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Factors f nff uencing the Distribution ol Wolffia columbiana
and Wollfia punctata (Lemnaceae)

Abstract
In the Mission Vallcv ot wc!tefn trtontana, prairie porholes containing VoLfrte punctata Grjsetr. and Z columhiana Karcl
{ere compared to nearby potholcs lacking !bcse spec;es. Potholes {ithout VoWa ha.l a sienifi.ant lr higher conducriritr- and
pH and a lower maxinum depth than those sith VoLfJia. Elodea spp. and Zenna minu L. were pos;lilelv associated wirh
VoAf.a.  The dependence of  Zof fa 's d ist r ibut ion on environmental  condi t ions suggests thar local  d ispersal  t imi ta l ions are
less imporrant rhan environmenral limilalions in controlling lle disv;b:]tion al Wolflia.

lntroduction

Woffia species (Lemnaceae) are globose, rootless,
floating aquatic plants that when abundant can
completely cover the waler's surfacc. They are
tinl (0.5 to 1.5 mm long), the smallest of f lower-
ing plants (Hutchinson 1975). Severai species of
Lemnaceae usually occur intcrmixed (Fassett
1957). Voffia punctata and W. columbiana can
often be found together (Clark and Thieret 1968,
Schuyler 1983; nomenclature follovs Hitchcock
and Cronquist 1973).

In some of the potholes near Ronan, Mon,
tana, mixed populations of V. coLumbiana and
W. punctata are present; in others, Woffia is ab-
sent. The purpose of this studv was to determine
whether thc pattern of occurrence reflected en-
vironmental difference or chance.

Study Area

The potholes are in a cluster immediatel l
southeast of Ninepipe Reservoir in the Mission
Valley, Montana, 8 km north of St. Ignatius (Fig.

l) .  The potholes studied are on or adjacent to
Ninepipe National Wildl i fe Refuge. At an eleva-
t ion of 915 m, the area reccives an average an-
nual precipitat ion of 38 cm. The topographl is
a rol l ing and pit ted morainal surface covercd Lry
dry prair ies (some now plowed or movn) rvith
pockels of wetlands and standing water.

Figure  L  Locat ions  o f  the  t$e |e  s tL rd l  po tho lcs .

Methods

Tr " l r r  po thu le '  r e re  rho .en  f o r  t he i r  r a r r i ng
amounts of Wolff iq close proximitv to each
other, and accessibi l i ty (Fig. l) .  Six contained Z
columbiana anrl W. punctata and six lacked
Woffia. Presence-abscnce of Woffia was the
focus of the analysis. Other Lemnaceae and com-
mon macrophvtes were also noted.

The observed environmental factors rfere pH,
conductivi t ,r ,  maximum depth of pothole, and
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TABLE L  Enr i ronmenta l  charac ter is t i cs  (mear  I  s tandar l  e r ro r ,  rangr )  o f  po t lo l ts  w i th  and
\it}.alt It oLJJia.

Ir:o(Jia ahsert
N{ean !  s .e.  Range

Woffia prt'cnL
Mean t  s .e.  Raagc

Condoct i r  i t1 @nrhosrcrn) '

p H *

l lar imum depth (r r ) -

Secchi  d isk (nr)

133 1 5,1 105-438

9.0 I 0.,1 ?.,1.10.5

2.6 ).  0.4 1.2.3.4

1.6 r 0.3 0.8.2.8

l i93 r 442

9 .7  r  0 . l

2.0 1 0.5

1 .1  1  0 .2

68t-2825

9.1,10.0

0.6 3.5

0 .6  1 .8

'N { r 'ans  ar t  s ign i f i can t l r  d i f fe ren t  a t  p  <  0 .05 .

Secchi disk transparency. Conductivi tr  was mea-
sured in thc f icld at the naler 's surface, using
a conductivi tr  meter with thermometer. Corduc-
t i r  i t i c -  (K )  $ l . r "  1 ' r r p '  l ed  l u  s l and l r r d  l pmpera -
tu re  (25 "C)  us ing  K .  =  K - "u " , , . " , 1 i ( l  +0 .0191
(T-25)) there T was the measured temperatLlre.
Secchi disk transparencr readings were tahen at
middal. N{aximum depth of \ !ater was obtained
usi ig a weighled rope. Water -ramplcs were col-
lected at middal in I  I  bott les and transported
to ihe lab in a cooler. pH was measured with a
me tc r  a t  25o  C .

Ave rage  conduc t i v i t y ,  pH ,  dep t t r ,  and
transfarencv data were compared between

to r l l . l p -  \ \ i r l l  an ' l  n i t hou t  Wu [ f i , t  t i ng  t " o -
lai led t-tesls. Associal ions betwccn Zolfa ancl
other aquatic macrophyte-r nere detected with
(h i squa re  t es t s  on  2  r  2  con t i ngencv  t ab les .

Besults

Signif icant dif ferences were found between
pothcrles nith ancl with,rut ITolJJia in three ol the
four ph,rsical and chemjcal parameters tested
(Tab le  l ) .  Bo th  r : onduc t i v i t v  and  pH  ve re  h ighc r

(p < 0.001 for both) in potholes lacking l /o/y'

f a .  Po tho les  3 .4 ,  and  5  (F ig .  l )  had  t he  h ighes t
conductivi l ies and had no surface uater outlets.
N lax imum dep th  wa - .  l owe r  (p  <  0 .01 ) .
Transparencv was not signif icantly dif ferent be'
t$een the two groups of potholes (p = 0.2).

WolJJia was ytositiselv associated with Elodea
ald Lemna minor (p 1 0.05). The distr ibution
of Elodea exactl)  matched Lhat ol VolfJia in
these twelve potholes. Iernna tr isu[ca, Spirodekt
pohrhi:a, and Patanogeton pectinatus harl
bcrrderl ine posit ir .e a-\sociat ions tr i th Woff ia; a
larger sample size is needed to resojve these
bo rde r l i ne  cases .

Discussion
Does the absence of lloffia lrom sorr;.e potholes
represent a dispersal l imitat ion or dif ferential
surviral in dif ferent environments? Chance
dispersal has oIten been implicated in cxplain-
ing the spotty distr ibution of WoWd ard orher
Lemnaceae (Godwin 1923, Keddy 1976, Wolek
1983).

Due to their small  size, whole plants could
be easi l l  transported by birds and muskrats from
pothole to pothole (Jacobs 1947, Hutchinson
1975). Given the abundance of waterfowl in our
stud,r- area, this short-range mobil i ty seemed
likely. However, long-distance transport of Lem-
naceae by {aterfof i l  is thought to be improbable
bY some because most trul-y aquatic planls die
rapidly when dried (Jacobs 1947, Looman l9B3).
In our studl- area, potholes with no Volffia were
clo-.e (within 50 m) to those with abundant Zof

fa. We suggest that these short distances be-
t l . ' . n  pu tho les  a rc  n . ' t  c f f p , " t i r c  La r r i r r .  t o  i t s
dispersal, and that environmental factors are
primari l l  responsible for the patchy distr ibution
ol VotfJia in the N{ission \ralley.

Potholes with VolfJia had lower conduc-
t ivi t ies than those without i t .  Because the
distr ibution of Woff ia was more strongly related
to  conduc t i r i t )  t han  pH  ( t -  11 .3 ,  t  =  5 .2 ,  r espec ,
t ively), i t  scems l ikely that the absence of Zofi f to
from potholes with high conductir i t ies ref lects
an intolerance to high sal inity, rather than in-
tolerance to free carbonates. For example, in
pothole 10, where pH as vcry high (10.5) and
conductil.ity relativeh low (12? pmhos/cm), /Zof

fa was present, though rare. (Note that al l  Lem-
n a " e a e  f o u n d  i n  t L i s . t u d '  $ c r p  p r c s p n t  i n  s n m e
potholes exceeding the 8.0-B.5 pH l irnit  reported
bv  H i cks  [ 1932 ]  and  H i l lman  [1961 ] . )

12 Kline and McCune



The potholes with Woff ia were also deeper
than those \, ! i thout i t .  Deeper potholes are more
buffered against f luctLlat ions in temperature and
changes in sal initv brought about by seasonal
evaporation. I t  is possible lhat the shal lower
potholes may even lose al l  standing water dur-
ing droughts.

Lemna minor was also absent from the three
pothoies with the highest conductivi t ies, and Z.
tr isulca hom two of these three. These Lem-
naceae also seem to be sensit ive to sal inity, al-
though less so than Woffo Lemna tr isulca at
po lho le  4  I n l c ra l eJ  I i ghe r  i on  ,  L ,ncpn t ra t i on .
than L. minor.

Spir<tdela polyrhiza was present in only two
pothoies (B and I l ) ,  both with relat ively iow con,
ductivi ty and pH, but comparable to others in
which i t  was absent. Because i t  is larger than the
other Lemnaceae, i t  is perhaps less easi ly dis-
seminated by birds than Woff ia. Therefore,
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Spirod,ela ma't be more dispersal- l imited and
perhaps less Jikely than Woff ia to show a t ight
relat ionship wilh environrnental factors.

The importancc of dispersal l imitat jons to the
distr ibution of the Lemnaceae depends on resis.
tance to desiccation (Keddy l9?6), propagule size,
and the distance betueen patches of suitable
halr i tat.  In the Ninepipe Potholcs, patches of
suitable habitat are close to each other and en-
vironmental dif ferences between potholes arc
related to the distr ib:ut irn of Voff ia.In this case,
therefore, dispersal l imitat ions are apparently
l e s s  i m p o r t a n t  t h a n  e n r i r u n m e n l a l  l i m i t a t i n n .  i n
control l ing the distr ibution of Woff ia.
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