon Niceollet Copagty, Ming. Sien mdiniration bas wiat farleared rhar thus plang
hies any value as n doek foml—al 1 it Treeotnes abizmdunt cuoteh o rsand e zrowth of vabihie
TuImmrgzed plants—bud there is sowe evidenee tlag i way be deeful in the natural control of mesuitg
BIVEE.
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Bua:ZM
Wilorsenrerass (ffeferamhert dubin).  Stonuel examdontion indieates g chis subimerged plant, which

rosentbles the pondweeds, s tarely eaten by ducks,  Loeally it is an setive camjrtitor of wildeplery,
soga Jondweed, ol other valnable dock food plants.
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~ag i,

e

EGEan

Muckwond (Polpmopion cospus) from ihe Potaine Biver, Prioce Georges Connly, Afd,, an introduced
Egrupenn pondwesd tha presence of wiseh i# o fir indiceator of domestic pollution; in North Ainerica
it racedy produees sved and appears 1o be of lietle, i ary, vaboe o o duek food; lecally it has been fouad
crowding cut valugble submerged plints,



http:dOJlll\St.ic
http:Ut'ol'l.ws

Tech. Buli, 634, L), 5. Prept, of Agricuiture PLATE 135

[Elain ]

Robbins pondweed {Petamopeton rabbinsit) frony Selwolerafll Connty, Mich., a righldeaved submerged
pland of litdde, il any, volue as o duek food; it Farely produces seed aud Tretuenlly erowds ouk mare velugble
species, partivalarly in neethern inkes,
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PLATE 136

Tech, Bull. £34. L. §. Dept, of Agriculture
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valum bl pickerolwiond
{Poatederin foncsafelnd In o siidey [uaesh mlong Savaoaeh Riviw, dusper Conuty, 5, 00w slisht pers
et irnerense inowoter evel sl v P Fener el nerese e btder, M, Cangle of eiver Tudegsi
{85, flaefuiidis] ts alsn pl S5, € e Mississiypi River bothans meer Sudwils, lowa, a spesies Lhat rarely
Traelees TGt SR i fes of seeds o) derpeneds ehivlly mn is wood v-0heeed maorstocks for reprond -
tion; it is of divle vabue as o duek food 1n st sectiogs tiilogeraydy by BLOAWY, Clealiu,

A, Wooltrass (Selr prus cyperinual, worthless as v duek fod, competing with the more
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FPLATE 138

[STRREF R
Sweonflag toleorns anttriess winly fendl, Trean o Gidul rogest s Arlingion County, Vu, taeo adso pl 150, 15,
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Baedshd, Byl M

A, American wermareles tTeeriom camadenser Tronn Toeder of Potomoe River, Arlinzion Coundy, Vo,
A, Inflareseenee of detony LSfaefegs fegertfolin -5 st frumt (e sgoie arey, Phoese cosrse minty nnd
sererid reltte ] speetes are ofe s b ot oo seae ey meesEes Bt Dave praetieally oo valoe for wolerfowl,
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BEZIINA

Wild mint (Mestha conedepsic Traim Weand Lake, Dol Cotnty, Mich., o plang gt s of linde value o
ducks wml often cappeies witls dscis! fud phint in shallow marsdies.
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PLATE 142

Techn Ball, 634, LT 5 et of Agrroudture
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R UM BIoand, BTN

AL Waterebestigt CPrepi pitttess fonn Arlinebon Couoney, Yae Frasing rosette, 200, with o few sub-
werged leaves, A3, Sprootiog frui aboot 3 e € Darbwd e of fruit spur, about =12,
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Ba3TH8; B43707
A Upper end of Lake Manroe, nenr Sanfurd, Fla, ehioke] witl o sulid it of water-hyaeinth (Aichhornia
eregipesy. B, Waler-Divaeinth on the 2,00 phas liver, Lake Counry, Fli, Mareh 20, 1938, foating rafls
of which often drifg for nuny teiles aud rapilly spread this afuatic pest.
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0437.2, Razee?

Txperinnenial control ol s watetehestid ¢ Fra g maieaar alueg vhe dial Potmae: .1 Reetanglar clearing
(it center) resulbing fonspraying with a solution of sucdbom eblornte sl sodicay arsenide, Juiy 11 1985,
4 werks befor the holograph wis taken. B, Flooing rakes developed Tor remmwinge the phutt growes;
ol of rake shown by dawer riohit encter Das vighl curvied tines; rake in conter has erow’s-foot liooks sis-
pended o staut chaies; bdb ypes o he puelled by {eaetor pnlley opserating froa e lased.
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A

CLOBEMY; 43024, @ =

A, Weedlerush (Suneus poemerinnus) in Irit, from Dorehester Couaty, 300 this salemeesh plant s no
dhaek foed value nnd often ehiokes out usefd spocies. 2, Dense needleroste mnsh poaer Churlestan, 3. C,,
with no valuable food plants renmining. €4, Livhit sutomobile vquiped with specinl gear for traversing
marslhs—use{ul in operations for the control of uodesiralle warsh plunds aed in plutibing propogubive
materials (photograph by J. C. Salyer).







Tech. Bull. 634, 11 5. Dept. of Avrieulture FLATE 147

(FLs

R
r“"-‘ bS

e bols of alligatovwor | Ciffereathere phiforerodesy {sec plsg pl. 12 alomg Lake Pa ntelaciealn,

T ehok b onnt. all Sulnneried vesetalion. £, Fluatime irals
il River bultets, aketl Contily, Mivn.
hit, therely injuring the growth ol valuable

A, Floalin
ear Xew Qrkeans, B in winter prened iLien a1t
of BEunentols green e ol SEiegean Lok, i the M=
s e frecuent by Deemne su dense thob tliey exelde suobig

subiperged food pants.
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B'7-05: B
Reed, or cane v Pheapnttes otecaranes | alone gt hoof Bere Emur Ut the v spweeins woortbless ns g water-
I'm'.l foon el ofien gl erowdnne ot v e he God JLEE L emiene o A Nprtena peckinihy ==
S, ogpickaiertane s in e Misissgga I{Iu-r Fuey ity Trem e fes 111 ( aunry, Wik, il rrygss nof somblry
nesius andd ko ln‘nlu\\-‘th.ll e et I chiokoes oo s adad e ool plants; che tIu\.:I\ relitesl i pordgrass
LS eyamkronfer. voofmen vpaally podesardde 1o many hisackast meiesdios
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BEEL6; RIS

a e st of sandbar willows (Satir Faferior) o drey Inke i, Ble Lake Misratory
tird Refrae, Missi-dppi Cannty, AT (o permit e peedeetion of Saarweeds, ebala, amd other nsel |
duck feorls, SVillvws are oftms s pdor obeinele (o the deseiopnent of wuterlowl fond resegrees. B3,
[3ey ararshy i the M i River boiwwns, ‘Trompenlenn Cennty, Wis, with all valuable fied planes
ervwilicd vk Uy worthless mlnts (Foa whem gl Stachgs aod neveles (Urfen (see also pl. 139,
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BELETS; EA30867

A, Catlail {Pypha apgostifofing, the crow i of whiel bas clioked ot 3 vadusbie staul of wildoiee nlone the
Litlnd Podempee my Arkingion Coupey, Vas, lmving opdy rerannns of pickerelweed fin (e forepronmd,
wiidel nlse iz heine elinoaent. B Heavy growili of sweeillog o leorns sinfmiey, o it Qint bas prae-
tienlly no valiue as o owaketfw] food mid T erowaded cul nenely ol eliwer s ssetation ig Lhis marsh in
Chinrles Cenny, Al
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BAdGTa; D542
A, Siwe of o farmerly pomd dhiek plarsh in Xoew Haven Couney. Comi, destroyved By mosquite deainagoe
ditelies, nlong whicl hinhide-tinshes ien feitoscemor are stirbing b dovelop, 8V isdesmble voeslisn-—-
sroa st buskes { Hncehnris fimitfotiny i inckeronnd sl ailomaeshy Bepbane { Plachea camphortn) in
foregroui - ¢aeronching on g draiteol Deackis et alome (he eetern stiore of Clesapenke By,
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1
B44541; D356

K|

roundelingalws (fwcehares feodfifoliny, whieh Lave ehoked aodeained Gdalmarsh in Doceliester Counly,
0]

{
LA - K . v -
Mk, A relatively valueless shraby Lhet ofles develaps in brackish marsbes diniined By mosioito-control
operations. A, 1Hehtide-bishes (fea frafescenrs, whieh bave replaced aovnluable srowth of satliursh
bulrush {Seirpus robusias) ulome n dealnue diteh theoush o braekish mmesl in Someeset County, ded.
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o e
i }Ea%‘?}“ S 4
AoV ST . .

Brolim; Ba2isd

A Wieerfowl desert fn Uanden Coundy, Nebr., ereated By overgrozing in o onner duck-bresding area.
22, Eresien sile flling a forgieriy fine diek paesh fo the Sup simon Valley, N. Mex,, a5 o resuly of over-
grazing on U wdjueent Peluncille Mountuins.
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[Page numbers tu boldface indicate principsl treatment.

Acidity, 128,
Acknowledgments, 2, 103,
Acnide, 9, 11, 108.

cannabing, 0, 11, 81, 104, 118, 126, 127.

tubercuigte, B2,

Ser alro Waterhemp.
Acorus eafemuy, 159,
Acrididase, 139,

Agrostis, 18,

Alces, 130,

Alder, 9, 15, T1.
red, 16.

Alderflies, B9.

Alfslra, 10, 15, b2.

Algse, 9, 11, 12, 13, 14, 15, 10, 17, 19, 140, 140.
blue green, 130,
control of, 137,
fAlamentous, 130,
gelatinous, 130
green, 130,
maring green, 124,

Alirma, 41.

Alismacena, 30,

Alkall, deflned, 124,

Alkali-grass, 15.

Alkalinity, 124,

Alligatorwoeed, 14, 120,

Alnies, 9,15, 71,
oregona, 16,

Alternanthere phitoreroides, 14, 120,

Amaranthuceas, 80,

Amaranthus, B, 12, 15, 18, 80.

Ambrosia, 10, 15, 106,
artemisiifolia, 06.

Ameiuridas, 138.

Amphipode, 80,

Anabgeng-—
cirginatus, 130,
flos-agite, 130,

Anacharis, 12, 36, 42, 104,
cangdenyis, 42, 120
oecldentalis, 42,

See afzo Waterweod,
Anuchiz aeera, 98
Anay—

Sudnigula fufpiguta, B,

futvipuia mocuiosa, 8,

platyrhynchos platyriynchos, B.

rubripes (risfic, 9.

See¢ alzo Duck.
Anreitema 11, T0.

Animal [oods, 87,

Annelids, 7.

Ants, 0D,

Aracens, 67,

Arechoida, 07.

Arrow-arum, 11, 67,

Ses alyo Peltandra.
Arrowpgrass, 9, 16, 38, 118, 127,

Arrowhend, 8, 11, 12, 14, IT, 18, 40, 118, 1320, 121,

See nign Durekpotato,
Arum, See ArTow-arm.
Arena, 16.

tativg, &, 15,

See alzo Oats.
Azonopus fireatus, 14,

Baceeharis halimifolia, 06,
Back swimmers, g0,
Racopa, 9, 95.
monnieria, 95, 127,
rotundifolia, 13, 95, 118.
Baeria platycarpha, 98.
Baldeypress, 9, 13, 22, 118, 122,

Baldpate.  See Dnock.
Barley, §, 15, 16, 17, 104, 116,
little, 9, 15, 46.
Barnacles, 99,
Barnyard gross.  See Millat, wild.
Hatrachium 85, 18,
Bayberry, 11, 71.
See alse Myriea.
Ticach fleas, 9.
Deakrush, 9, 11, 14, 64, 118,
Renver, 136,
Budstraw, 17,
Bee-plant, 9, 15,
Heetles, 90,
crawling water, 1,
darklng, 99.
ground, 9§,
leal, 90, 130.
Tredaceoits diving, &0,
scarpbneld, 89,
snout, 99, 130,
walter, 98,
waler scavenger, 9.
whir]igiﬁ, 80,
Bepparticl 9 11, 12, 13, 15, 96, 136.
Belostomatidae, B9,
DBentgrass, 18,
Boetulnevas, 71,
BDidens, 9, 11, 12, 13, 15, 96, 136,
aristora, 90,
heckii, 8.
bidentoides, 9.
cerntua, 86,
comar, 9.
frandogn, 96,
{acvis, 90,
Billian-tlollar grass, 51.
Bivalves, 11, 12, 13, 14, 15, 17, 18, 97,
Blackbirds, 134,
Blnek duck. Sre Duck.
Blackrush, 130,
Bladderwort, %5, 120,
Blito. &ee Sen blite,
Babolink, 139,
Boraginnceas, 8.
Bornn, 128,
Branchiopoda, 99.
Brasenia schreberd, 8, 11, 12, 13, 14, 1B, 84, 120, 121.
DBring flies, 08, 98,
Brunnichia cirrhesa, 13
Duckwhest, 9, 12, 52, 116,
Buckwhent-vine, 13.
BuiTalo fishes, 138.
Bugs—
creeping water, 00.
zinnt water, 09,
true, 9%.
water, B8,
Bull ppspalum, 449,
'Bl.lli‘llsh,gé 11,12, 13, 14, 15, 16, 17, 18, 57, 105, 113, 115

114, 122,
slkall, 63, 104, 108, 114, 118, 197,
hardstemn, &0, 61, 109, 118, 127,
See also Stirpusaculis,
leafy 3-angled, 81.
rlver, G2, 63, 129, 136,
rayndstem, §8. 1046.
saltmarsh, 62, 104, 104, 108, 114, 118, 127,
slender, 61.
softstem, 5§,
southern, 6l.
Sce alzo Seirpus catifornieua,
swamp, 59
waler, 50,
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Burclover, 16.
Bumeed, ¢, 11, 12, 13, 14, 15, 16, 17, 18, 23, 1M, 108,
118, 121,
Boating, 120.
glant, 24.
Bushy pondweed, 37,
See aleo Naipd.
Butotnacese, 41
Butomus umbelialus, 12, 41, 100,
Butterenp, 9, 14, 10, 1Y, 18, BS.
wator, 15,
whita water, 85, 118,
yollow, 86, 118.
Buttonbush, 9, 14, 12, 13, 14, 14, 96, 148,

Cabomba caroliniona, 14, 85,
Cuaddisilies, 98, 95, 133.
Callrop, See Watorcaltrop.
Comberus, 100,
clarkii, L.
hagenionus, 140,
rusticus, 15,
Sre alse Crowlish.
Cane, 125,
See atro Reed.
Canvashaek. See Duek.
Carahidar, 05,
Curez, 9, 11, 12, 14, 13, 16, 17, 18, 65, 120,
decomposita, B3
Jiliformis, 120,
grandis, 65.
{asiotarpa, 85,
{uputiformiz, G5,
{unghact, 85,
riparia, G5.
rox{rafa, G5,
sitchenyis, i
sricla, 85.
See atyp Sedgy.
Cerp, 112, 134,
Amwericnn, 18,
Europesn, 135,
Carpinus cartfinnad, 72,
Carpioded, 138,
Carya, 13,
Cogtaie, 9, 11, 12, 14, 14, 82, 83, 114,
elegans, 84,
flara, 83, E1.
wwezicand, 83, Bl.
odorata, £3, 120, i,
tuberosd, B4
Castor canadenais, 139,
Catprpi 138.
Catfish, 138,
Catostomidnae, 138.
Cattail, 120, 133, 134, 141,
Celery, See Wildeclery.
Ceatelln asiatica, 4.
Cephnionthus oocidentalis, 8 11, 12, 13, 14, 15, 96, 118,
Ceratophyilneene, 82
Cerafophyifum demeraum, 9, 11, 12, 13, 14, 15, 1, 17,
See afso Coontail,
Cereals, 52, 104, 118,
Chaetochion. See Selaria.
Chaelomer pha tinumn, 20
Chamardaphne calpculata, 130.
Charn, 9, 11, 12, 13, 14, 15, 20, 17, 18, 20, 115, 119, 120,

See elso Muskgrass.
Characese, 23
Chaalelasmies slreperits, 8.
See aivo Duck,
henopodinceae, 79,
Chenopodinm, 19, 15
Chestnnt, See Waterchestnut.
Chinkapin, water.  See Lot
Chirgnomidac, 48, 90, 138,
Chierophyceae, 1.
Chirysomelidas, 39, 130,
Chuts, 9, 13, 54, 164, 105, 109, 114, 11§, 127
Cicula, 16.
Cirripodia, M.
Cladium, 8, 11,
effurum, Sea O Jawmeicenss.
Jamaicense, 9, 13, 14, B4, 118, 127, 1495,
wrariseridex, 12, 17, 18, 64.
mariscus, 5.

Cladophara, 115, 130,
exprRrsa, 20,
Cleome serrudata, ¢, 15,
Clover, 16.
Coclogphagrium folzingiangm, 130,
Colooptora, 98, 90
Commalinruasze, 70.
Compositag, 96, -
Caontrol of injurions animsls, 138,
Cantrol of undesirnble plants, 129, 131, 17,
Convelviiacone, 84,
Coontsil, 0, 14, 12, 13, 14, 15, 16, 17, 82, U4, 115, 113,
119, 124, 130, 137.
Cordgrass, 0, 11, 14, 46.
saltmsrsh, 81, 126, 129,
Ses niso Sparting alferriflore.
snltmeadow, 130.
Corixidre, 09.
Coarn, §, 11, 12, 13, 15, 52, 54, 105, 116
Cottidao, 101
Crahs, 99, 16,
Craze Qlies.  See Flios, crane,
Croelnegus, 13,
Crowiish, 09, 1060, 132
Criekels, 68,
Crustpeesns, 16, 11, 12, 1§, 14, 15, 16,17, 15,47, 09, 134,
Curcuelionidas, 04, 1349,
Currants, 122,
Cusenta, 9, 14, 16, M4,
Culgrass, ¥, 12, 1.
pinng, 13, 1230, 132,
rice, 15, 47, 118.
southern, 13.
Crunophycene, 130
Cymodocen i netorem, 3%, 44, 125
Cyportesns, 535, 104, 108,
Cyperr, 9,11, 12, 13, 14, 15, 16, 17, 18, 53,
erythrorhizos, 54,
escrlentus, 8, 13, 53, 54, 104, 109, 118, 137,
ferax, B4,
hachslefteri 5.
Mrigozus, 54,
Crypress, See Baldeypress.
Cyiwrinidne, L.
Cyprinodonrariegnize 101,
Cyprinedontidag, 164, 141,
Cyprimusearpio, 138,
Cpprs, 100,

Dafilaccutatzitzikan, b,
Seenlzo Duek,

Damaseninmentifornicun., 4 16,11,

Dams, wing, 122,

Dansel flins, 99.

Daphai, 100,

Prarears, 61,

Dhitn, sources of, 7.

Dayfiowsr, 11, 70,

Decapods, 100

Decodon verticillatus, 130,

Doer, 138,

Dreiphacidae, 139,

Dehn duckpotato, 39,

Dejpths, excessive, 115,

Dgrrin effiptica, 138,

Dichromena, 67,

Driptera, 99, 180,

Diseases of plants, 140,

Distichlis, §, 14, 16, 45, 118,
deptata, 4.
apizata, 14, 45, 117, 136,
atricta, 15, 45, 127,

Doek, 8, 12, 16, T3.

Dodder, U, 14, 16, 94.

Dorgsama cepediarum, 101

Dragonilics, 08, 8%

Drainage, 140

Duek-—
baldpate, 8, 11, 12, 13, 14, 15, 16, 17, 18, 10, 46.
binck, 8, 11, 12, 13, 14, 18, 72, §9, BL.
canvusbuck, 8§, 11, 12, 13, 14,15, 16, 17, 18,
Fioridy, 8, 14,
aadwall, 8, 11,12, 13, 14, 15, 16, 17, 46,
goldeneye, American, 8,11, 12, 1, 15, 16, 17, 18,
Tnullard, 8, 11, 12, 13, 14, 15, 16, 17,18, 48, 52, 54, 34,

65, 71, 72,

motibed, B, 14, 70.
ntail, 8,11, 12, 13, 14, 15, 16, 17, 18, 45, 52, 54, 71, 15
relhead, & 18, 12, 14, 14, 15, 16, 17, 18, 42.
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Lduck —Continued,
ring-necked, §, 11, 12, 13, 14, 15, 16, 17, 18, 50, 82,

84, 095,
ruddy, 8, 11, 12, i3, 14, 14, 16, 17, 15.
seaup—
zrealer, 8 11, 12, 13, 14, 15, 186, 17, 14, v7.
lesser, 8, 11, 12, 14, 14, 15, 16, 1%, 18, 71.
ﬁho]\'clcr,s. 11, 12, 13, 14, 15, 16.
teal—
bue-winged, 8, 11, 12, 13, 14, 15, 16, 15, 18.
cinnamen, 8, 15, 16,
green-winged, B, 11, 12, 13, 14, 14, 14, 17, 15, 41, 05.
wigeon, 8, 11, 12, 13, 14, 15, 16, 17, 18, 46, 95.
wood, G7, 72.
Dck-corn, 67,
Duckpolato, 30, 40, 104, 114, 118.
clia, 30
3o also Sagittarie plalyphyiin,
1inicks examined, £, 31, 12,13 14, 15, 16, 17, 15,
Duckweed, 9, 11,712, 13, 14, 15, 146, E7, BT, 82, 10M, §15,
1231, 128, 129,
big, 67, 135,
Soe also Spirodetn polprhiza.
slar, (8.
1ytiscidac, 09,

dichinachfoa, 8, 11, 12, 13, 14, 15, 16, 18, 49, 80, 14, jiv.
crenten, 50,
eritygallf, 8, 11, 12, 15, 50.
creagedfl var, frumenlecea, 51,
crusgafii var. mitis, 51.
orNI-patoiti, 5.
pafudigenn, 51.
walfert, 51,127,
Sre plzo Mllot, wild.
Erlgrass, &, 11, 10, 35, 124, 125, 141
Eichkornig crassipes, 13, 133,
See also Waler-hivacinth.
Fleocharis, 9, 11,12 14, 14, I5, [, 17, 18, 51,61,
aciendaris, 56, 114, 121,
afbida, &5, 57, 127.
cefiuinea, 55, 57, 127,
equiretoides, 55,
inlerstingla, 55.
obfwme, 57.
oteta, 57,

potusiris, 55, 56, 132, 127,
pareuda, 55, 56, 118, 127,
pauciflora, 57,

Predifera, 129,

qitadrangulaia, 55, 118,

robbinsd, 55.

romtelinln, 55.

naiglnmiy, 125,
Elm. See Water-clm.
Elodea.  Seo Angecharie,
Enteramor pha, 93,

clathrata, M),

infestinalis, 20,
Ephemeropters, 09,
Ephydridae, 68, 84, 139,
Euiseium, 0, 12,
Eragrostix, 10, 16, 45.

hyproides, 12, 45,
Eriamatura jamaicensis rubida, 5.

See also Duck.
Erosion, 123.
Eschacholt zin californiva, 16,
Euranunculuy, 86

Fagrceae, 72.
Fagopyrum esculenium, 0, 12,
See alzo Buckwhest,
Friry shrimps, 99,
Fanwort, 14, 85,
Featherfohj, 110, 121,
Fimbrisiplis, 11, 14, 57,
Fir, Donglas, 16.
Fish, 10, 11, 12, 13, 14, 15, 17, 97, 100.
contro! of, 138,
effect of chamicals upon, 147, 1458,
Fishing, effects of, 142,
Fleabane, saltmarsh, 130.
Fleas—
heach, 9.
waler, 89,
Flies, 139,
hrioe, 98, 99.
crune, B9,

Flies—Continged.

harselly, 99,

leaf{-miniog, 139,

soliller, g9,

stem-mining, 133,

trie, 59,
Florida duck, See Duck,
Flowering-rush, 12, a1, 109,
Flactuating water levels, 116.
Fluininea festucncea, 10, 17, 45,
Fooul value of duck-food plaats, 114,
Forcsticra acuminata, 13,
Froghit, 8, 13, 44, 118,
Fraphoppers, 139,
Frogs, 47,
Frogspit, 12,
Fundulus—

digphanvs, 100,

hetergelitis, 100,

wmnjatiy, 100,

Ciudwall,  See gk,
Gafivmn, 17,
Cabusig—

uffinis, 100, 141,

holhrooki, IO,
ffammarus, 104,

Gnstropoda, 11, 12, 13, 11, 15, 16, 17, |13 I
Guylirasecia, 11,

Cerminatinn, 107,

Cierridee, 19,

Grizzard shad, 1m.

Glasswort, 9, 11, 14, 15, 16, 78, 11s, 197,
Claucionettn clanguln americana, §,

Sre afzo Duck,
Gigrerin, 0, 13, 15,

atriafa, 44, 118,
Galdeneye.  See Duek,
Goldficlds, 80.

Gonse, 58,

hlue, 54.

Crnada, 54,
Goosefoot, 10, 15,
Cramineae, 44,

Grape, wild, 9, 134, 88,
Grass famiiy, 44,
Grusshoppers, B9, 109,
CGhrazing, 142,

Cround almond, .
Oronntdselbush, 96,
{ium, 13,

Sec niso Sweetgitmm,
rypsum, 128,

Gryrafus pirens, 18,

I Gyrinidas, 59.
. Baliplidae, 09,

Halodes, 86.
Hatodule wrightif, 36, 44, 1235,
IHafophila engelmannii, £2, 125,
Haloragidnceas, 50
Hamamelidaceas, B
Hard bottoms, 118,
Harvesting of propagative materials, 105,
Hawthorn, 13.
Heaths, 130,
Helianthus, 15,
Heliotrope, wild, 9, 13, 14, 15, 94, 127,
Ietiotropium, B, 14, 15,
chrassoricum, 4, #, 127,
indieun, 13,
spathulatim, 04
Hefisoma trivoleis, 05,
Heamipters, 88, B8,
Hemp. See Waterhemp.
Heteranthera, 9, 12,
dubin, 14, 71, 120,
peduncularis, 71.
Rlckory, 13,
Hightide-hush, 06.
Iiippuriy, 17, 82,
tulparis, 8,12, 16, 18, 92, 118.
Hordeum—
ntodoxy i, 46,
Pusitinm, 9, 15, 46,
virfgare, 9, 15, 186, 17.
See afso Barley,
Hornbenm, Ameriean, 7.
Horned pondweed, 8, 11, 13, 14, 14, 13, 18, 17, 34, 135,
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Horawort. See Coontail.
Horsefies, 89,
Horsatall, 6, 12,
Hadlenie inflata, 119, 121,
Huekleherry, 11,
‘Hyscinth., See Water-hyatinth,
Hydrocheritacene, 42,
Irydrocotyle, B, 13, 14, 52,
ranunculoldes, 94, 118,
umbeliata, 4,
verticiiiate, B4,
Hydrogen-ion concentration, 128,
Hydrophilidae, 85.
Hydroptilidne, 135,
Eymencpters, 30,
Hyssop. Sre Woterhyssop

I¢e petion, 121,

Teteridac, 130,

Tetiobus, 138,

Insects, 16, 11, 12, 13, 14, 15, 16, 17, 18, 97, 88, 130,
Isopads, B

Tea frutescens, 34,

Funeagingceac, 38,
Juneua, 14, 16,
gevardi, 130,
rodrmerianys, 126, 136,
Juasigea, B, 13, B8,
diffusag, g8, 118,
andiffera, B8,
» ptocrpe, 89,

Kaflr, 164, 114,

Kelp, 16,

Hiliifishes, 100, 141,
broad, 101,
fregh-waoter, 100.
safl-fioned, 101,

salt-water, 100,
Knolgrass, 40,

Lncuna vinela, 98.
Lodysthumb, 78,
Leatherteaf, 130.
Leersin, 9, 12, 14,

herandre, 13,

{enticulnrin, 47.

oryzoides, 4, 12,15, 47, 118,

virginten, 47.

Lemna, D, 11, 12,13, 14,15, 16, 1%

wminor, 68, 129,

{rimifca, (8.

See aiso Duckweod,
Lemnacens, §7, 104, 121, 128,
Leatibulariscenc, #5.
Leptocyrkdae, 159,

Lrepfochioa, 13, -

Jaseloularia, 46, 118, 127,
Tobtice, See Wateriettuce.
Lily,  See Wraterhily; Spatterdock,
Timestone, 128,

Limnebium apengia, §, 13, 4. 124,
Lippia, 14,
Liguidambor atyrocifiua, 9, 13, H, 86
Litlering rudia, 98,
Lizardtall, 130,
Lacalities—

coliccling, list of, 5

difined, 4.
Loeunstidne, 130,
Lophatocerpus calyeinus, 41,
Lotus, Ameriean, 12, 84, 1.
Lavegrass, 16, 12, 18, 45,
Lycopus, 130,
Lymnaca polualcis, 83,

Maidencane, 48, 126,
Mplacostraca, 10,
Mullard. See Duck.
Mapnteegrass, 35, 125,
Marnongrass, % 13, 15, 44, 15,
Maps—
range, explanation of, 18,
region, 3.
Marantacese, 71.
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Mereca emericang, 8.
See alre Duck.
Mnrestiil, 9, 12, 16, 17, 18, 2. 118,
Afarstiea, 10, 15, 16,
guadrifolia, 22,
vextita, 22, 118, 127.
Marstlagcese, 22.
WinyQies, 82,
Medicege, 16.
aativa, I, 15,
Seealeo Alfalla.
Medlck, 16,
Adelampua tinealus, B8,
Melilotus indica, 15,
Mentha, 130,
Mermsldweed, 9, 11, 12, 13, 91, 118, 121,
Mesquita, 15
Afierocystis aerupinosa, 130
Midges, 98, B0, 130,
Milfoll, See Watermillail.
Mlitet—
Jupanese, 5.
wild, ©, 11, 12, 13, 14, 15 10, 50, 52, B34, 105, 106,
118, 127,
Milo, dwarl, 53, 14,
Miznnow, 106, 101,

Mollnpidaa, 94,
Meollienesia latipinna, 101,
Mollusks, 10, 97.
double-shelled, 87,
Alonanthockive fittoralis, 123,
wioosa, 138,
Mosquite fish, 100, 141,
Mottied duck. Sre ek,
Mudplantsin, 8, 12,
Mummichog, 8.
Muskprass, ¥, 11, 12, 13, 14, 35, 16, 17, 43, 20, 134, 128,
121, 125, 140,
Muskrat, §8, 112, 113, 138,
Myrica, 9, 1, 14, 71
californica, 71,
carolfinensis, 71,
cerifera, Vi,
Myrieasenr, 71,
Myriophyifom, 9, 11, 12, 14, 15, 14, I7, I8, 83, Ti4.
eratiescens, B,
heterophyliem, U1,
scabratum, DL
spicaiunt, 31,
feneffnvm, 0L,
verticiffetnm, 1. 119,
Myrtle, See Waninyrile,
Myxophycees, 130

Naind, 9, 11, 15, 10, 17, 36, 42, 1, 113, 115, 120, 137
135, 148,
northern, 12, 18, 37, 119,
soutiiern, 13, 14, a7, §19, 125
spiny, 38, 126,
Nyledocene, 24,
Nujas, 9, 11, 15, 18, 17, 34, 42, HH, N4
conferta, 08,
fexilis, 12, 18, 38, 37, 118,
grociitima, 38, 38,
guadafupenais. 13, 14, 30, 37, 119, 125
‘marina, 36, 38, 124,
minor, 38.
wmuenscheri, 37,
See ofzo Naiad.
Nezsarius—
nbyofela, 98,
viter, 08,
Nancoridas, 89,
Meedierush, 129, 134,
Nl mbo—
iutea, Bee N, pentapetala,
pentapelaiy, 12, 84, 120,
Mepidae, 8D,
MNeritina rectivate, 07,
Neltion carofinense, 5,
See afse Duck,
Mruroptera, 99,
Mightshode, bitter, 11
Mitetta, 21,
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Notonectidas, 9¢. Plangrbula compestris, 98,
Wutritlve values, Ses Food values. Plonlags, 16
Nymphaea, 9, 14, 18, 18, 82, Plantaln, 18,
adrena, B2, 320, 121, See afxn Whaterplantain,
macrophyila, 82, Planting, I11.
microphitia, 83, 120, cuttings, 112,
polysepala, 17, 82, roofstocks, 114,
Nymphaeacese, #2, seeds, 113,
Nymphozanthur, Bea Nywphaea. tubers, 113.
Nymphulinae, 139, winter buds, 114,
Nyroca— Flatanuy oecidentalis, 13,
affinie, 8. Plecoptera, 93,
americeng, 8, Pluches eamphorata, 130,
coltaris, 8, Poeciliidae, iuon, 141.
marifa, 8. Poison-Ivy, 13.
uglisineria, 8, Pollution, 141,
See alyo Duck. Polygonacene, 73,
Nyean, 13, FPolygonum, §, 11, 12, 13, 14, 15, 16, 17, 18, 73.
acre. Bew F. punctalum.
Oak, 9, 13, 14, 72, 108, amphibivm, 73, 75, 78, 118, 121,
live, 72. densiflarum, 75.
overcup, 118. hpdropiper, 8.
pin, 72, 118, hydropiperoides, 79,
southern red, ¥2. tepaihifolium, 75, 104, 118,
waler, 72, 118, wuklenbergl, 73, 75, 76, 118, 121, 122, 128,
willow, 72, 118, pensploasticum, 77, WH.
Oats, B, 15, 14, 52, 104, 116, ‘persicaria, 79,
waoter, 111, paorloricense, 75,
wild, 111, punclaivm, 77, 75, 128,
Oc¢ean waler, 124, 125, sagiftatumn, T
Odocoiteus, 130, See alvo SBmariweed.
CGdoenate, UB, 5. . Pondlily, yellow. See Spatierdock,
Qedogonium, 184, Pondweed, 9, 11, 12, 13, 14, 15, 10, 17, 18, 21, 108, (10,
Coagreceiw, B8, §20, 121, 124, 124, 135, 147, 140,
Gndatrn zibethice, 138, - hushy, 87,
Oaganin, 21, clagpingleal, 24, 32, 1135, 119, 1235,
Ooze holtoms, 120, See ofao Hedhendgrass.
Opunfia, 10, 15, fatstem, 27, 110,
Qrthaptern, 98, Noatinglear, 31, 120, 121,
Oryza sotiva, 9, 11, 13, 14, 18, 52, horned, 8, 11, 12, 13, 14, 15, 16, 17, 34, 125,
See nfro Rien. ! largeleaf, 30, 120, 121,
Ostracodn, 69, longlexnf, 38, 109, 118, 122,
Ostrea turida, 97, ribbunleaf, 29, 120, 12t.
Oyslors, 97, : sai{;g, 24, 2a, 104, 105, 2%, 109, §11, §13, 115, 119, 122,
25, 130.
Packing materigls, 107, 100, 110. variablr'zal, 32, 118, 119,
Fufermonefes ecifipes, 100, whitesiem, 33, 119,
Panicum, 9, 11, 12, 14, 48, 49. FPontederia, §, 11, 14, 118,
dicholomifiorim, 44, 118, eprdafa, 11, 12,70, 121,
fsll, 49, 118, tanecoleta, 71,
hemitomen, 43, 120, Pontetlerincear, 70,
virgufim, 5., Pappy, Calilornin, i6.
Faspatum, 8, 13, 14, 48, 50, FPoinmogeten, 8, 11, 12, 13, 14, 15, i6, 17, 18, 24, 115, 124,
boscianurs, 48, 49, alpiniLs. fen £ tenuifoling,
bull, 4. untericanue, 30, 32, 104, 113,
distichunt, 49, ampiifodius, 30, 120, 121,
veginatim, 49, anyustifoling, 1.
Pelocypodn, 11, 12, 13, 14, 16, 17, 18, 87, biepleurnider, 33, 125,
Puitandra pirginica, 11, 67, 70, i capitfacenits, 28, X
Yenoywort, 9, 13, 14, 92, - compressus.  Soe P, zoderiformiz,
many-Alowered, 94, ! crispus, 35, 120,
water, 84, 118, . dimgrphus. See . apirifius,
whorled, 94, diversifofins, 28,
Fepporworl, 10, 15, 16, 22, 118, 197, epitgdrics, 28, 120,124,
Percidre, 101, JSthriffosua, 28,
Peraicaria, See Pofyganem, fillgarmis, 26, 119,
Phitotrin,  Ses Anacharis. Jotlogua, 27
Phlewm alpisunt, 15, friexit, 24, 25, 28,
Phragmites communiy, 120, Jraminens, 25, 32, 118, 110,
See nize Reed. Referaphpifus.” Sve P graminens.
Fhrygnneldue, 59, Ritiir, 28,
Fhplisgpadiz, 125. iftinoensis, 31,
Fleea, 16 fangitigufnine, 28,
Pickerelwesd, 8, 11, 12, 14, 70, 118, 121, frcens, Al
FPickleweed, 70. natang, 31, 120, 121.
Pigeongrass, 9, 12, 14, 15, 51, 105, oakesianug, 51,
Pigweed, 9, 12, 15, 16, B0, ottusifofing, 25, 28.
Plnaceag, 22, ponormiianus, 27, 28,
Pintall, “See Duck. Pectinialus, 24, 25, 33, 104,
Pisees, 10, 11,12, 13, 14, 15, 17, 100, See mlze Pondweed, sago.
Bee afzo Flaly. Perfofiatus, 24, 25, 32,
Pistin stratictes, 120, 133, poraitdiorun, 23,
Planera aquaticn, 5, 13, 72, 118, praelongus, 33, L5,
Planorbis— Pulcher, 29, 121,
parous, 98, pusifiux, 24, 25, 27, 110,
frivoleis, B4, richardsonii, 32, 115, 110,
umbiticatelins, 08, rabbinsii, 25, 120,
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Polamogeton—Cootinged.
pirilive, 28,
strictifolivs, 28,
{rnuifoling, 2,
vaginains, 26, .
zosterifolive, See P. zosleriformir.
zoxteriformis, 25, 27, 110,
See afan Pondwagd.
Prickly pear, 10, 15
Primrose. See Waterprimrosa.
Propagation of fend plants, 103.
Properpinaea, 0, 11, 12, 13, 91, 118,
amblygong, 82.
palualria, 81, 121,
pectinate, 61,
FProsopis ginndufosa, 15,
Freudotange mucronatn, 16,
Pritoearyn, 67.
Puceinelfin nuiieftionn, 15
Pyralididoe, 130,

Gurercu, 0, 13, 14, 12,
{prata, 118,
Ttigra, 72, 118,
pafusiria, 72, 118
pheflos, 72, 118,
rubre, 72
rirginiame, 72,

Guergnedulo—
cynnpiera, §.
discors, B.

See also Duck.

Ragwened, 10, 15, 105,
commeh, H.
Range maps, explination of, 10.
Ranidne, 87,
Raouancualacene, 34
Reanuncufuy, 9, 13, 1, 16, 17, 1§, 545, 115,
agitalilis, 85,
cireinatus, A5,
cymhaluria, 506,
detphinifoling. See R. flabefteriz,
finheliaris, B0
purehii, B6.
seeleralits, 86,
trichophpliuz, 8i.
Redhead, Sie Duck,
Roedheadgross, A2, 42, 115, 118, 120, 125, 125,
Reed, 129, 131, 141,
Regionn] detn, 3.
Reservoirs, 117,
Retnrding tietors aud rowedles, 110,
Rhizecfonium, 130,
Fhyaeophilidac, 90
FRiccia fluitens, 13,
Rice—
caltivoted, 9, 31, 13, 14, 16, 52, 115, 116,
Wy

red, 5%

See aizo Wildrice,
Ring-necked duck., Ser Duck.
Rizularia, 130,

Rockweed, 159,

TRose, wild, 17,

Ruhi’accnc, 896,

Rubus, 16.

Ruddy dack. See Duck.

Rumex, 89,12, 18, 73,
crizpus, 73,
persicarioides, 73,

Ruppia, 9, 15, 17, 26, 34, 36, 125,
maritime, 9, 11, 12, 14, 16, 18, 33, 105, 125
accidentalfs, 33.

See alsa Wigeongrass.

Rush, 14, 14.

Rynchosporn, 9,11, 14,
cornictifala, 14, 64, 118,
wmacrosiachpa, 61,

Sapittarfa, 9, 11, 12, 14, 17, 18, 38, 70, 104, 118,
arifolia. See S. cuneata.
cristala, 11.
cuneata, 39, 40, 120, 121,
helerophpila, 38, 40,
tatifotia, 38, 40.
platyphyile, 14, 39, 40,
subuiata, 36, 41,
weatherhinna, 40

8aga. See Pondweed, sago.
Saticarnie, 9, 11, 79, 118, 127,
ambigua, 14, 15, 16, 80.
bigeforii, 8.
guropea, 80,
mueronata, 30,
rubre, 80,
Salinity, 124,
ix, 15.
Saltflal grass, 126,
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Sallgrass, 9, 14, 15, 16, 45, 118, 127, 136,

Soyriarus cernuus, 130,

Suwprnuss, U, 13, 14, 64, 118, 127, 120,

Scarabaeidne, 99,
Seatophagldoe, 136,
Scaup. See Duck.

Scirpus, 9, 11, 19, 13, 34, 15, 16, 17, 18, &%
acufns, 60, 61, 100, 118, 118, 122, 127

americanits, 58, 54, 81, 109, 115, 1

efrovireny, 4.
codfornicus, 61, 118, 122,
entpesiris. Sea 8. paludosug.
cuhensiz, G,
rry erinns, 4, 12,
dehitis, 5%,
cluherentalns, 58,
SMurfaittia, 62, 63, 13, 130,
heterochaetus, 81, 122,
nanns.  See Eteocharls purrufe.
necaiensis, 59, 127,
aceidentafis.  See 8. qenfns,
ofneyi, 58, 81, 109, 127,
prindosus, 63, 104, 118, 137,
robustus, 62, 104, 118, 127,
See ofsn Bulrush, saltmarsh.

subterminadis,5d,
torrept, 59.
rafidug, 59,
waestern, 127,
See elso Bulrush,

Scferia, 67,

Serophularinecae, Y5,

Seuds, §9, 100,

YBeulpins, 104,

Sen Blite, 16, 127,

Sea-lottuve, 18, 20.

Sen wnter, 129, 125,

Sepwend, 10,

Sedge, 9, 11, 12, B, 15, 16, 17, 18, 63, 104, 104, 108

120, 13,
Bedpn family, 53.
Sedimentation, 123,
Seed, definilion, 19.
SericosLomatidag, 99.
Setarin, 9, 12, 14, 15, 41, 104

genfcuiale, S1.

titfescens, 52,

viridia, 52.
Shad, gizzard, 101,
Shamrock,

Shoalgrass, 36, 125,
Shoveler. See Duck.
Shrimps, 8.
fairy, 90,
fresh-water, 90, 1040,
Silting, 123,

Smarlwesd, 9, 11, 12, 13, 14, 15, 16, 17, 18, 52, 73, 85,

104, 105, 100, 111.
dottod, 77, 123,
largoseed, 77.

See Water shamrock,
: Shipment of propagative materiais, 110.

"
a2,

marsh, 78, 75, 78, 1185, 121, 10, 128,

nodding, 75, 118,
SWamp, 19.
water, 73, 75, 118, 121,

Snpnils, 11, 12, 13, 14, 15, 1§, IT, 15, ¥,

fresh-watar, 08,

salt-water, 97,
Snont beatles, 99, 1349,
Snowhetl, 13, 8.
Snowberry, 17.
Sofenum dufcnmara, 11, i
Sgldier flies, See Flies, soldier.
Sorghum, 52, §3.

rulgare, B, 12, 15, 53
Spnnish needles,
Spargnnincone, 23

5.
See Doggartick.

a7, 16,
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Sparganinm, 8, 11, 12, 13, M, 15, 16, 1Y, 18, 23, 104, 118, | Priticum aeatiora, §, §4, 15, 16,
121, See afzo Whent.

americany m, 24, Turbidity, 199,

angustifolivm, 24, 120, Turtlvgrass, 44, 125,

chiorecarpum, 24. Typha, 124,

curyearpum, 2. Heg fzo Cotinil,

Auctuans, 23, 24, 120

minimim, 24, Tlea, &, 11, 20.

mullipedunculalum, 21, claihrata, 20,

Sperting, 4, 11, 14, 46, 129. intextinalis, 20,

alterniflorn, 46, 81, 126, 12 inptuca, 20,

t:a-ﬁ;m, 48. Umbelliferae, 02,

cymosiroides, 40, Undesirable plaats, 129,

gracifiy, 40. control of—

feinntha, 4. , i chemiend, 134,

wmickeuriont. Sce &, pectingte, mneal, 130,

patens, 46, 130, mechinnical, 133,

Sertinne, 4 Urtioncone, 72,

E . 46, AT 2,
Spotterdock, 9, i4, 16, 17, 18, 82, 120, 121, Clrionigrid, 65, 12,
g‘ppium gupmm, 4, See alse Dhiek, '
Syders, gy, » ; iradi E TOIR BT 5
Spikerush, 9, 11, 12, 15, 14, 15, 16, 17, 18, 54, 165, 122, b rn‘:'].‘;r;enﬂ, apirudiy, , 11, 12, 14,47, 18, 37, 43, 101, 115,

17,

common, 55, 127,
dwnrt, 56, 119, 197,
Quif-const, 57. 197,
iointed, 54, 55,
siender, 56, 114, 121,
stunrestem, M, 55, 118,
trinnglestont, 55.
Wator, 128,

Spirotela pelyrhiza, 9, 11, 12, 15, 35, 67, U5,

Spirogyra, 8, 10,
Sprangictap, I3, 6. 114, 127,
Spruwe, 16,
Stackyy, 130,
Stegnicolo palwstris, 95,
Stained water, 120,
Starprnss.  See Walerstargriss.
Stone figs, 90.
Storage, W7,

bins, 110.

crates, 149,
Stratintyildas, 99,
StyTacavens, 94,
Sfprar, 13, 84,
Suaede, 16, 127,
Sueker, 133.
sunflower, 15
Surlginss, 125
Swranp-prived, 13,
Sweet-clover, yellow, 15,
Sweat Dag, 120
Swectpum, 3, 13, 14, 86.
Switchgruss, 50,
8yenmore, L3,
Symphoricarpos, 17,

Tabanidae, 99.
Taredium, 9.
distichum, 13, 22, 115, 122,
Tea). Sez Duek,
Tealirnss, 45,
Tearthumhb, 78
Temperature, 124,
Tenebrienidac, 99,
Tencrium, 130,
Thalassia lestudinwgm, 44, 125,
Thatia, ¥1.
deatbele, 14,
Thistles, 141,
Three-square, 57, 58, 81, 100, 133,
¢ommon, 58, 118, 122, 127,136,
See alen Seirpuy amoricanns,
Olaey's, 58, 197, .
Seo also Scirpud alnrepi.
Torrey's, 59.
Tide gress, 46,
Timothy, alpine, 13
Tipulidae, 90,
Tolypelia, 21,
Top minzows, ¥4, 141.
Tortcodendron radicana, 13,
Tropa natany, 108, 129, 132,
See alse Waterehestnut,
Trichoplern, 94, 89,
Trifolivm. 10

Triglochin maritima, 9, 16, 38, 118, 197,

Hez wizo Wildeelery.

Vitneene, 88,

Vitin, G, 13, 88,
aesfivally, 88,
efneren, B8,
cordifolin, 88,
refundifofin, B8,

Wapats,  See Dmekpotnto.
Wasps, U9,
Waler freclles, 98,
Waler hoatmen, i,
Wuler bugs, 38,
Watercalirap.  See Waterchesinui.
Watorehestnut, 108, 129, 132, 134, ki,
Water chinlapin.  See Lotus,
Water-cim, 6, 13, 72, 146, 115,
Water flens, 09,
Water hemloek, 16,
Waterhemp, tidaraesin, 9, §, 81, 1, 106, 30, 10,
118, 126, 137,
Water-hiyacinth, 129, 138, 136
Waterhyssop, 9, 93,
constal, 95, 127,
rowsudlend, 13, 95, L4,
Waterlottoee, 129, 131,
Water levels, Suetuating, 116,
Waterllly, 8, 11, 13, 1%, id, 84, 190,
hanang, 84.
whito, 82, 121, 122,
Water marigold, 96
Watermen!, 70,
Watermilfoil, v, 11, 12, 14, 15, 16, 17, 18, 85, 114, 140,
Waterpepper, T
Waterpluntain, 41,
Waterprimepsd, 9, 13, 88,
creeplng, 88, 1158,
Walsr scavenger beetles, 99,
Water scorplons, 05.
Water shamrock, 22,
Watershiold, 9, 11, 12, 13, 14, 15, 84, 1), 124,
Walerstargrass, M, 71, 139, 187,
Water striders, 99,
Waterwoed, 12, 38, 42, 104, 190, 124, 192, 137, 140.
Waterwillow, 130.
Wava action, 110, 122,
Waxmyrtie, 9, 11, 14, T1.
Weeds,  See Undesirable planis.
Whent, 9, 11, 15, 16, 52, {4, 116.
Whirligig beotles, §2. .
Whitemarsh. See Cutprasss, gint.
Whitatop, 10, 17, 45.
Wigeon. See Dugk.
Wigeongress, 9, 11, 12, 14, 15, I, 17, 18, 26, 31, 34,
03, 119, 125, 127, 140,

1
X Wildestery, ¢, 11, 12, 14, 17, 15,‘ a7, 43, 104, 114, 115,

118, 128, 121, 122, 125, 135, 139,

; Wikirice, 0, 11, 13, 14, 18, 47, 104, 105, 107, 108, W%, 110,

114, 112, 115, 116, 126, 132, 130,
Willow, 15, 141,
Wing dama, 122,
Winter brds, 25.
Wolffin, §, 70.
rafumbiana, 70,
punclaty, 70,
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Woiffiella, 6, 70.

oridana, 70,

ood duck. See Duck.
Woolgrass, 84, 120,

Yields of food plants, 114,
Yucleront, sz:e Lotas.
Yonkapin., Jee Lotus.

Zannicheltia paluyiria, 3, 11, 32, 13, 14, 15, 16, 17, 34,
125

Zea mays, 9, 11, 12, 13, 15, 53.
See alss Corr.
Zizania, 47,
wgueaijea, ¥, 13, 12, 14, 18, 48, 164, 126,
egualics var. anguslifofia, 48,
texana, 48.
See airo Wildrice,
Zizaniopais miligee, 13, 129, 132,
Zostera maring, 9, 11, 16, 35, 124, 140.
mering var. fetifelia, 35.
Zygnema, 130,
Zygonecles diaphanus, 100,
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