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Analysis of the Biotic Factors Affecting the Seed Set of a Rare
Pacific Northwest Endemic: Sidarcea malvaeflora (D.C.) Gray
ex Benth. elegans (Greene) C.L. Hitchc.

Abstract
PopulrLiors ol Silo/rea rnLwefloftr fl). .leson!. t plant on the Oregon NatLrral Heitage Dlta Base s 1987 Reriew List, w.,r. h!.s-
t iga l .d  to  d . t . inn in { i  ia rLors  Lhat  l in r iL  i i s  n r i  tu luc t ion .

Viable. undeveloped and reevil damaged seeds irou 100 ra..o.s $.( drnritrrdl thrughruL Lhr: r'productir. crcles o{ 1987
.nd 1988. E\perinents were condutted to examine potertial limitati{rn rd srrr} q,rrdrr|n,n: hanrl crosslollinations tested pollen

limitation ard qater/nutrient treatrreDts tesled feiource limitation.

Produc t ion  o{v iab le  seed was l . ,w  ( :1 . : l ' 16  o f to ta l  ovu les  i r  1987 abd 7 .10 /0  in  l9BB) .  l l though l6 .9  l ! ,n r :n t  ud  1 ; .1  percen l

ofolnles (nr 1987 ard 1988 respectivch) had disperscd h.ior. rllk:tnm arr] (rn,ld hav.,t)nLribuLdl to viable seed set. The high
inciderce of undereloped (aborred or unlertilized) olul.s (41.10/o in l9B7 arrd 51.5o/o in lg88) susscst(l sccd srr nas limited.
-qeed production vas reduced br'*eeril predatior (bi 38.796 of all orules in 1987 ard 26.50/0 ;. l9B8). Viab|l, srrrl production
in hanrl pollinated fiuit ras hisher rh.n in iDsecr pollinated fruit. I{acemes receiling erta warer produred nrre viahl: srrrls Lhan
{!)nt.ols. R.sour! a$ildilitr rnd in fficlcnt pollinllnrn rppear to dfect seed production in S. nall,detldd ssp. elegazs.

Introduction

The intcnsivc studv of rarc and cndangered plant
species is a relalivel,v new scientilic pursuit. In

1 ' l a n t s  r . h i , h  h a r .  a  l , ' "  r ,  p r u , l u , t i r ,  o u l n u l . i l  i .
ncccssary to manipulate experimentally, not sim
pl,v monitor. populations. Such experimenls in the
field provide the best evidencc for fattors that mav
crucialll limit rare plant populations. lloreo\'er.
without such crpcrimcntal cvidcncc. lcgal protec-
tion b,y the state is impossible. Oregon Senate Bill
533. passcd in 1987. statcs that to make a deter-
mination on a species' endan€terment the reproduc-
t ive potential must be in dangcr ol fai lure due tcr
( l)  l imited pc4rulat ion numbcrs. (2) discasc. (3)
predation. or (4) other nalural or man-rnade fac-
tors affetting continucd cxistcncc. Morcor.er. such
data he$ tai lor managemenl f lans on a species by
spccies basis.

Data col letterl  in l9B7 showcd that Sr'dalcea
mah:aeflora (D.C.) Crav ex Benth. ssp. elegans
(E.Greene) (1. L. Hitchc. plants produced many
more flo$'crs than fruits (and thus seeds). Preda
tion. pol l ination l imitat ion. and resource l ;nl i tat ion
are some of the manv hypotheses erplaining why
plants mav produce morc l lorvcrs than fruits
(Stcphcnson l98l.  Hon' i tz and Schemske 198B).
The purpose of this stud,v is to determine which
of the abore three factors plav a part in l imit ing
sccd s(t in this rare plant.

'l'he 
most common 1{ay to test ibr pollination

limitation is through experimentdl cross pollimtions

(e.g." T,ee and Bazzaz 1982, Stephenson 198,1,
Canvood and Horvitz 1985). If fertilizations are
l imit ing, the number of viable seeds produccd in
hand pol l inated fruit  should be higher than in in-
sect pollinated fru;t. A highcr pcrccntagc of fruits
should de, 'elop from hand pol l inated f lorrcrs (Jcss

l iuit  abort ion) i f  pol len is a l imit ing resourcc.

Rcsourcc limitatjon ma_l be tested in a variety
" f  " . r r s .  \ t l t l i ng  r . . r l e r '  . r nd /o r  nu l r i en l -  t e -1 .
rchcthcr rcsourccs limit plant size (Lee and Bazzaz
1982), plant sun'ival (Crieg-Smith and Sagar
198l).  fruit  production (T,loyd 1980, Wil lson and
Price 1980, Stephcnson l9Bl, Stcphcnson l9B,X.
Lee and Baz.zaz 1982, Corchov 19BB) or seed
production (Wil lson and Price 1980, Stephenson
l984: Corchov l98B). Others have tested resourr:e
limitation of fruit and seed set through delbliation
(S i l lson and Price 1980, Stephenson 1981,
Stephcnson 1984. Corchor. 19BB), shading

{Wil lson and Priee 1980, Stephcnson 1981). fruit
thinning ([ , loyd 1980, Corchov l9BB). girdl ing
(Stcphcnson l98l.  Corchor. 19BB) and removal
of competitors (Creig-Smith and Sagar 198I).

ln this study I conducted one lvpe of manipu-
lation, resource addition. to test Ibr resource limi-
latiorr. Plants receiving cxtla watcr nnd/or nutrients
should have more rcsourccs to mature viable seed
if rcproduction is limited bv resources (Lee and
tsazazz 1982, Stephenson 1984).
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Study Area and Plant Description

Sidalcea nttboeJTora ssp. elegdns occurs frorn
southcln l)oufllas County through Curry and
Josephine (iounties in southwestern Orcgon to Dcl
Norte County in northeastem Calilbrnia. Eighteen
small. localizecl populations arc documented liom
throughoul this rangc. Thc studv area. Oak l'lat,
is near the confluence of the Roguc and Illinois
Rivers in Sisl.Jyou National Forcst, southvestern
Orcgon. The dominanl overstorv co s;sts of

Qttercus gorryo.no and Q. Aelloggri; the understor;-
is mostly a mixture of introducecl annual grasscs.

This subspecies is distinct in that it is thc only
clonallv-groving member of the SidoLcett. rnabae-

.flora group. Clonal mats range in area from I to
{l m'?and, in thc stud_v population, are spatially
segregated into 7 patches of plants. Patches
produced from I to 31 racernes in l9{l{}.  Becausc
of the clonal nature of this plant. it is dilficult to
determine how rnanv racemcs cach plant erects.
ln the foliowing experiments, I assume thdt
laccmcs ;:rct independently oI one another. There
is a possibilitv. horvever, that rnanipulalion of one
raceme $ill affect thc ncxt because interconnected
shoots may r:ompetc for and/or sharc rcsources,
Raccmcs cmerge in ear\ -April and llo*ering oc-
cur-s throughout Junc. These plants are obl igate
outcrossersi self-pol l inated planls producecl no
seed (pers. obs.).

Methods

Non Exper mental Data

T n  l a B T  a n d  l ' , 8 1 t  T  m r , l c  - \ - l  m r l i , .  n u n -
cxperimental obsen'at ions, the purpose oI which
nerc to gathcr baseline data on reproductir,e biol-
ogv. These data wcrc uscd to monitor predation.
floral abortion rates and numbers of viable seeds
produced by single and nrult i- fmitcd racemes.
Bascline data collected in 19BB were also uscd as
controls for 19Bf:|  cxpcrimcnts.

T  mr r l ed  100  r r ,  "m ,  s , . r eh  )p l r r  u - i ng  num-
bered wooden shkes and rccordcd number ofbuds
per plant. l lorvers reaching anthcsis (1988 only).
fruits initiated (1988 onlv). and fruirs marurcd cach
wcck from Apri l-July. ln I9B7 2 plant markcrs
r,iere losl beoausc of anthropogenic disturbance,
making the total racemes monitored 98. Raccmcs
\'!ere colleded and dried. lates o{ ovules vere
categorized as: missinli (dispersed. viabiJity un-
knorvn), aborted and/or undeveloped, attacked
(presumablv br the wee.vil Macrorhoptru niger) and
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viable. Viability was dctcrmined through germina-
tion tests in which seeds were placed in pctri dishes
to allorv imbibition, scalificd with a sterile knife and
allorveri to germinatc. The resulting seedlings were
gro$.n and donated to the local botanic garclen.

Itredation rvas analyzed to determinc whcther
single or multi-fluitcd racemes rvere preferentialJv
attacked by teevils. A Chi-square tcst wns used
to analyze $hether there was a difference in the
number ol ovules attacked pcr raccmc on sinplle
and multi-fruited racemcs. All racemes from the
baseline population t'hich clid not have dispersed
ovules $ere used for this analysis.

Experimental Data

Po ination Limitation

Expcrimcnt:rl pollinations rr'ere condurlecl in l9BB
to tcst $.hether seed production in Sidolcea mal-
raeJlora ssp. eleg.rrrr ;s pollinator limited. I ran-
clomly selected ten racemes tith a total of 33
flot 'ers. I f  st igmas wclc cxtended on my weekly
r.isit. I cross-pollinated the flou,er using a small
paintbrush and pollen from another clone (patch).
Raccmcs t'ere bagged then not being hand polli-
nated to discourage weevil infestation and to re,
cover all ovules. I collectcd and dried racemes and
catcflorizcd ovules as above.

A Chi-square test $'as used to analvzc n'hether
there *as a cl i f fcrcnce in the proport ion of hand
and open pollinated fruit bearing viablc seed. Con
trols were all racemcs in the baseline population
rvhich experienced no seed predation (compara-

ble to bagged racemes) and rvhich had no dis-
persed seeds (so thdt the fates of all seeds rvere

Resource Limitat on

WaLer and/or nutr icnts n'ere added to: ' i0x:J0 cm
plots to determine if additional resourccs rvould in-
crease viable sccd production. Placement of plots
was biased; lhcy \\'cre set up iD areas where planls
gre\'! !egetal;vely during the beginning ofthe fie]d
season. On average 0.5 raccmes l,".ere produced
per plot (range 0-2). There were scvcn replicates
of each of the four following plol trcatments:
( l)  eontrol (no addit ion), (2) t 'ater (1 l i ter pcr
week). ( i j )  a one-t irne nutr ient addit ion (19 g Ier,
t i l izcr, t imc-released 1,10lo N/140/o P/l4olo K pcr
plot), and (,1)rvutcr + nutrient (initial fertilizer plus
1 liter walcr pcr *eek). All treated racemes \{crc
collected. fruits were dricd. and ovules categorized.



Results

Non Experimental Data

Baseline information on production of reJrrot luc-
tive parts $,as obtained liom 98 racemes in l9B7
and 100 raeemcs in l9BB: nurnber of bucls per
raceme averaged .X.62 (range 1-12), numtrr ot
f lovcrs ar.craged 3.70 (range 1-l  0). and numbcr
of frui ls averaged I.55 (range 0 7). The number
of ovules per fruit  was the mosl constanl. alerag-
ing 6.0 (range,X-9).

Prcdation by thc wcevil. MacrcrhLtptu; niger,
and nondevelopment Nere the most common fatcs
of ovulcs at Oak Flat in l9B7 and 1988 (Table
I).  I t  l 'as clear that most ol the seed destruction
.ll'as due to the veevil bcc,ausc adult bcctlc pairs
were found in Sirlalcea flowers and larval and pu-
pated frrrms rvere found in dried lruits during ovule
rn . r l 1 - i . .  \ ' rmh ,  r -  u i  d i - p . r - . J  s . - Js  r r - r e  s i r n i -
lar in both vears. When rainlall ilas greater dur-
inpl fruit  and sccd maturation ( l9BB). viable seed
sel doubled.

The pattern ol weevil predation $,as analyzed
to dctclminc whdhcr- *ccvi ls preferential lv at-
tacked racemes $,ith more fruits. Thc numbcl of
attacked ovules per raceme from 2l single-fruited
racemcs (62 flowers,35 attacked/l20 total ovules)
\\'as compared to the mrmber of attacked ovules
pcr 27 mult i- fruitcd racemcs ( l  13 f lowers, 65
fruits and 1,1,1 attacked/38ll total ovules). llulti-
fruitcd raccmcs expericnced a much higher attack
rate (1'z14 = 12.5, p < .005). However. when
predation rate was analvzed per fruil (number of
ttackcd ovulcs pcr fruit) .  there rras no dif ference

in ovular attack rate in single and multi-fruited
racemes (12r,4 = 2.33 n.s.).

Thc pattern of abortion on flor-al pafls from bud
to mature lruit was examined on the baseline popu-
lat ions in both 1987 and 1988- Only about l0 per-
cent of raccmcs maturcd all fruits thev initiatcd
( 12.2o/o ir I9B7 and 9.00/o in l98B). l hile nearlv

30 pcrcent abo ed al l  fruits (3,1,.79lo in I987 and
30.00/o in I9BB). In I9BB abort ion rates bet$'een
stages \!ere more thofoughly monitored to deter-
m;ne at which stage(s) abortion Look place; bet$een
bud and anthesis 19.9 percent of buds vere
aborted. betrveen flowering and fruit initiation 50.6

le r cen l  r r e re  cbo r l e t l . . r nJ  be tueen  fn r i t  i n i t i n t i on
and maturation abort ion rvas 15.4 percent.

Po l inat  on

The ten racemes that $,ere hand pollinated
produced thirty-three f lowers. Onlr- eighteen
flowers t'ere receptive to pollination during my
visits; seren fruits and l2 viable seeds out of 39
total ovules matured.'fwentv-three unmanipulated
open polJinated racemes. serving as the control
group, produced 36 fruits, 73 flovers and 32 via-
ble seeds out of 207 total ovules. There iras a
di{fcrence in the number ofviable seecls procluced
per fruit in hand and open polJinated fruit (1',2;
= 3 . 9 1 . p < 0 . 0 5 0 ) .

Fesource L mitation

ln Oak Flat Sidalcea in l9B7 I compared single
and multi-liuited racemes of 100 base)ine plants
and found that 700/o of the viable seeds produced
1{crc fiom singlc-fruitcd racemes (of thc 62
racemes which produced fruit .  32 were single-
fiuited). ln 1988, the 100 baseline single-fruited
and mult i- fn-r i ted racemes produced roughl!
proportional numbcrs of viablc sccd; 24 singlc
fruited racemes (340/o of total racemes) produced
3(r.0 percent of total viable seeds rvhi le ,16 mult i-
fruited raccmcs (66Y0 of tottl raccmcs) produccd
64.0 percent of total viable seeds.

The purpose oI resource addit ions l las to par-
tiLion ellects oI rr rter rnJ/ur nrLtrient Limitetion un
viable seed set. The results mav be compared bul
the sample sizes are small ,  and thus too var- iable.
to dctcct any statistical diffcrenccs. Watcr appcars

T. \BLE l .  Percentages  o l  ovu les  ro l lec tq l  l rom tunr r ) i  r {ccm$ in  l9B7 (9B ro ( ! , , r \ )  rnd  l9BB l l00  r rc . t . \ ) .

\lissnrg
(q { i )

thderelrped+*
Total Florers \fatured Fruit

19i l?

t 9 8 B

1 t . t

5 1 . 5

t 6_9

1 5 . 1

3B . ;

26.3

105

1 5 5:J 70

302

9:10

3-3

7 . 1

+Owkrs \fcrc rlcenrrl riahlc il Lho gr:miratcd ali(r laboraLorl tratn.nt.

* * lndur l l s  a tu t l i  anr l  u r l in i l i z r r l  sccr ls .
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TABLE2.  Fa t ( i , , fo \u les  n r  { ru i t  rec i l i t s  add i r iona l  water  a rdbr  nu t r ienrs  as  * rmq,ar i r l  to  l iu i t  f rom rh , i  ra rur l l  enr i ronmd)r .

Total Totdl
l . u i L

' l ( rLa l

Seeds
Viable ,qeed/ Orules Eateri

Fruit Fnrir
olutes Lnde(t,4xrll

Fmil

CoDrrol

2

3

2

100

5

:l

5

1 5 5

29

2 l

30

931

2.OO

0.00

0.60

0.1:]

t . .10

2 .75

L,t0

l 511

2 .10

2 .50
,t.00

4 .00

to be a limiting factor: flllits recei\ ing extra watef
produced ovcr lbur tirnes thc number of viablc
seeds per fruit than controls (Table 2). Thc effect
of addit ional nutr ients mav dccrease viable secd
sct because no r.iable seeds were produced.

Discussion

In both 1987 and 19BB viable seed set in Sidal-
cea ntLh:nefktra ssp. eLegans was vcry lorv (3.i30lr
and 7.]Yo of the total numbcr of olules respcc-
tir.el,v). Sorne of the missing secds mav have been
viable: thc actual seed si:t may have been higher.
Arnold (19{32) cites low seed scts for other sel[-
incompatible perennials: f)icerttra catat]ensis

l2-7o/o). Eryhntnium albidum (6-IIoh\ antl Linaria
uulgais (1.4o/o\.

'Ihere 
are two lcr.els on which this population

of pldnts seems to be producing, and subsequentlv
aborting. floral parts. The first is a common over-
production oflloral strutturcs (buds, llowers. fruits)
that may be caused by genetic or- der.elopmental
abnormalitics or by a resfonse to limited resoLrrccs
(Stephcnson l98l).  Somc abort ion occurrcd be-
tneen bud and anthcsis (19.90^) and bctneen fruiL
init iat ion and maturation (15.40/o). bur the bulk of
floral struclurc loss took place bctt'een llowering
and fruit initiation (50.670). 'Ihe 

high inciclcnce of
l l o r . r l  a l , o l t i , , n  be t r . ecn  a r t h r - i s  Jnd  l r u i t  i r r i r i e r i , ' n
mav be sccn as an adaptal ion either to respond
to cnvironmental strcss or to eliminatc fruits con-
taining many abortcd or unfertilizcd or.ules (llclovicr
and Aker l9BI).

The second levcl on l'hich Sidalceo is produc-
ing and aborting floral parts is olular. I{arprr
( l977), Llovd (f980) and Stephenson (1981) sug-
gcs l  - omc  l \  p , .  , , 1  i n te rna l  r . ; : r r l : r t i , ' r r  i -  r e - l , , r r - i -
ble for this abortion and Salisbur-r (1942) sLrggcsts
"intcrnal conpeti t ion." both of nhich implv re-
source l imitat;on. Corchov ( l  9BB) points our lhat
unfcrtilized ovules and fcrtilized olules that sub-
sequentlv abort must be dist inguished becausc the

l;rst tvpe of abortion is primarilv dctermined bv
la ,  k  , , 1  f ,  r i iUz . r t i on  a r rd  t h ,  l . r t t e r  mar  b r  d , : r c r
m ined  l , r  l . r ,  k  u l  r e "o r r r ce - .  Th ,  l . r r ge  p lo l , o r t i , , n
of rurdeveloped (unfertilized and aborted seeds
lumpcd together) seecls in this Sirlalcea, 41.1 per-
r:ent in 1987 and 51.5 perccnt in I9BB. suggcsts
that seed initiation mnv be limited bv thc pollirra-
t ion svslcm. ln I9B8 mean viable seed produc-
tion pcr liuit rn Sidak:ea rr.as highrr in hand
el.l.adonallv pollinatecl fruit than insect pollinated
fnLit ( I .71 , 's. 0.89). ' lwo explanations lbr the lack
of developrnent rnight be that the systcm is limired
bv thc number of pollinators or, more plausibly.
much of the pollen received by flovers from in-
sects is intraclonal and thus incompatible. Although
seed sel was higher in hand pol l inated racernes.
f r u i t  '  t  " . r -  no t .  Th r r - .  pu l l i n r t i o r r  l im i ru r i u r r  m . r r
allict the distribution of seeds rmong fuirs but not
total f i  ui l  set.

Seed predation caused the second greatest lirni-
tat ion ofsced set. Seeds ofthis planr expericnced
higlr predati , ,n fr, 'm the r.eer i l .  l ln, rurh.tpnL, niga.
as el idcnced by i ts prescnce in al l  i ts dcvclop-
mental forms within Sidalceo flor,".crs and fruits.
Prcdation rates such as those sern
i3{:}.7 pcrcent and 26.5 pcrcent. are not uncom-
mon. Lee and Bazzaz (1982) cite a range ol0-49
pcrcent of seeds attacked bv uee,'il larvae in Cor-
si,a lasciur.kr,tct. Muhi-fruitcd racemes \\'crc
plcferential ly attacked b,t wccvi ls (5. i3i3
seeds/raccme vs. 1.67 sccds/raceme on single
liuited racemcs). but prcdat;on rr'ns not sign;ficandv
diffcrent per fru;t  (2.21 seeds/fruit  vs. 1.67
seeds/fruit on single-fruitcd racernes). Even though
a clone t'hich spreads out its fruit in scveral single-
liuited raeemcs might eseapc predalion (pcr
raceme) bcttel than a clonc rrhich produces a sin-
gle mult i- l iui ted racemc. the production oi more
fruits for rrccvils to choose from on multi-fruitcd
rJ , l  mes  - cFm\  t , ,  r i  gJ t c  . r nv  ad r rn t r€ r ,  i r r  e -ea l -
ing predation single-fruitcd racemes might have.
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Preliminary cvidence suggests Lhal resourccs
also limit viable seed set. SingJc-fruitecl racemes
Irom the baselinc population produced rnore via-
ble seed than multi-fruited racemes cluring l 9B7.
but rrhen more water nas availablc, viable seed
set $as roughlv equal. Corchov (I98B) iound that
trcatments that reduced the numbcr ofplant parts
compeling for rcsources produced higher fnri t  srts
than controls.

Although I atternpted t{) parlition the su€{€iested
resource l ini tat ion into t 'ater and/or mineral
nutr;ents. both predation and srnal l  sample sizcs
compJicate interpr-etaLion of rcsults. Hovever. the
fact that raccmes receiving extr-a water- produced
more viable seeds than controls suggests that $a-
ter ma,v be a Jimiting factor.

Tn Oak !'lat Sidalcea, three factors sccm to be
acting to Jimit seed set: lack of pollination. limited
rna te r  a r rd  -e . , 1  p r . Ju l i un .  Bee r r r . e  t h i -  . 1 , - c i - .  i -
rhizomatous. plrnts mav spread thr-oughout current
habitats thror-rgh asexudl rcproductioD. Howeler.
seed production is necessarv for cstablishment ol
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net' populations. Because established populations
ma,v pcrsist inclefinitely through clonal grorvth, I sug-
gcst simplv monitorimg the dcns;tv of emergent leal
clumps per meter scluarccl in clonal patches of
selected populations to determine thether popula-
tjon size is increasing or decreasing. If population
sizes cleclinc, T suggest a combination of threc man-
agement strategies to increasc scccl set: cross polli-
nations, water additions and/or predator cxclusion.
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