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A. Environmentdal Contamination by Chlorophenoxy Herbicides

Each year about 27 million acres of éropland'invthe Canadian
prairies are apréyed with phenoxy herSicides (Maybank. and YoShida,
1969). of the ‘approximately 20 million pounds of 2,&-D”and MCPA
applied to crops, con51derable quantities can escape to non-target
areas, The hazards of herbicide drift to agrlcultural crops are
well recogq}zed as reports of damage to box elder trees, rapeseed,
aunflowers,.éweet.clover and shelterbelt trees aré Eommon. In sputh
central Saskat;:hewan, for axaniple, it is impossible i;o"i"ind a box
elder tree in July that does not show symptoms of damage typical of
that caused by 2,4-D (Hay and Grover, 1967). -

During spraying operations the herbicides céhtri&utg
micronized particles and/or volatiles to the atmosphaie. Even after .
the herbicide ﬁas contacted the scil, plants or othgrvpbjects,
volatile chemicals (either the original herbicide or its degradation
products) may reenter the atmosphere in vapour'form-(quvand
Binghan, 1970). | | |

Maybank and Yoshida (1969) have demonstrated that under
recommended spraying conditions in Saskatchewan, up to 30% of
ground sprayed, 2,4-D is subject to drift. o

Grover‘etval. (1972) experimented with 2,&-3 dfifﬁ and
volatility at Suffield Alberta. They showed that- uithln the first
hal f-hour after conventional ground spraying, up to 30% of the

butyl ester was collected as a vapour drift, in addition to the



drift, Therefore, it ié by no means an exaggeration to say that
over 50% of a 2,4-D ester application can go inlo the gnvironmant
as a pollutant. |

The only concern expressed by the agriculturalists is that
herbicide movement may damage sensitive crops or ornamentals, In
fact the Alberta Weed Control and Field Services Branch recommends
spraying heavy doses of herbicides in stubble fields aﬁd along
fence rows during the fall, as drift or volatility ﬁresent no
problems at this time (Anon., 1972). _

It is often said that the biological significéﬁée of these
v;ry low concentrations in the air have no£ yet been established.
The fact that there is documented damage to other crops, shelter-
belts etc, indipates that there is conclusive biological
significance. What is upsetting is the fact that there is no one',
looking for corresponding damage in the natural enviropment. ‘Most
of the noticeable plants, e.g. trees are relatively registent to
2,4=D, Thus,‘whén they are damaged, the dose must.ﬁéve beeﬁ very
high. Even when the trees are not damaged, how many éhfubs and |
herbs bave been affected without being noticed.,

Because spray drift and atmospherié contamination are an
annual fact of life in western Canada, perhaps one of the most
serious and at the same time most subtle threats to wildlife
' reséurces from the agricultural use of herbicides is that of the
unintended impact on non-target ecosystems, |

In an attempt to evaluate the habitat damage resulting from



herbicide céntamination, not only toxicity but porsiéténce have to be
considered, vFér example, relativel& similar degrees of phytotoxicity
of decowposition can be strongly habitat specific. Iﬁ terrestrial
agricultufal soils, degradation rates are generally quite rapid,
Residues typically persist for only 1 to 4 weeks (Sheets and Harris
1965). In contrast, phenoxy herbicides can be very pefsiateht in -
wetland ecosystems, | f |

In laboratory experiments, Hemmett (1972) found that although
2,4-D acid was }eadily degraded by aguatic organisma, the isopropyl
and butyl esﬁefg of 2,4-D weré degraded at only>halr theirate, and
phenoxy herbicides (3,4=D, 2,4,5-T, 2(2,4,5=TP), the isooctyl ester ‘
of‘Q,A-D, MCPA and.2~CPA) could not be degraded at all; ‘

Not allAé§uatic environments are as favourabie for herbicide
degradation as those used by Hemmstt. For example, DeMarco (1967)
found that in cool deoxygenated waters, it took over 13 times as
long to degrade 2,4=D than in warm acrobic waters, Tﬁié,fact‘is of
particulap importance in western Canada, as watlandﬁ ip tﬁis ’

edaphically rich area are characterized by cool, dséx&genated
bottom watera,& _ |

Of even greater environmental concern is the'fact.that
herbicides can accumulate in aquatic sediments, For example,

Smith and Isom (1971) reported on the application of uwp to 100
pounds of the buﬁoxyethanol ester of 2,4~D per acre té‘reservoira
forvwater millfoil control. Eight hours after applicaiipn, the

highest amounﬂ found in the water was 64 parts per biilion.
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However, after 2& hours the ﬁillfoil contained over 8 mg/l., and
after 10 months 58.8 mg/l. were found in the bottom sediments,

The reality of the danger in allowing herbicidé to reach
wetlands is strongly emphsasized by Nofris (1971). From field
studies of forestry applications of phenoxy herbicides he found
that residue persistence was not a problem in scils or streams,
but cautioned tﬁat: "Applications of herbicides to mérahy areas may
result in high-level, long persistence of chemical residues in
ngarby streams, Special care must be taken to avoid treatment of
such areas,"

Although experimental toxicity data are available for many
aquatic organi:ms; virtually nothing is known about the effects of
herbicide drift into prairie wetlands. Indications are that even
relatively small amounts of herbicides can recognizably alter the
structure and functioning of wetland ecosystems. Walkér (1971)
has shown that 0.5 ppm of sodium endothall applied to a small pond
selectively killed certain submerged plants and rechannelledvenergy
flow through decomposer organisms. In response, a wide-range of
iﬁvertebrate ﬁqpulationa were significantly affected, ‘Similarly,
Walker (1962) demonstrated that 1 to 4 ppm of 2,4-D reduced a
large number of benthic invertebrate populations within one week
of applicatién. h o

A vegetation study by Walker and Wehrhahn (l??ij in
Saskatchewan, although not dealing with herbicides, provides

circumstantial evidence for the effects of herbicides in wetlands,



Ih this study,‘tho relapiénahipa between variatioh in the vegetation
and environment were investigated in relatively undistﬁrbed, non-to
slightly saline, shallow marsh habitat, all surrounded Ey large areas
of wheatland., Of the many physical and chemical parameﬁers studied
they found that the water chemical conditions resultiné,from_high
rates of decomposition Qere the most important in deténmining thé
distribution of plant species. Although theAauthora_sﬁggest that
the decomposition was a result of natural winter diéééff, such
conditions are a typical aquatic ecosystem response to phenoxy |
herbicides (Qance‘r 1971; Smith and Isom 1971). Thé "'ch't that all
the wetlands studied were surrﬁunded by wheatland indicates that
they could be_exposed to herbicides, | g

i plaht‘species composition in prairievwetléndatis being
affected by hefbiéides, the response should be reflected throughout
all trophic levels in the ecosystem, Work by Dwyer (1970) in.
Manitoba indicates that the whole biota of wetlands in agricultural
and non-agricultural lands is recognizably different. Although
both study areas were on the samevaoil type there were recognizable
differences in the distribution and abundance of sﬁbmerged plants;
Populations of a@uatic invertebrates followed a similar trend. In
the agricultural wetlands free swimming invertebrates were dominant.
Close to 80% of all inveriebrates were amphipods, vhereas in the |
non-agricultural lands this group made up less than 1%,

Since phenoxy herbicides are known to accumulaﬁé in pond

sediments they could be selectively toxic to bottom organisms, and



be instrumental in changing aquatic invertebrate fauna from balanced
benthic and free swimming assemblages to a less diverse fauna with
primarily free swimning populations. Fﬁrther, becaﬁse‘éf the lmown
ability of herbicides to persist in aquatic ecosystenms, wetlandé in
the vicinity of croplands could be functioning as herbicide sinks;

The widespread use of herbicide formulation which are able to
contaminate the environment may be taking modern agriculture far beyond
its obvious level of environmental uniformity to.tho point where the
productivity and diversity in portions of the natural énvi:onment‘is

markedly reduced.



Document A

TasLe 57. The LCy for various fish to 2,4-D.

Formulation Fish £pucies Exposure  LCw (ppm} Source
Time (W)

Butyl Bster oo, s Harlequin fish ... ... .. 24 Alabaster, 1969

1.0

Oleie-1,-propylene dimmine. ... .. Bluegill. _ o 24 4.0  Davis and Ilughes, 1963
byt Fsters oe e Bluegille o oo 24 4.9 "
Butyl BEster. oo Bluegil. . oo 24 100 o«

: Rainbow trout. .o v 24 250 - Alabaster, 1950
Amine.. ... e e ——————— Rainbow tront. . o .oooouoo ... 24 250 . Alabaster, 1969
Ethivihexy Eetero oo e en-- Lake Emevald shinero ... . 24 280 . Swabey and Schenk, 1963
Ethylhexy Estero .o _...o..... ... Lake Emeradd shiner_....o..... 24 620 " ,
Sodium Salt .o e el Harleaquin fish. o oo vee o ocvnuaoo 24 1,160 Alabaster, 1969
Ysopropyl. oo liila. Bluegill . oo e 48 0.8 FWPCA, 1968
Propylenc Glycol Butyl Ether Ester. .. Hainbow trout. o ____ SR 48 096 . ¢

: ' RAainbow trout. o ovevn oceoeeo - 48 1.1 Boehmout, 1967

Butyl Bster .o Binegilo_ ... 48 1.3 . FWPCA, 1968
Mixed Butyl and Isopropyl Esters. .. Blaegillo ..o oo aooan.. - © 48 LS “
Butoxvethanol Ester e ovunivnnn... Bluegille e oo cciiee e 48 2.1 *o :

‘ Bluegill. e e 48 3.7 Bohmont, 1967

The minimum lethal concentrations (ppm) of
2,4-13 which produced a kill of fish-food organisms
exceeding 25 percent are the following: Daphria,
0.2; Lucypris, 0.6; Hyallclla, 0.6; Palaemonetes, -
0.8; Amplingrion, 3.0; Puchydiplaz and Tramea., -
4.5 Culex, dedes, and Anopheles, 3.5; Chirono- -
maus, 1.0; Physa, 5.55 and Helisoma, 7.5 (Zischkale,.

1952).

From, David Pimentel. 1971, Ecological Effects of

é Pesticides on Non-Target Organisms.
) .



B. An Assessment of Blanket Herbicide Spraying on Rights-of-way.

Close to one million acres of land in Albert; afé used as
rights-of-way for roads, railroads, pipelines, utility transmission
lines and irrigation projects (Oetting 1971). For the ﬁost part,
this property is not éwned by the utility agencies, but is a publie
resource, However, vegetation control on these lands'is normally
accomplished in the most economically advantageous way to the
specific agency, with no consideration of the public, Hith certain
exceptions, auchvseeding high#ay rights-of-way, the almost
‘universally practiced method of vegetation control has Seen to
blanket 3spray with herbicides. Blanket spraying is considered
chsap, fast, and it has been strongly promoted by chémical
manufactureré,‘spray companies, and federal and provindial
departments of agrgculture. As a result, large areas of highly
visible publie pfoperty have been repeatedly defoliated in the name
of vegetation management.

The Canadian public has been reacting strongly against these
practices oﬁ the basis of aesthetic damage and the loss of valuable
wildlife habitat. As a result of public pressure, New Brunswick
and Nova Scotia have recently banned the use of herbicide on
rights-of-way. In Albérta, the utility companies and government
agencics are receiving a large number of comﬁlaints}

By and large, the herbicides presently used on right-of-way

maintenance are not directly toxic to higher animals, Thus, the



users of the chemicals say that they are not harmingn?ildlife.
However, in terms of food and covef requirements, the‘ﬁse.of.
herbicides may be an extremely important limiting factor.

The objectives of vegetation control on rights-of-way #re
generally twofold, First, there is the requirement to remove or
supress forms of vegetation which physically impairvthe:functiqn
of the utilit&} in most cases trees are the offendiﬁg‘plants.

The second objective is weed control. o

A basic khowledge of plant succession phenomena éﬁggest that
blanket spraying is ecologically unsound, and in faéf”ha? a builtin
feed-back mechanism uhich incregaes the requirementé fofAfurther

spraying.,

Rate of changeAcﬁrves for successional plant communities are
usually convex, with changes occurring most rapidly at the

beginning (Odum 1969).

Rate of ‘ A M
change S '
of /—A""\

community

Time e
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~ Right-of-way plant commnities should be managéd to be in
stage B of the curve, Qharo the rate of change is slower, and shrubs
provide stabiiity and competition to weeds and tree$. ~Instead, the
rights-of-way are blanket sprayed 86 thﬁt they remain in stage A.

" This is a much simpler biotic community, with é high rate of‘ch&nge,
6ffering little inherent stability or competition to_ﬁeéds or trees,
It is said that denuding the offending brush ¢f~foliage
brings on gréen’grasa growth, The ecological instabilities of this

Wgreen grass growth' is illustrated by the fact that blanket weed
spraying has to be conducted annually to satisfy thelériterig of
the Weed Control and Field Servicea.Branch. , : ,

EglerA(1953) found that between the majority §£'£ree8 aﬁd.
shrubs, the trees are more resistent to foliage spray8 than the
shrubs. Thus, by the time the trees are finally killéd, the'shrnbs
and desirable'coarae herbé are préctically’annihilated. Blanke§
spraying in doses high enocugh to kill trees leaves only grass
cover, There is -little wildlife cover, and there is mlnlmal
competition to offending trees and weeds. Blanket spraying for
weed control on these areas is required annually, and,eve:y 5 years
or less for tree control. |

Egler (1953) has demonstrated in the U.S. th#£ désir4ble
shrubs are parﬁ,of the initial floristic composition;itlf blanketv_
spraying is not done, and only the offending trees éré‘ébot treated,
a shrub herb-grass commnity develops which is ecologidally more

stable, It provides excellent wildlife habitat, and offers



compet.ition to trees and weeds, = As an aded bonus, 1es$ mainteﬁance
is required, so that it ié more economical to the utility agencies,

It is rather iroﬁic that manufacturers and p:ombtérs of
agricultural chemicels are in a sense, managing ecosystems for
their own economic gain, Kno%ingly or not, by promoiihg‘blanket
herbicide spraying, they are c#talyzing a biological feed-back
mechanism based'on the homeostatic properties of ecosystems to
increase the réquiremnt for their products, Thus ,j agriculturé.l |
chemical companies are managing ecosystéms for an eéénomic return |
far more éucceésfﬁlly than tﬁe wildlife profession is f§r a wildlife
return, | | | B

The ménagement of vegetaiion comnunities on fight§-of~way '
should be based on sound ecological priﬂciples, not just economlc
ones, The communities should be managed to satisfy theApr;ma:y
users of the fighﬁ-of~way, be aesthetically pleasing, éndAbé qf

value to the environment as a whole,



C. An Ycological Evaluation of Picloram.

The Weed Ccntfol and Field Services Branch of £he Alberia,
Department of Agriculture has been strongly recommending the use of
picloram on wastelands, fencelines and native péstures. The wide-'
spread use of this chemical in Alberta could have very sgrious
environmental im@lications. A

The properﬁies of picloram which are responsible for its
successful control of perennial plants (persistence,jhigh
phytotoxicity aﬁd:movement in water),»preclude its wiﬁespread use
in agricultural crops, For example, field experiments in Chio.
showed that picloram applied to the soil at 2 lb/A nine months
before sowing, uid‘huu affect corn or oats but causea 40 to 5U%
reduction in b#:ley and killed alfalfa and soybeans (3efr.‘etlal.,‘
1966). Keys and Friesen (1968) mention that grain ¢fop§, nbtably‘
wheat, are reduced in height and yield by as little as 0.75’03,/A
of picloranm, - | |

Not onl& is persistence of picloram a concern af the site of
application, butlbecause of its high solubility in watér; there is
8 danger of contamlnating other crops through lateral groundwater o
movement or ccntaminatzon of irrigation water. 4 ;

Baur et al, (1970) treated several crop species with s;ngle
doses of very low levels of picloram, The rates used were aimilar
to concentrations found in runoff water adjacent to an@iup to 2 miles

from a 15 acre watershed treated with 1,0 1b/4 of picloram,



Depending on the‘plant specles and concentration, picio;am was
found to be both growth promotive and inhibitory. There was a .
signiricant stimulation in dry weight of corn, soréhum;'éottan5 and
soybean with treatments of 0,25 ppb, and cowpea at 1.0 ppb.
However, therc were significant reductions in the dfy‘ﬁeight of
corn, wheat and sorghum at 1,000 ppb; and at 100, 10, and 1,0 ppb for
sunflower, cowpea and so&bean respéétively. Visual éffécts of
picloram were noted on sunflowers at conceniratipns A$A1ow as 0.25
ppb. Bovey and Scifres (1971) concluded that residues of 10 ppb or
more in irrigationkwater could severely affect the,gfb%th,of sone
crop seedlings, |

The majqritjAof herbicides presently in use #fe_empIOyed for
seleciive weed coptrol in agricultiural crops, - Evalu#;ions of the
performance of such herbicides are primarily based ontthe efficiency
of the Chemiqal in controlling unwanted vegetation an& the toieranca‘
of the crops. 'However, cropland monocultures are, bj'fundamental
ecologicalvstagdards, simple énd highly unstable ecosj#tems;l
Stability in ﬁhe.face of biological, edaphic and cl;hatic strégs is
gained only thfough vast subsidies of energy and maﬁtér, Thus,
agricultural herbicides are used and evaluated in eéoéygtems ﬁhérev
the energy input required to keep environmental stresseé to a
minimum is often substantially greater than the eneréy yield
realized in the food produced (Brown 1971). |

In contrast, picloram is used in more natural‘ecosystems

where the herbicide treatment is often the only matefial input to



the system, It follows that an evaluation of the toiiciﬁy of
picloram to vegetation must relate to the whole plant c&mmunity
within an ecosysiem context, .V ‘

Pisloram containing hefbicides are regarded as having
considerable potential for the control of woody and héfbaceous
plants on overgrézed rangelands (Arnsid and Santelmann 1966),
(Scifres and Halifax, 1972), (Bovey and Scifres, 1971). The object
is to simplify the plant community by killing brush and herbaceous
vegetation and<proﬁoting more grass cover to sustain haﬁvier grazing,

The inherent danger in siﬁplifying natural ecdsyéteﬁa is the
possible impairﬁentAof their stability. Whereas short-term yield
is of prime impértance in the artificially stabilized cropland
systems, tne*céncern in)ﬁativa'rahgelandé is.fbrAlgﬁgbterm>yigld.
The 5taBilityﬁofia complex mixture of plaht species'nay influence
the average yield of grasslands over a longer periodftﬁan4is‘thé 
‘case with simpier systems (Spedding, 1971). Fu;ther,‘a diverse
rangeland flora’is less susceptible to serious loss.frdm adverag
climatic conditions or insect damage (Vallentine 1971). Diversity
gives wore buffefing against drought. A mixture ofkmote efAlgss
drought resistent plant species, with appropriate‘agQSOnél growth
patterns, may be more productive than any of the spegieg'growﬁ
alons (Spedding‘l??l). The abiiity of the plant communit&‘to :
withstand drought is of particular importance in western Canadian
rangelands where there are frequently successive dry %é;rs which
reduce the abundance and cover of the higher yielding grasses

(Campbell et al., 1962),



15

There has been relatiQely little research done on the effects
of piclcram on desirable species in rangelandveéosyétems'(Scifres
and Halifax 1972a). Not only are brush and forbs affecied but
detrimental ef{fects have also been f;und on desired rangeland
grasses, | -

Arnold‘and Saﬁtlemann (1966) treated estéblished hative
rangs in Oklahdma with picloran aﬁ rates of up to h‘lb/A. All
rates reduced forb production without reduction in desirable grasses,
However, pre«emgrgent treatment with picloram at 0.75 lS/A prevented

gerinination of side-oats grama (Bouteloua curtipendula),tbig bluestem

(Andropogon gerardi), switchgrass (Panicum virgatum)'ahd blue grama

(Bouteloua grdCllllS) in the greenhouse, and decreased ylelds at the

two and four leaf stages, All species became more resistent to
picloranm at advahced growth stages, .
According to Bo#ey (1971) persistence of picldram in soil
and the movemeﬁtqof picloram in water are not consi&éfgdAto be
objectionable in nonpcroplands,'but are thought to bé nécéssary to
arrest regrowth of woody species after initial defbliation by
foliar sprays, . . | |
However, concern over soil residues folléwzng plcloram
application to‘rangelands and the sen51t1v1ty of somevgrass seedlings
led to a study by Scifres and Halifax (1972a) on root .production of
seedling grass§é in picloram treated soil., With piclpfam residues
in the soil, it was found that foliage of switchgrassAwﬁs developed

at the oxpense of root preduction., There was no differential
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inhibition of side cats grama roots and shoots, although root
penetration was inhibited when picloram was present in the surface:
inch eof eoil, Respon§es of these two species of grass geedlings
to varying concentrations of picloram in surface soil~éré shown in
Figure 1., Scifres and Halifax concluded that picloram applied just
prior to or following ranga seedling, or applied to badly depleted
rangeland, couidvfurthef complicate the rate of reseéding
establishment;

In a sﬁbaeQuegt experiment Scifres and Halifax (1972b) found

that picloram.differentially regulated poat-germination.growth Qf

range grass seedlings. Buffalo grass (Buchloe dactyloides), which
was the'most resistent of five grasses.aiudied,rshowed'significant
root lengih reduction at 125 ppb of picléram. ~Again; wiﬁh all
species, picloram had a greater effect on roots than shoota.

The fact that roots are differentially affected by plcloram
could seriously impair the resistence of rangeland ecosystems to
grazing and drought.

It is generally concluded from the available toxicologlcal
data that the use of picloram presents no hazard to humans,
livestock or wildlife (McCollister and Leng, 1969; Bovey ‘and
Scifres, 1971). While this is true from the point of view of the
danger of direct toxicity, it cannot be assumed that'there‘are no
hazards to wildlife when habitat requirements are considered

Wlldlife species cannot be considered 81ngular1y as they are

in toxicity experiments. In themr natural env:ronment, they occur
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as a number of co-existing pbpulations. The status of each
population cannot be simply defined, but inveclves an integration of
many parts of the ecosystem. Habitat requirements sﬁcﬁ as food and
covaer are not constant, but vafy both spatially and seasonslly.
Thus, diversity of habitat is of mgjor importance not §nly to the
nunber of species, but also to the wellwbeing of individual
populations, |
It is recognized thaf herbicide use can benefiﬁ éertain

wildlife populations'when it promotes heterogeneity in the
landscape (Springer_1957).' Conversely, reducing habitat diversiiy
‘can be detrimeﬁtal. | ‘

| The use of picloram in‘non-croplands may present a danger
to wildlif'e because of the phytotoxic affect on euchja:broad range
of plant species. On native rangelands both livestock and wildlife
fged extensively'on browse and forbs as well as graSSeé (Vallentine
1971). In fact,.brﬁwse and forbs are considered to be an asset to
a range because they add variety to the diet and eﬁhaﬁpe,the
nutritional intake of both livestock and wildlife (Sampson 1952).
A well balanéad rangel nd is composed éf browse and féfﬁ sﬁecies which
far outnumbe§ the native grasses (Sampson ;952). .Simplifying the
system to one'cémposed primarily of grasses impairs thevvariety of
*animal species dependent on the native vegetation, Diversity of |
plants is also important in providing a variety of p}ants for_the
changing seasonél needs of the animals, Herbaceoﬁs ﬁlénts are not

only of direct‘nutritional valuc as forége, but the killing of
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legumes can result in the remo§al of an iﬁportant niﬁrogen source
to the plant community (Spedding 1971).

The application of picloram to non-croplands can héveva '
greater‘impact,on.thé vegetative community than the reduction of
woody or herbgcéous'specieé. The differential effect;Aopriciozam
on grass Spgcieé, espeéially at seedling stages, may alter grass
competition and further reduce the diversity of the éémmunity. The
gimplification cf the ecosystem may Jower its resistence to
environmental stresses such as drought, heavy grazing, insect
damage and'diseése. Aﬁoreover, the fact that picloranm éan damage |
the roots of grasses and retard'seedling growth could‘increaée the
susceptibility to such strésses.

Similar problems can occur in the treatment of rights-of-way.
In egricultural areas or other types of land where the:g is little |
cover, treatment with herbicides may be detrimental to wildlife
- (Springer 1957)., Picloram could be of particular Sigfaificance in
this respect because of the broad range of species killed., Also,
because of its persistence énd mobility in water'piclofam's effects
can be felt ovgrvan area much wider than the §riginal aite of
application, 'Scotter (1971) found that an application of Tordon 101
along the 20-foot wide international boundary between Vaterton
Lakes-Glacier intgrnational Peace Park killed trees ub'té 150Aféet
from that line as & result of spray drift. Also, phytotoxic effects
were detected more than a hundred feet down slopes. It should be
noted that in this operation a particulating agent was ﬁsad to
miniﬁize drift.
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Althouvgh picloram is nol highly toxic to animaié it has a
high degree of toxicity to s wide var%ety of plantas, 1Its use can
fundamentally chaﬁge the struclure of plant communitiés, and as a
result can be very detrimentel to a wide variety of animal life,

It is esscntial that the use of pieloram on non-cropland
vegetation be évaluated, nol only from short-term criteria, but
on the long-term ability of gcosystems to maintain stability in
the face of adverse environmental conditions and to support both

domestic &nd native animal life,
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J. Range Mgmt, 25:44-46, 1972,



21

Literature Cited

Anonymous, 1972. ‘Weed-O-Gram, Weed Control and Field Services
Branch, Alberta Dept. Agr. Voi; 4, No. 9; |

Arnold, W. R., and P.W. Santelmann., 1966. The response of native
grasseé and forbs Lo picloram, Weeds., 14:74-76,

Bﬁur, J.R., R. W. Bovey and C, R, Benedict. 1970, Efféct‘of

' picloram on growth and protein levels in herbaceﬁus plants,
Agron. J.;62:62?-630. |

Bovey, R, W, 1971, Hormone-like herbicides in weed control. Econ,
Bot. 25:385-400,

o, andC.J. Scifres, 1971. Residual characteristics of
_piclcram in gracsland cecosyotems, Toxas Agr. Exp. Sta. Dull.,
B~11ll, pp. 2Af

Brown, L. R. 1971. Human food production as a process in the
bioapheref Scientific American, 223:161-170,

- Campbell,, J. B., R, W, Lodge, A, Johnston and S. Smoliak. 1962,
Range Mahagement of grasslaﬁﬁs and adjacent parkiands in the
prairie provinces, C.D.A. Pub. 1133, pp. 32. ,‘

DeMarco, J., J. M. Symoné, and G. G. Robeck. 1967. Béhavipur of
synthetié organics in stratified.inmoundmenté. J. Amer,
Water Works Assoc. 59:965, o |
Dwyer, T. J. 1970. Waterfowl breeding habitat in agricultural and
, non~agpicultural lend in Manitoba., J. Hildl; Mgmt. 34:130-136.
Egler, F, E, 1953. Our disregarded right-of-ways - tén million

unuced wildlife acres., Trans, 18th N, Am. W, Conf, pp. 147-158.



Poy, C. L. and 5. W, Bingham; 1970. Some research approaches
toward minimizing herbicidal residues in the environment,

Residue Reviews 29:105-135. |

Grover, R., J. Meybank and X, Yoshida."l972. Droplet and vapour
drift from butyl cster and dimethylamine salt of 24D,
Weed Science, 26:320'32hf | ‘

Hay, J. R. and ﬁ. Grover., 1967. Recovery of 2,&-Djfrom atmosphere.,
21st Annual meeting, Nat. Weed Comm, (Canada), West. Sect.,
p. 43, | o | o

Hemmett, R. B. 1972. The blodegradation kinetics ofxsélected
phenckyacetic acid herbidides and phenols by équétic
microorganisms, PhD Thesis, Rutger Univ., 136 PP. |

Herr, D; ., EM. .Stroube and D. A, Raj; 1966; Effcét of Tordon
residues on agronomic crops, Down to Earth, 21:17-18.

Kenaga, E. E, 1969. Tordon herbicides - Evaluatioh.§£ safeﬁ} ﬁo,
fish and birds. Down to Earth. 25:5-9, o -

Keys, C.H. and H. A. Friesen. 1968. Persistence of picloram
activity in soil. Weeds. 16:341~343. ‘

Maybank, J. énd K. Yoshida. 1969. Delineation of herbicidé drift
hazards on the Canadian prairies., Trans, AS&E;fi2;759—?62.

McCollister, D. D. and M, L. Leng., 1969, Toxicologyiqf picloram
and safety evaluation of Tordon herbicides, hbwn to Earth,
25:5-10,

Norris, L. A, 1971, Chemical brush control: assessing the hazard.'

J. Forestry, 69:716-720,



Odum, E, P. 1969, The strategy of ecogysten developﬁent.
Science, 164:262-270,

Oetting, R. B. 1971, Rightmof-way resources of the prairie
provinées. Blve Jay. 179-183.

Pimentel, D, 1971, Ecologicak effects of pestiéidea on non-target
‘specics. Executive Office of the President. Office of
Science and Technology, pp. 220, |

Sampson, A, W. 1952. Range Hanagement-Principles and Practices,
John Wiley & Scus, N.Y. pp. 570. ‘

Scifres, C. J. and J. C. Halifax. 1972a koot producti&ﬁ of seedling

‘ grasses in soil containing picloram, J. Range Mgmt, 25:44-46,

» 197<b. Developument of range

aeediingsAgerminated in picloram. Weed Science. 20:341-304,

Scotter, G. W. 1971, Effects of Tordon 101 (4~amino-3,5,6~
trichloropicolinic acid) on végetation along the international
boundary between Waterton Lakes-Glacier Internapional Peace Park., -
Unpub, Mahuscript Report, CanadianYWildlife Service, Edmonton,
pp. 15. |

Sheets, T. J. and C. I. Harris, 1965, Herbicide residues in soils
and their vital toxicities to cropévgrown in fotation.

Residue Reviews, 11,

Smith, G. E. and B. G, Isom. 1971, Investigation of effects of
large scale applications of 2,4=D on aquati§ faﬁna and water
quality, Pesticides Monit, J. 1:16-21.

Spedding, C. R. W. 1971. Grassland Ecology. Clarendon Press,

Oxford. pp. 221.



24

Springer;<P. F. 1957. Lffects of herbicides and fungicides on
wildlife, North Carolina Pesticide Manual: 87-106,

Vallentine, J. F. 1971, Kange Development and Improvements.
Brin@ham Young University Press, Provo, Utah. pp. 516.

Walker, B, H. and C. F. Wehrhahn, 1971, Relatichships between
derived vegetation gradients and measured environmental

| variables in Saskatchewan wetlands, Ecology 52:85-95.

Walker, C. R. 1971, Toxicological effects of herbicides and
weed control on fish and other organisms in the éqnaticv
ecosystem. FProc, Eur. Weed Res. Coun. 3rd Inﬁ.vSymp.
Aquatic ¥Weeds 1971, 119-127.

. 1962, Toxicological effects of herbicides on the

fish environment, Ann, Air Water Poll, Conf., Proc, £8:17-24,



|“|I'_‘:J'q:l'l1 ‘I' L—'| -Iil_‘.l‘ljl"T' k> I_'I _lll . y |'::|

& ) - .
T O ‘,:jtf'. S e :'w‘:{;*}_!..,
..lg :!Lt 'ir"l - |L|'-"_|” l'.I |"||'..'..|. = 1 * -
) . T:‘_, I.'I fs o) ™ |---—'L_ -I_I ' ||'l1 e
RS LT ot B e I ‘.'.* n
‘%'i"’*"‘t‘ e i R = -

1
-
1 L
T e R LT Rt e - B L
5 L W, 1 i 1
‘:II_F-\ _r-l I‘l?‘q:. B | I-Ill_ I_I-L IT;}_|L‘F:1
. -
I-l.'-‘LI‘.II.' I'}II:I.. s i _r = ‘E,_“"h. i T
[ 1 , '

PR I





