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ABSTRACT

This following study on the endangered Tobusch fishhook cactus (Ancistrocactus tobuschii) was
condugted from 1991 through 1994 (and additionally 1995 for report finalization} on three
study sites: The Walter Buck Wildlife Management area (BWM); Devil's Sinkhole (DSH); and,
Kickapoo Caverns (KPC). Field pollination, seed ecology, annual mortality, reproductive
effort, and changes in plant size werg investigated. .

- The, bigeding system, potential pollinators, and effects of pollen donor proximity on
reproduction were all investigated. The mean percent frust set, number of seeds per treated
flower, and percent seed germination were all much lower for hand self-pollinated flowers
(5.0%;]1.1 seeds; 6.3%) than for hand cross-pollirated flowers (98.0%; 38.9 seeds; 22.7%),
indicating that this species is self-incompatible with respect to pollinatior. 'Several species of
halictid bees were the most commonly observed insect visitors at both sites during the four
year field investigation, although a limited investigation into theif effectiveness as pollinators
indicates that they may effect little pollination per floral visit. A test of the relative etfects of
artificial ;poliination using "neighbor” pollen (i.e., from within the same colony) versus
_ "distant" pollen (i.e., from another colony .in the same population]) on preemergent
reproductive success at one population site showed that no significant differences exist
between the two test groups with respect to fruit set, seed set and seed germinability,
indicating that pollen transfer between closely proximal individuals (which have a higher
probability of being closely related) may not be jimiting reproductive success in this
population. ' '

. The séed ecology was examined with respect to seed dispersal and predation; annual seed
. germinability; the period of germination in the field, and the relative field germination success
. within :several different types of microsites; and the soil seed reserve. Removal by ants
. appeats to be the most common fate for seeds of this species, perhaps initially affecting as
. much :as. 85% .of annual production. The only species of ant observed moving Tobusch
fishivook cactus seeds at all three sites during this investigation was a small reddish-brown ant
(Farelir}a's foetidus), which was observed to be very effective at removing most seedds from most
fruits and into its ant mound. The fate of seeds following transport into the mound is
unknown. For the 15-20% of seeds not immediately removed from fruits by ants, dispersal
appeats limited mostly to gravity and rainwater, as evidence by the comuron occurrence of
seedlings surrounding mature adult plants. Successful dispersal of some seeds away from
maternal parent plants may be effected by occasional ant droppage of seeds and infrequent
vertebiate frugivory, but post-dispersal predation of such seeds by ants may impose additional
limits ffo the actual effectiveness of this as a dispersal strategy for the cactus. Annual seed
germinability varied widely during the four year course of this investigation, from a high of ca.
67% at one site to a low of ca. 1% at another site. With one exception, significant differences
were only noted between years, and nof between sites for each given year. Reasons for this
wide Variation in seed germinability between years are not yet understood. An overall
average of ca. 20% of seeds placed within protective exclosures throughout each field study
site germinated after nearty one year, although this varied somewhat between sites.
Percentage germination was similar between each of three different microhabitat types where
seeds were placed, although "beneath rocks” was slightly greater that "selaginella”, which was
slightly greater that "grass”. A modest size reserve of germinabie seeds was detected in the
soil at:two of the three sites which were sampled. While most samples did not contain seeds,



those seeds which were detected were from samples collected within several decimetess of
reproductive-sized plants. '

Mortality, reproduction, and changes in plant size were monitored.” Individual plant diameter
varied significantly between years, occasionally resulting in an average decrease between
annual censusing periods. Its value as a measure of annual growth is' therefore somewhat
limited, but plant diameter does appear to have useful predictive value concerning the onset of
sexual reproduction, reproductive output and, to an extent, of impending senesceénce. Plant
diameter may therefore be useful in delineating different life stages for demographic analysis
of populations, Annual mortality was high during all years at BWM and DSH, buit'was inore
modest at KPPC. Of the planis monitored in 1991, 55% at BWM and 69% at DSH had died by
the end of March, 1994. Grub infestation accounted for the majority of attributable mortality at
all sites during all years, and was probably responsible for a large percentage of mortality for
which a cause was not. discernible. Grubs of two cactus-specialist coléeopteran species were
identified as causing such mortality: Moneilema armata LeConte and, especially, Gerstaeckaria
' nobilis LeConte. Herbivory by larger mammals accounted for a small but constant portion of
the annual atiributable mortality, although such activity was not always immediatély. fatal
because many planis (especially at DSH) produced branches following mammal-asscciated
damage to the main stem. For reasons which are not yet apparent, the annual flower, fruit,
~ and seéd production per plant decreased consistently and significantly at all popiilations
. during each year of this study. Annual fruit sef (fruits/ flower) was generally constant at near
'70% throughout the course of this investigation, white average seed germinability: varied
widely between years, from populational annual averages of ca. 65% toca. 1%, - |

If the trends observed during this investigation continue, the high mortality, decreasing
reproductive effort and success, and apparently low séedling recruitment could lead fo the
rapid extinction of the study. populations, especially at the BWM and DSH sites. While‘morze
information concerning the autecology of this cactus should be acquired prior at any attémpts
at development of a long-range management strategy, it may be necessary to employ stop-gap
measures in theé mean time, and control of the grub-related mortality seems like ai obvious

starfing point.
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Three namra]]ymcurrmg populations of the endangered Tobusch fishhook
cactus (Ancistrocacius tobuschii W.T. Marshall ex BRackeberg) were utilized to
investpate moriality, changes in plant sizé, and aspects of the repmduéﬁve tiology.
Two populations were monitored for four consecutive fears, the third for two
consecutive years, Data pertaining fo plant diameter, reproductive effort and success,

and mortality were gathered through regular censusing. Several manipulative field



and greenhouse trials were conducted to examine aspects of the pollination biology,

seed dispersal, and seed germination.

Field pollination studies showed this cactus to be strongly self-incompatible;
ihat fruit set, seed sei, and seed germinability were not significantly different between
within-colony and other-colony poflen donation; and that natural cress-pollination

may be largely effected by small, solitary halictid bees.

Se=d removal and short-distance dispersal appear to be largely effected at all
three sites by the small ant Forelius foetidus, but the majority of these seeds may end
up in the ant mound or in buried refuse piles. Bvidence for occasional longer-
distance dispersal by birds or mammals was also observed. 'Grgvity and rain-wash
dispersal probably also account for a small percentage of seed dispersal. Seed
germinability was extremely variable between years, from ca. 1% to 65%. An
average of 20% of seeds germinated after ca. one year of placement within field
exclosurcs, with litle difference noted in germination between three microhabitat
types. A modest soil seed TeseIve was dett_:cted lat tw;:_t of ﬂlc three sites, al;tliuugh

this was limited to the direct vicinity of reproductive-size plants.



Annual census data indicate that populations at two of the three study sites
may be in danger of extinction. Annual moriality was consistentty high between
years at these two sites, affecting rca.. 20% to 35% of monitored planis. Two species
of cactus-specialist beetle were responsible for the majority of atiributable mortality,
and probably for much of the nnnﬁtu'ibutabla' mortality. Annual flower, fruit, and
seed production decreased consistently between years during the censusing period,
while percent fruit set remained relatively constant. Average changes in plant
diameter ;.vere generally small, indicating that previous speculation of fapid gmwm

rate for this cactus may reguire reevaluation.
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CHAPTER 1.0 INTRODUCTION

This disse;!'iation presents the findings of a four-year field study and analysis
of the reproductive biology, mortality, individual plant size changes ‘within three
natilmﬂy—udcmring popuiations of the rare endemic Tobusch fishhook cactus
(Anicistrocactus tobuschii W.T. Marshall ex Backeberg) in ;:enﬁal Texzs. This study
 was sponsored by the United States Fish & Wildlife Service, through 2 cooperative
agreemenf with Lhe Texas Parks & Wildlife Department and the University of Texas
at Austin, to allow fulfillment of severaf task objectives presented in the species

recovery plan (USFWS, 1987) for this federally-lisied endangered cactus.

~ Chapter i of t]ns dissertation provides a generai description of the siudy plant;
identification and a general description of the field study sites which were monitored;
a brief mention of other facilities which were utilized during the course of the study;
a note about limitations on samnple sizes used in ﬂﬁs investigation; and mention of the

 data management and statistical software which was used.

In Chapter 2, a brief overview of the general concepts associated with species
rarity is presented. The natvre of rarity in the Tobusch fishhook cactus is then

assessed with regard to these general concepts. Finally, the goals of this pa.rﬁcula:



investigation are ,presenied, including mention of their potential relevance fo

conservation of this rare species.

Chapter 3 provides a.description of the protocol and resulis.of an investigation

. of several features of the pollination biology which were performed using severai

naturaily-ocenrring populations of A. sobuschii. Specifically, aspects of the b@ﬁ]lg
system, the potential pollirators and their relative effectiveness, and the relative

effects of near versus far pollen donation were all investigated.

The fourth chapter details an investigation of the seed ecology of the Tobusch
fishhook cactus. Specific features which were examined include the average annual
seed production and seed germipability; seed dispersal mechanisms; field germination

of seeds; and the soil seed reserve.

Chapter 5 provides a description of the ﬁclr_l monitoring protocol used during
annual ¢ansuses of natural populations of 4. febuschil; and a summary of the varioes
data obtained daring censuses and the analyses performed on these data. Two of the
study populafions 1;-’&11: monitozed for four consecutive years, while the third was

mionitored for two consecutive years. General features which were examined durng




this investigation include individual i}lant size; sexual reproductive effort; mortality;

and annual changes in each of these features.

1.I  STUDY PLANT

Morphology and Phenology

'Iﬁe Tobusch ﬁshhnnk cactus (Ancistrocactus tobuschii W.T. Marshall ex
Backeberg) is a small, tuberculate cactus which is endemi¢ to the central’and western
portions of the énuthem half of the Edwarils Plateau region of Cenral Texas. Adult
plants typically grow, unbranched, to a height of 4.0 to 5.0 cm. and a diameter of
4.0 to 5.0 cm., although there are reports of plants as large as ca. 9.0 em. in
diameter (Weniger, 1970). The onset of vegetative growth, as evidenced by the
apical produc:uun and expan:uun of new tubercles, becomes apparent m April and
Majf of each year (pers observ.). Branching appws to occur in only those plants
which have suffered damage to the stem apical meristem (Marshall, 1932;
pers.ﬂhseﬁ.}. Each tubercle and its associated areole contains 7 io 9 .rzu:lial spines
and 3 to Scentml spiﬂes,:mle of which is hooked, Fibrous root systems (Benson,
1982) and short iaproot sysiems (Weniger, 1970) have both been reported for this

cacius.



Flowering occurs once per year from early February through mid-March, with
the yellow/yellow-green flowers borne in the axils of tubercles formed during the
most recent growing season. The largest plants may bear eight or more flowers in
one season (pers. observ.), With the lack of successﬁﬂ pollination, individual
flowers may apen daily for up to a week. The green fruits, which ﬁré generally 2.0
to 3.0 cm. in length, reach maturity in mid to late May, at which time they may
acquire a pink tinge. As fruits dry, a longitudinal slit forms to expose the black
seds, of which there are usually about 20 to 40'per fruit; seeds are papillate, and
approximately 1.5 mm. long, 1.5 mm, broad, and 1 mm. thick (Benson, 1982).

Reproduction. in this species occurs exclusively from seeds (TPWD, 1984).
Distribution

The Texas Natmral Heritage Program of the Texas Parks and Wildlife
Depariment has documented the occurrence of forty-seven populations of .this species,
from the time-it was first described in the early 1950°s through May, 1995 (1. Poole,

secs. comm., 1995). “Texas counties from which this plant has bean reported include

‘Bandera, Edwards, Kerr, Kimble, Kinney, Real, Uvalde, and Val Verde (Figure

11). Wauer (1973) reports that this species also occurs in the Dead Horse

Mountains, Big Bend National Park, Brewster County, Tx.; Weniger and Warnock
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{USFWS, 19792} and Zimmerman and Poole ('I'PWD 1984) believe that this is
ccn'amly a mlsldenuﬁcauﬂn however, as the.sa mountains are several hundred miles
west of the nearest confirmed Tahusr.:h fishhmk cactus population, and possess very

different habitat chasacteristics than areas where A. fobuschii is typically found.

Taxonomy

Tlus taxon was first dlscwere-d and df:scnhad as a distinct spacms in the early
1950°s (Ma:shall 1952} a.lt]mugh with the original nommlclamral combination
published as “Mammiﬂaria (Ancistrocactus) tobuschii W‘.T.Marshall“, there was
obviously some. confusion by the auﬁﬂr as to the correct taxonomic affinify. Since
that time, there have been addiﬁpna.l confusion and disagrﬁmﬁént asto the tazxonomic
stafus of this plant, Backeberg (1961) placad this species in the ge:ius;i_ncisrmcm.r,
but Weniger {1970) placed the Tobusch fishhook cactus (as well as its f::ongcnsrs and
species from other closely .Ielated genera) into the genus Echinocactus. Weniger's
nomenclatural combination for this specms i reportedly invalid, however (TPWD,

1984; USFWS, 1987).

More recently, Zimmerimnan (pess.comm., 1992) has stated that the Tobusch

fishhook cactus should be classified as only a variety of the closely-related species




Ancistrocactus brevihamatus Britton & Rose (which Benson (1982) claims is merely
the matuze adult form of A. scheeri Britton & Rose). To add ecological confusion
o tlﬁs taxonon;iq problem, the peographic ranges of Ancisirecactus tebuschii, A.
brevihamatus, and A. scheeri overiap somewhai in Kinney and Val Verde Counties

| and, although these taxa usuaily m;cupy different types of habitat within this area of
distributional ﬁverlap (I. Poole, pers.comm., 1995; pers.observ.), several closely
sympatric pﬂﬁulaﬁons of A. tebuschii and each of its congeners are knows o occur
J. Pmie; pers.comm., 1995). In a limited greenhouse investigatior,” Zimmerman
{unpub. ﬂata) noted successful fruit and seed-set resulting from hand-cross pollination
..Of A. tobuschii with its congeners, aithough -seed germinability was fiot assessed.
Poole ([.Jers.mmm.,. 1995) has observed some evidence of natural Ihybridi'ﬂ]ﬂun in
closely sympatric Ancistrocactus populations. ”

In spite of these iaxonomic and ecological problems;, 4t this time
Ancistrocactus zaf:usd:ii" is still the most widely used sciéntific name for the
Tobusch fishhook cactus. For this reason alone, this nomenclatire is therefore
followed throughout this dissertation, although its use should not be construed as an
endorsement of this clsi.ssificatiun. Indéed, the author believes that thz‘z relationship
bemeen this plgmt and its.(iongme'rs is in need of further i‘eseafch, although such an

investigation is not within the intended scope of this study.



Habitat, Fcology, and Population Characteristics

Most of the earliest-discovered populations of this species occurred on
graveily soils in flood-prone areas associated with rivers ard streams (USEFWS,
1987), but this type of habitat is now considered to be much less. typical for this
species. Preseatly, the great majority of known Tobusch fishhook cactus populations

grow in full sun to moderate shade on rocky hilltops or mesa-tops in shallow,

 limestone-derived soils (J.Poole, pers. comm., 1995). The vegetational community

type with which 4. _:abuschii populations are typically associated is the Ashe Juniper
— Live Oak Woedland, although planis are usually found in the refatively clear,
grass and herb dumina_tad openings between wooded areas. In fact, because these
inconspicuous and difficult to find cacti (e.g., see Sabu,. 19‘?I8)_:mmewhat resemble
the clumps of bunchgrass with which they are often closely associated, it has been
suggasted that A. rebuschii may effectively be a grass mimic, andfq{ that grasses may

function as Murse plants for developing Tobusch fishhook cactus seedlings and

juveniles (TPWD, 1989).

. _,__Until_fairly recently, fewer than two hundred Tobusch fishhook cactus plants
were known in the wild (USFWS, 19792). While more A, tobuschii populations have

since been discovered, the majority of these are our;lpased of few and/or widely-




spaced individuals, and the total number of known plants at this writing is still

relatively low, only around two thousand (J.Peole, pers.comm., 1995).

Sévmal. knovm 'populatiﬁns of this taxon are krown to have gone extinct or
have been dmﬁmﬂy reduced ini i’ﬁlmhéfs (USFWS, 1979b; 1987, pers. observ.),
including the population from which this species was first described.. Knoewn or
probable causes of population extinctions include ratural and/or man-caused habitat

disturbance, ard decimation of populations by commercial cactus collectors.

The small and apparently precarious nature of most populations and the
.la.rgeiy unknown species biology of this eactus, coupled with known pressures such
as persistent and increasing habitat alteration associated with such activities as land
'devélﬂpmmt and ranching, and large-scale collection of entire cactus populations to
supﬁl:,r the: domestic and foreign cactus trade (see TPWD, 1991), led to the addition
of Ancistrocacis tobuschil to the endangered species list of the Utited States in 1979
| {44 FR 641;36), and the State of Texas in 1983, These and other factors which may
be contributing to the rarity of this species are discussed further in Chapter 2 of this

dissertation.



1.2 FIELD STUDY SITES

Najvrally-oceurring A. tobuschii at three scpasale sites. were uuhzed for study
during the course of this project. Before providing a description of each of the thres
study sites however, it is necessary ﬁ:st_ to briefly discuss the "plant grouping”
terminology used throughout this dissertaion. The maiority of Tavusch fishhook
cactus individuals at all three sites occur within fairly spatially distinct gfoups of
several to many individuals, within which the majority of interaction (e.g., pollination
and see dispersal) occurs, and each of these groups is herein réferred o as a
"colony.” In turn, some of these colonies occur in ¢losely proximal groups, such fhat
there is.still a substantial: likelihood of interaction between colonies within these
groups. A gtoup of closely proximal colonies with a high hkehhood of ffequent
intéraction is from here on referred to as a “population.” Interactions between
different populations at each site are probably much more infrequent, hnnted by such
features as distance and topography. Stiil, occasional interaction between populations
at-each site does most likely oceur, so the entirety of populations at each study site

is described here as comprising a "metapopulation.”

Tobusch fishhook cacti at two of the three study sites, i.e., the Walter Buck

Wildlife Management Area (BWM), Kimble County, and the Devil’s Sinkhole State

10



Natural Area {bSH), Edwards County, were monitored during the entire 1991
thrc;ugh 1994 guration of the field study. A sité in Real County which had originally
been chnsén for fietd monitoring starting in 1991 could not be included 1n this study
hecaﬁse the property owner recanted accesy permission. Beginning in 1993, and
| mnhnmng through 1994, relauvel:-,r newly-msouvered populatdons of Tobusch
ﬁsﬁhuok cactus ai Kmkapoc Cavems State Natural Area (KPC) southern Edwards
| County and northern Kinney County were included into the study. Condifions at all
of the mnmtured A. tobuschii populations within the three metzpopulation sites are

characteristic of the rocky hilltop uprlami" type habitat which is most typical for this

species.

m::generﬁl, these three Tobusch fishhook cactus sites were chosen for inclusion
in thig study — with the help of Texas Natura Heri'tage- Program personniel —
because 1) they were known o contain a substantial nuinber of individuals; 2) the
ihree sites each occur in gengraphlcall}r dlfferent portions of the known range of this
spunes {see Figure 1.1); and, 3) the sﬁes occur on state-owned prope:rty, where
continued .amess could be assured for the duration of the study. In addition to the
ah{.-ve criterja, choice of these three metapopulation sites was also somewhat
| furtmtuus because the prmnousl}r descnbed faxonomic and acnloglcal mntmvers}r

COMCErning A, tebusehii and its congeners was able to'be largely dvoided. The BWM

11



and DSH sites are both just ouiside of the known distributional range of other
+ Ancistrocactus taxa (Benson, 1982), and no other species in this geaus were observed
at these sites during the four year field investigation, Other Ancmmmcms taxa have
been reported from Kinney County (Benson, 1982), however, | and several A.
brevihamaius have indeed been seen within the KPC property huuﬁdaries (J. Poole,
pers. comm,, 1995; pers. observ.). All of the 4. brevihamatus observed at KPC
were growing in lowland .si_tuaﬁons, however, while the 4. .mb:;.rdafi_ populations
which Were monitored at this site occur on rocky hilltops. ﬁo evidence of
hybridization was observed within the 4. tobuschii study populationr; at KPC during

the course of this investigation.

The KPC site is located ca, 64 kilometers (ca, 40 miles) south/southwest of
the DSH site, and ca. 116 kilometers (ca. 72 miles) soﬁthwest of the BWM site. The
DSH site is located ca. 56 kilometers (ca. 35 miles) southwest of the BWM site. As
shown on Figure 1.1, BWM lies nearer the northern and eastern boundaries of the
present species distribution, while DSH is more centrally Iocated mthm the known

- range, and KPC occurs nearest the southern and westem distributional boundanes.

Unless noted otherwise, scientific nomenclature for cacti follows Benson

(1982) and for all nt_hgr types of plants follows Correll and Johaston (1970).
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Dominant vegetation a,t ail three sites is génerall?r eypical of that asspciated with
.upl.and-mcuning populations of this specms and inch"ndes live oak (Quercus
fusiformis Small), ashe juniper (Juniperus ashei Buchh,), Texﬁs persimmon
(Diospyros texana Scheele), elbowbush (Forestiera pubescens Nutt.) and agarito
(Berberis trifolialata Monc) Mexican pinyon pines {Pintis cembmidés ¥. remota
Little) are presént at DSH ajnd arg common at KPC, "hu; are neot found at BWM.,
Dthér cacti which are found at one or more of the study sifes include several species
of prickl;' pear (Opurniia findheimeri Engelmznn and O. phaeacanthia Engelmann),
tasajillo {ﬁ. leptocoulis de Candolle), sulcate cory cactus (Coryphamtha sulcata
(Engelmann) Britton & Rose), lace cactus (Echinocereus reichenbacki v.
reichenbachii (Tenschack) Haag{:, £-, ex Britton & Rose), pitaya (E. enneacanthus v.
.enneacamhm Engelmann}, claretcup cactus (E. triglochidiotus Engeinmzm) biznaga
de chilitos (Mammillaria heyderi Muhlenpfnrdt}, buiton cactus (Epithelantha

micromeris (Engelmann) Weber), and horse crippler {Echinocactus texensis Hopffer).

Although the location of many of the study plants at ﬁWL{', and of the general
mlan},r site,s mnsﬁtuting the DSH and XKPC metapopulaﬁons, had been previously
| mapped bjr Texas Parks and Wildlife Depa:tment pmsonnal much of the late winter
and early spnng of the uuual year of the site mvesugauon (BWM and DSH — 1991,

KPC — 1993} was spent surveying these properties fm’ additional plants and colonies.

13



In addition to those areas where A, fobuschii was found there was a great deal of
apparf:ntl},r suitable habitat at all shree sites whare a0 Tobusch ﬁshhcok cacu were

found during surveys.

Once identified, individual plants were number-mgged and mapped to allow
1dentlficatmn during subsequent censuses. Newlyvdlscnvered plznts which were
grﬂwmg within or pmnmal o mnmmmd colﬂmes between the time of the initial site
surveys and through 1993 were also numher-mgged mapped, and included in
censuses. Details concerning tha censusing protocol are presmted in later chaptars

of this dissertation.

During the course of the field sn.:dy,l 162 plants were E:eﬁsuséd at BWM, 504
plants were censused at DSH, and 116 plants were censused at KPC. Tn addition to
the censused plants plants in several separate colonies or populations at DSH and
KPC were also utilized for several other aspects associated with this study, but were |

not included in the annnal ceasusing,

_ Asshownmﬁgures 1,2 1.3, and 1.4, mBWM colomascnmpnmngtwu
poputations, three DSH colomcs comprising one pnpulat:mn and two KPC colonies

comprising two populations {respact'wely) were included in ' some portmn of this

14
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Figure 1.3. Approximate location and boundaries of study mlcmies'_at DSH site.
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investigation. The boundaries of the colonies and populations were determined

through intensive surveys.

1t should be mentioned here that tﬁa study plant groups are mai;the only
Tobusch fishhook cactus colonies and populations known to occur at each of tie three
study sites. Although large areas of all thres site:’.: were surveyed for A. iohuschii at
the onset of this investigation, time, resources, and property boundaries cupstrajned
ﬂus survey to what_. was felt io be a practwa,l limit. Other surveys not mnnected with
'tlﬁs study have since discovered several addiﬁ;:rnal individuals and colonies of

Tobusch fishhook cactus at all three sites.

In an attempt to provide some quantification {;f ;Jbvious.l qualifative diffn:rences
betieen colonies, and to allow some comparison of colony density between
Populaﬁuhs and between metapopulations, a very rough estimate of the aveﬁge plant
density within these groupings at each site was made. To acmﬁlpﬁsh this, colonies
" - were surveyed to 'de_.:_temﬁna their appmxiniate outer boundaries, i.e., the hra heyond
whlch m additinnaii plaits were found, plus a.sﬁall b_:uffer.znne. _The amcunt of
abparently suitable habitat oceurring within the colony boundaries was then evaluated.
Criteria for the determination of apparently suitable habitat followed descriptions

presented in the species recovery plan (USFWS, 1987) or provided by tlie Texas

18




Natuzral Heritage Program (TPWD, 1984), and, especially, by using knowledge
. gained through field experience. The approximate areal .mverage of apﬁarently
suitable habitat within colony boundaries was then determined from direct field
measurement, To roughly estimate the approximate density of a colony, the tofal
number of plants of all sizes fuun& within that colony at any time during the course
of the. field investigation was divided hj; the areal coverage of suitable habitat witiin

the :lmuudaﬁes.

Az shown in Table 1.1, there is a great diffgrenoa in within-colony plant
density between fhe three sites, but the within-colony plant density within sites is
fairly consistent. White relatively small in areal coverage, the KPC colonies are far
the maost dense of all sites, containing an average of appreximately one plant per
square meter, The aw plant density within the suitable habitat of colonies at
DSH is approximately one plant per four square meters, while BWM colonies are the
most diffuse relative to the other two metapnpulﬁtions with an averagé colony density

of approximately one plant per one hundred square mefers.

As.a note of caution, it should be reemphasized that information presented
above and in Table 1.1 is only a rough estimate of "within colony™ plant density at

each site, and is largely intended for relative comparison of the three sites. No
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Table 1.1, Approximation of “within colony” density. (¥ plants/ur’} at each site, including
~within population” and "within sits” gverages. Approximations are based upon the total number
of known plants encovgtered within each colony during the course of the field mvestigaticn, the
field-surveyed boundaries of the colony (plus a small buffer zane), and the amount of apparesitly
suitable habitat within the boundaries.

. SITE BOPULATION COLONY # PLANTS DENSITY
BL.1 1 0.01
B1 - -

El.2 62 0.02
"Bl Average 63 ' 0.02

E2.1 10 001
BWM : BZ.2 16 0.01
B2 B2.3 63 0.01
B2.4 L 0.01
. Bz ! Q9 0.01

| 37 0.27
DSH Dt D1.2 g8 .| 023
D13 79 0.24

Kl ' Ki.i 116 1.00
K2 K2.1 30 0.94

inferences regarding such features as, e.g., achsal between-plant distances should be

attemptid from this information. .
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1.3 CAMPUS FACILITIES

Germination of aanually field-collected seeds and initial maintenance of the
resulting seedlings was conducted within climate-controlled growth chambers on the
University of Texas at Austin {UT} campus. More specific details conceming the
protocol used during germination trials are presented in Chapter 4 but, unless
| otherwise noted, conditions in the growth chambers were ‘maintained at 32°C, 90-
100% relative humidity daytime (ca. 13 hours), and 20°C, 90-100% relative humidity
nightfime (ca. 11 bours). Daytime artificial light intensity within growth chamibers
" was measured with 2 hand-held digital light meter (Bxtech Instruments Model

1.246348), and averaged ca. 200 + 10 X 10° Lux.

Seedlings were eventually transglanted from flais inito 2-inch pois and removed
‘into one room in a greenhouse complex on the UT carmpus, The temperature in the
greenhoise complex was maintained at approximately 22°C day long. Light intensity
and duration within the grecnhoﬁse room where the transplanted -seedlings were
stored was not closely contralled, and varied with the amount of available sunlight
and with the occasiona! and incensistent supplementation of antificial light from
adjoining rooms within the greenhouse mmﬁlex-.' Transplanted seedlings were '

thoroughly watered twice per week and fertilized monthly,
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Specimens of A. tobuschii are reportedly quite difficult io main:tain in
cultivation (B.L. Westiund, pers. comm., 1990). For this reason, the preenhouse
collection was periodically treated with fungicide (benomyl) and insecticides e.g.,
Baciitus thuringiensis, diazanon, malathion). Even with this care, however, mortality

among specimens in the greenhouse was quite high.
1.4 A NGTE ABOUT SAMPLE SIZES USED IN THIS STUDY

The sample sizes which were used for manipulative frials, such as hand
pollination, and during evaluative censusing, such as fruit collection, were necessarily
modest for several reasons., First, each of the study populations consisted of a small
to moderate number of individuals to begin with. Second, these poputations were
also being monitored to obtain annual demographic data, and it was felt necessary to
limit the impact to plants from manipulative trials. Finally, the general rare status
of this plant; and the need to lessen the impacts to the study populations. for reasons
of conservation, were also considered when deciding upon sample sizes for
manipulasive trials, For these reasons, the amount of fi_qwe_r-producing individuals

utilized for fiefd pollination trials each year was limited to no greater than 13% of

 the living monitored individuals, and the number of fruits collected was limited to

approximately 20% of the total flower production noted within each metapopulation
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at the last censusing date. While it could be argued that even the sample sizes
utilized in this investigation could ultimatei_}r be s;ariously detrimentzl to the study
populations, it was assumed that impacts caused by various i_iald lnals associated with
this study could probably be mitigated by the continued existenice and input from the

unmonitored plants and populations known {0 exist at each. site.
- 1.5 DATA MANAGEMENT AND STATISTICAL ANALYSIS

All data collected during.the course of ﬂﬁs field a:nr.i g:reeﬁhnusé investigation
were managed and analyzed using several commercial programs written for use on
IBM-PC compatible computers. Data management and basic statist:ics generation
were accomplished using the Q&A v.ersi.ﬂn 3.0 {Symantec, Inc,, 1988) database
program, Statistical anaiysis of data was peri;onned using SYSTAT version 5.0.3

(SYSTAT, Inc., 1990).
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CHAPTER 2.0 SPECIES RARITY, AND THE GOALS OF THIS STUDY
2.1 - INTRODUCTION

Before presenting the methodologies and results associated with the various
studies which were conducted during the course of this project, consideration of the
topic of “species rarity” and its relevance to this iﬁvesﬁgatiun is appropriate.
Through a brief review of relevant literature on the subject, several general concepts
associated with species rarity are first presented, including definitions of what
constifutes a rare species, an overview of various causes which have been proposed
to explain species marity, and ideas for appropriate ways (0 proceed  with
investigations of rare species. Using these general mncepts. as a guide, the nawre
of rarity specific to the Tobusch fishhook cactus {Ancistrocachiss tobuschii} is then
examined. Finally, based on the potential canses of rarify in this cactus, the goals
of the current investigation are presented, including brief mention of their potential

relevance to the future conservation of this species.
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32 SPECIES RARITY — GENERAL CONCEPTS

Issues related to endangered, threatened, and rare sﬁecies and their
conservation have received ﬁridespread attention during only the past several decades.
As summarized in a review by FiEt:ilﬁI (1986) however, the scientific community has
been considering the nature of species rasity for well over a century, having variously
focused on such concepts as species age and area; species rarity as related to general
frequenc}; of occurrence probabilities; the relationship between genetic variability and
species adaptability; and edaphic endemism, to explain the commonness or rarity of

species.

As with the historical investigations, more current treatments of the nature of

| species rarity (e.g., Hodgson, 1986; Berg et al., 1994) have also failed to yield
mn{plete,l;r;i adequate generalizations which explain the nanuire of species rarity across

broad taxonomic boundaries. In part, this ma:,r be due to inadeguate and

inappropriafely broad definitions ot descriptions of what constitutes a rare species.

Drury (1980) proposes that rare species are simply those whose individuals are

divided among somewhat reproduetively isofated subpopulations, Rabinowitz (1981),

building upon three criteria proposed by Drury (1980), provides an eight-celled

cateporical framework by which to delineate rare species from more common species
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based upon size of the geographic range, degree of habitat specificity, and typical
tocal population size. Based on their proposed criteria, both authors conclude that
a :minority of the world’s species are common and the majority of species are rare.
Drury (1980) does, at least, denofe the term “endangered” to encompass extreme

rasity.

In contrast to overly broad definitions of species rarity proposed m the
scientfic literature, criteria for governmental recognition as ware and in néd of
protection may be overly narrow {e.g., see Wilcove et al., 1993), and earlier
recognition and protection of certain rare species could allow for more efficient and
successful recovery efforts. In the United States, through August of 1994, the federal
government had lisied 338 rare plant taza as mdangerﬁd.am_:l 83 as threatened
(USFWS, 1994), while several Gmes this amount are currently classified as
candidates for listing (K. Kennedy, pers.comm., 199%). In Texas, 28 plax.izt taia are
currently federally listed a3 endangered or threaten.ed, while approximately 190 more
are candidates for. listing (J. Poole, pers.comm., 1995; K. Kennedy, pers. comi.,

1993).

~ The overwhelming majosity of investigations of the nature of species rarity

associated with particular species or narrow taxonomic groups have focused on only
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one or a few factors. Much attention has been focused on genefic investigations of
rarc species, and most seem to confirm the idea that rare species suffer from
relatively low genetic variability (e.g., see Dole and Sun, 1992; Kress et al., 1994;
Godt et al., 1995; but also see, e.g., Meagher et al., 1978). Many investigations fail
'to consider adequately whether pau:::ity of genetic variation is a cause, consequence,
ar bath of the condition of species rarity, however (Babt_:el and Selander, 1974).
mer investizations into the causes of rarity in varicus species. or local groups
" include thﬁsc which have focused on such features as plant breeding system (e.g.,
DeMavro, 1993), predators {e.g., Doanell, 1986), gme;al life history (e.g., Fiedler,
i987), and taxonomic issues (e.g., Powell et al., 1991; Standley, 1992). Most
: species occur in somewhat variable environments and may, therefore, be subject to
substantial periodic fluctuafions in their numbers in response to, e.g., disturbance or
competition. With this in mind, Harper (£981) points out the importance of

considering species rarity in time as well as in space.

In confrast to the relatively narrow focus of most investigations of species
rarity, Stebbins (1980) suggeé’u:d the use of a synthetic approach which stresses the
interaction of a unigue environment, population genefic structure, and evolutionary
history. Fiedler (1986) expanded upon Sigbbins’ synthetic approach, providing a

more extensive framework of specific features to consider when invesﬁgatiﬁg the
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nature of rarity in a particular taxon of interest. This list consists of nine major
categories of factors: species age, genetic health, evolutionary history, taxonomic
position, asséeiated ecological conditions, population biclogy, reproductive biology,
land use history, and human use. An approach such as this is superior to ather
methods. because it recognizes that rarify may be due to several ;nntrihutnry or
interacting factors. Broad scope investigations of rare species are time ang labor
intensive, however, and so are relatively uncommon in pr_actice (e.g., see Menges
(1990) for complete documentation on the detailed investigation of the Furbish’s

fousewort).

23 ACATEGORICAL APPROACH TO PRELIMINARY ASSESSMENT OF

RARITY IN THE TOBUSCH FISHHOOK CACTUS

While few formal studies of Arcistrocactus mbusch_fi have been performed
prior to this investigation, a substantial body of c;bservatinnal recurﬁs from private
and governmental entities spanning the ca. 4 years from the time of initial species
description does exist, Information contained within these records allows limited
speculation regarding some of the possible causes of rarity in this species and, based
upon this information, it appears that rarity in A, fobuschii may be due to combined

.pressure from severat facfors..
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Fiedler’s (1986) list of nine assessment factors provides a good template by
which to organize and assess the potential sources of rarity in a taxon, and also to
determine areas which require additional investigation. Following each of the nine
factors from this list, a preliminary assessment of rarity in the Tobusch fishhook

cactus is presented bélow,

L Age of Taxon

The age of this taxon, and of is congeneric species, is unknown, Uncertainty
related to taxonomic age is typical of the Cactacgae in-general, largely due fo a

nonexistent fossil record for this plant group (Benson, 1382),

.  Genotype of Taxon

Low genetic diversity could pliy a’contributory role in the rarity of the
Tobusch fishhook cactus although, as yet, this has not been investigated. Reporis
indicate that most of the known populations of A. tobuschii are widely separated and
consist of refatively few individuals (TPWD, 1984; J. Poole, pers.comm., 1995).
Small, relatively isolated populations are especially susceptible to genetic stochasticity

associated with the founder effect, genetic drift, or inbreeding (Shaffer, 1987). The
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resulting lack of genetic diversity could render populations unable i0 adapi over

generations fo changes in the environment.

There is some evidence that most known populations of the Tobusch fishhook
cactus are not entirely devoid of genetic variation, however. Although 4. tobuschii
is apparently self-incompatible with respect to pollination {(Zimmerman, unpub.
manuscript) high fruit-set has been observed within most known populations of this
plant, which indicates that at least some genetic variation exists within these
populations. Still, while high fruit-set in a normally outcrossing species has been
presented as evidence of genefic variability in previ_ﬂuls studies {e.g., see Meagher et
al., 1978), it does not provide quantification of the amount of variation which is
present. Electrophoretic studies are needed to assess the exteﬁt of genetic variability
for the Tobusch fishhook cactus, especially relative to differences in population size,
and to genetic variation in its more common congeners. Such studies were not

inciuded within the scope of this project, however.
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IH. Eﬁglgﬁnngﬂ History

Due to the lack of a fossil record, and of information from molecular
investigation within the genus, family and possibly related families, an assessment of

the possible ancestry of this taxon has not been attempted.
IV. Taxonomic Position

As discussed in Chapter 1, taxonemic mnfu;ion has plagued the Teobusch
fishhook cactus from the beginning, as this taxon was first described as *Mammillaria
(Ancistrocactus) tobuschii® (Marshall, 1952). Since that fime, there has been
additional confusion and disagreement as fo the taxonomic stafus of this plant.
Weniger (1970) lumps all species of the genus Ancistrocactis (as well as species from
several other genera) into the genus Echinocactus, and refers to the Tobusch fishhook
cactus as E. tobuschii. This nomenclatural combination is repertedly invalid,

however (TPWD, 1984; USFWS, 1937).

Mdre recently, Zimmerman (pérs. comm,, 1992) has stated that the Tobusch
fishhook cactus should be classified as only a variety of the closely-related species

Ancistrocactus brevihamatus (which Benson (1982) claims is merely the mature adult
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form of another closcly-related species, A. scheeri), because the only reliabie
difference between the congeners is flower color. To add ecological confusion {0 this
taxonomic problem, the geographic ringes of Ancistrocactus  tobuschii, A.
brevihamatus, and A. scheeri overlap somewhat in Kinney and Val Verde Counfics
and, within the few known sympatric populations; possible evidence of natural

hybridization kas been observed {I. Poole, pers. comm., 1985},

Taxonomic guestons continue to exist for the Tobusch fishhook cactus and,
based of fae current level of information concerning the relationship of this taxon anc
its congeners, rightfully so. Additional investigations into this matter, perhaps using
rholecular techiniques to determine the degree of relatedness of these taxa, seemn VEry

appropriate.

Habitat

Most of the earliest-discovered populations -of this species occurred on
gravelly- soils in flood-prone areas associated with rivers and streams (USFW3,

1987), but this type of habitat is now considered to be much less typical for this
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species. Presently, the great majority of known Tobusch. fishhook cacius populations
grow in full sun 0 moderite shade on rocky hiiltops.ur mesa-tops in shallow,
limestone-derived soils (J.Pocle, pers. comm., 1995). The vegetational community
type with which 4. fobuschii populations are typically associated is the Ashe Juniper
—- Live Ozk Woodland, althuughlplanm are usually found in the relatively clear,

grass and herb dominated openings between wooded areas.

ﬁﬂs type of situation is eatremély common on the Edwards Plateau, and there
isa large amourit of superficiaily similar but unculﬂmfzad habitat within the known
range of this cactus. A detailed comparative habitat analysis should be conducted to
investigate whether subtle differences exist befween ooccupied and similar unoccupied

sites.
FEdaphic Factors

The Tobusch fishhook cactus typically grows on shallow, often rocky
limestone-deived upland soils, or on gravelly limestone alluvium along floodplains
associated with streams and rivers (USFWS, 1987). While soils at all population
sites appear superficiaily similar to other limestone~derived soils found in comparable

situations throughout most of the southern half of the Edwards Plateau, no detailed
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_edaphic analyses have |yet been performed at A. tobuschii population sites {o

determine if these soils somehow differ from soils at other apparently suitable habitat

where no Tobusch fishhook cac occur.

Svinbiosés

There are several reporis that A, fobuschii grows in ¢lose association with
clumps of short bunchgrasses ‘(Marshall, 1952; TPWD, 198%; but see USFWS,
19792). Other- species of cactus have been shown 1 require nuese plants for
protection of developing seedlings and juveniles.(e.g., McAuliffe, 1984; Franco and
Nobel, 198%; and Valiente-Banuet and Ezcursa, 1991), and Poote (TPWD, 1989) has
snggested that bunchgrasses may function in suck a capacity for @eveluping Tobusch
fishhook cactus seedlings. Due to the superficial simifarity in appearance between
some bunchgrasses and more mature A. robuschii, it has also been suggested that the
cacius may effectively be a grass mimic (TPWD, .1984}. Further investigation of
these. possible relationsaips is necessary, as forces which negatively impact the
bunchgrass populations {e.g., overgrazing) could also be coniributing (o rarity of the

Tobusch fiskhook éactus.
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Predation

In adciiﬁup to the potentiai threats to this species from trampling or ingestion
‘ by domesticated iivcstock or their féral counterparts, several nafive faunal
mﬁsiituents which are known to uu]me A, tobuschii habitat may also play an at least
occasional predatory role ﬁn ﬂﬁ.v....pl.ant. Native herhivurés_ which are fairly sommon
within the known range .uf this cactus include - jackeabbits, cottontail rabbits,
purcupinés, and javelinas, There have aisc been reports (TPWD, 1984; A.
Zimmenman, pers. comm., 1992) that the larvae of Gerstaeckaria sp., a cactus
specialist weevil, and Yosemifia sp., a nocturnal Pytalid moth, feed and develop to
adulthood within the stems Iof A, tobuschii .plants, and thﬁt this eventuzlly results in
the death of the host plant. Zimmerman {pers. comm., 1992) believes that, from a
predator-prey standpoint, sparse populations of A. fobuschii are the most secure kind,
because diffuse spacing may limit the percentage of the population which the

predatory insects impact at aﬁy one tiime. Although the extent to which
lierhivuresfpredatora limit this cactus is not yet known, factors which favor the
gmwﬂl in :numbe:rs of A. tobuschii piedatufs, such as {e.g.) suppression of their

natural predators, could in fumn eventually negatively impact the cactis.
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Competition

The Tobusch fishhook cactus ocouzs in several habitat types (i.e., gravelly
areas within the floodplain of watercourses; and upland hilltops and mesa tops), each
of which is naturally. ._subject to occasional disturbance. It has been suggested
(USFWS, 1987; A. Zimmerman, pers. comm., 1992) that this plant may fnction as
a successional species, i.¢., that this cactus may colonize ondy appropriately disturbed
habitat, or persist in habitat which is maints;iﬁad through periodic disturbance. If this
is indeed the case, reasons for decline of A. tobuschii populations in areas deficient
of periodic disturbance could be due at least in part to increased competition from

species charactesistic of later seral stages.

VI, . Population Biology

Prior to this investigation, no detailed, mr;iparaﬁvé, repeated mu.nituring of
populations of Tobusch fishhook cactus had been conducted, so information related
to life history and demt-:mgraphic characteristics mnccnﬁng plant growth rate;
repmductwe rate; murtahty, pupulauon size, structure, and changns in size and
structure; and factors which could affect these features, is sketchy at best. Based on

observations of several natural populations, there has been spaculanun (TPWD, 1984)
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that A. tobuschii may seach reproductive maturity as early as 3 years from the time
of germination, and that most plants die within 1¢ years following the onset of
reproduction. If corseet, this short life span (relative to most other cacti) could
substantially cuntribﬁte fo rasity in this species if, e.g., successful. reproduction
occurs only during an occasional ﬁr rare year when certain optimum conditions for
seedling establishment exist, such as seen’in other cacti (e.g., Steenbergh and Lowe,

19717).

Several cactus specialist insects — a weevil {Gersraeckaria sp.) and a moth
(Yosemitia sp.) — have been observed to contribute to mortality in this cactus (A.
Zimmerman, pers. comm., 1992), although the extent of insect-related mortality
remains uninvestigated. ‘Tt appears that there may be preat differences in reproductive
sucoeés (i.e., seedﬂng establiskment) ‘both between populations, and/or during
.I different years or groups of years within populations. Various reperts have described
phﬁulaﬁﬂns in which all sizes of cactus were observed, including seedlings (Marshall,
1952 TPWD, 1984), and populations within which no seedlings were observed
during a period of many years (USFWS, 1979b). Potential causes of the reported

differences in reproduction between populations have yet to be explored, however.,
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VI. Reproductive Biology

Typical of the majority of the cactus family (see Ross, 1981), the Tobusch
fishhook cactus is reported to be an obligate outcrosser {Zimmerman, 1981). The
principal pollinators in at least some populations may be smali, solitary halictid bees
and honey bees (Apis mellifera) (Zimmerman, 1981; Lockwood, in press), although
the relative success ai pollination for these organisms bas not yet been dirzcily

assessed.

The seed ecology of this species remains largely unexplored. Seeds of this
species are reportedly of high germinability {Marshall, 1952), and seedlings have
been observed in some populations of Tobusch fishhook cactus (TPWD, 1984), but
more specific information concerning seed production, seed gemﬁnability,. sead
dispersal, and seed germination in habitat is lacking. The presence of a soil seed
reserve has been reportad for other cactus species .(r:h g., Emimett, 1983), but has not
yel: been studied for this species.. Poor repreduction could be contributing to the

ratity of this species, so each of these features requires investigation.
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" VII. Land Use History

Humans have had a large impact on the character of the Edwards Plateau
region during the past century and 2 half, and this alteration of habitat may be viewed
on two scales. On a sma]lér, :ﬁurc localized scale, the direct modification of
occupied or potentaal cactus habitat sites for cnn_sﬁ“ucﬁur_; of ‘humail hahiﬁticms ar

| associated structures; damming or channelization of stfeams and rivers; and,
especia]l;, cleaﬁng of land for rangéland andfor feeding and trampling by
domesticated prazing or rooting animals and their feral counterparts (e.g., cattle,
goats, sheep, and hogs), have all been reporfed as real or potential threats to this

cactus (Marshall, 1952; USFWS, 1979; 1987; 198§; TPWD, 1984).

On a larger scale, there is evidence that man has significantly altered the
vegetational character of much of the Edwards Plateau during the past century and
a half (Doughty, 1983). Ma.ny areas which were once reportedly dominated by
grassland or savanna are now dominated by live cak and juniper woodland; it has
been pxuﬁused that this change has resulted largely due to the combined effects of the
higher grazing pressure associated with the widespread introduction of livestock, and
w.;1ﬂ1 the suppression of natural fires {Amos and Gehlbach, 1988). Such changes may

have substantially decreased the amount of suitable habitzt available to A. tobischii
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although, because there are no historicat records of the distribution or frequency of
occurrence of this species prior to the mid-twentieth century, this idea Te(nains as

speculation.

The Tobusch fishhook cactus is typically found in areas cuzrently andfor
nistorically subject to periodic disturbance @i.e., floods — floodplain greas; fires —
.. upland areas) (TPWD, 1684; USFWS, 1987). While no formal investigations of the
_.relaﬁnnship between disturbance and me_Tﬂbusgh ﬁslhiilouk cacms have yet been
compieted, studies of the effects of juniper (Juniperus spp.) clearing, livestock
grazing, and controlled burning on A. rebuschii are gither in the pl;npusal phase or

have been recently begun.

A recent disturbance event at the population site at Devil’s Sinkhole State
Natugal Area (DSH}, Edwards County, may Serve as an example (ﬁbeit uncontrolled)
of the effects of disturbance on this cactus. DSH .is the largest known A. tobuschii
popuiation,. having recently contained over 400 individuals within an ca. 2000 m?
. area (pers. obs., 1992). Duringa widespread wildfire at this site in April, 1988, the
entire area within which Tobusch fishhook cacti now occar in relatively high numbers
is reported to have burned (TPWD, 1988; K. Bryan, pers.comm., 1990). While fire

has been reported to be generaily detrimental to living cacti (Bunting et al., 1930;

42




Steenbergh and Lowe, 1983), a substantial number of moderaicly-sized Tobusch
fishhook cacti were observed within heavy ash at lhe site within several months of
the fire (".";'esﬂund, pemcm:nm., 1990). Unfortunately, an. in-depth survey had not
been conducted prior to occurrence of the fire, so the pre-fire extent of the A.
fobuschii population at this site is.unknuwn. During censuses associated with the
current investigation in the early 1990’s, many of the pignts which were observed

were of a size which indicates that their existence probably predated the above fire.

I oocasional disturbance is indeed required by A, tobuschii to maintain andfor
allow the establishment of populations, human-caused suppression of natural
disturbance factors such as fires and floods may be limiting the arnount of suitable

hahitat available for A. febuschii colonization and persistence.

IX. Recent Humdn Uses

The U.S. Eﬁdangered Species Act does not restrict the collection of listed
plaﬁts on private land or the interstate commerce in these plants, although the State
of Texas doss .;.;lt least require that written permission from the private property owner
bt;- pbtained prior to Euliecﬁ;c-n, and that identification tags be attached to plants which

are offered for sale (USFWS, 1987). The large-scale decimation of entire
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populations by certain commercial plant collectors io supply the domestic and foreign
cactus trade has been identified as a problem for many cactus species (TPWD, 1991).
Many cactus enthusiasts are especially eager to add rare species to their collections,
and are willing to pay handsomely for these specimens, so ovgr-cnﬂacﬁun”.by cactus
dealers to supply this market has become an even more seripus problem for rase
species such a3 the Tobusch fishhook cactus (USFWS, 1987). Ft:;r this reason,
. governmentzl agencies are usually protective of locality infnrmatign for rare species,
although recent publication of several sites of occurience for the Tobusch fishhook

cactus (Weisman, 1995} indicates that this is not afways the case.
2.4 GOALS OF THIS STUDY

Many factors were identified in the: previous section which are potentially
contributory to the rarity of this taxon. This preliminary analysis also shows that
very little is yet known about the Tobusch fishhook cactus, but it would take many
years to fiil in all or most of these gaps in knowledge about the: species. Because the
unfortunately precaﬂnus status of many rare species such as this cactus call fnr near
immediate pre.servatmnal action, however, it has become necf:ssary tu place emphasis
on the identification and investigation of cerizin key features which are most critical

to the development of a potential conservation strategy.
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informatinn relzting to the demographic status of populations, and of the
relationship of the species with its environmerit is almost always crucial to the
development and implementation of successful species protection and management
strategies." (Primack, .1993). Following the categorical guideline presented in the
previcus section, an investigation l.;:f the Tobusch fishhook cactus should, therefore,
-focns on features mcluaed within the categnﬁes eqdlog}r, population biology, and
reproductive biology, although consideration to features within other caiegaries would
also Ee aiaprépriate.' With this in mind, and with the concurrence of the relevant
govemnmental apency spuns'i:ﬁs (1. Poole, pers.comm., 1990), the decision was made
to "désign this study to include: a fuu'r—yéa: ﬁemﬁgraphic monitoring program of
several different populations of this cactus; an investigation of the reproductive
biclogy of this taxon; and a comparative analysis of several aspects of the habitat and
potential habitat with which this species is most commonly associated. The habitat
analysis investigation is still in progress, and is not included in the scope of this

dissertation.

More specifically, the general life history, population structure, changes in
indiviguai plant size over time (used here as an approximation of plant growth rates),
mortality rates, canses of mortality, reproductive effort and suceess, breeding system,

potentiat pollinators, seed germinability, seed dispersal, seed germination in habitat,
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and the soil seed reserve were studied during a four-year field investigation using

three geographically separated natural metapopulations of this cactus.

The above investigations can be useful in identifying at least short-term trends
within populations, as well as apparent causes for observed changes. Information
gathered from.these investigations can be used to perform predictive anal},.FscS on the
fugure. persis__tanoe of populations. ﬁﬁﬁately, the results ;Jf this and associated
studies should allow development of a management plan to protect and allu;'.r TECOVETY
of this spet:les If successiul, va.rinus. meﬁodnlugies used in this invesﬁgaﬁm; may

also be used as a blueprint for the study and recovery efforis of other rare {axa.
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CHAPTER 3.0 FIELD POLLINATION STUDIES OF THE
TORUSCH FISHEOOK CACTUS (ANCISTROCACTUS TOBUSCHII

W.T, Masstall ex Backeberg) IN WEST CENTRAL TEXAS
3.1 ABSTRACT

Several aspects associated with the pollination biology of the Tobusch fishhook
cactus {Ancistrocactus tobuschii W.T. Marshall ex Backeberg) were investigated ai
two natural population sites. The breeding system, potential pollinators, and effects
of pollen donor proximity on reproduction were all investigated. The mean percent
fruit set, number of seeds per ireated flower, and percent seed germination were all
much lower for hand self-pollinated flowers (5.0%; 1.1 sceds; 6.3%) than for hand
cross-pollinated flowers (98.0%; 38.9 seeds; 22.7%), indicating that this species is
seli-incompatible with tespect to pollination. Several species of halictid bees were
the most commonly observed insect visitors at both sites during the four year ficld
investigation, although a limited investigation into their effectiveness as pollinators
indicates that they may effect little poilination per floral visit. A test of the relative
effects of artificial pollination using "nreighbor” pollen (i.e., from within the same
colony) versus "distant” pollen (i.e., from another colony in the same population) on

preemergent reproductive success at one poputation site showed that no significant
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differences exist between the two test groups with respect to fruit set, seed set and
seed germinability, indicating that pollen transfer between closely proximal
individuals (which have a higher probability of being closely related) may ‘not be

limiting reproductive success in this population.
32 INTRODUCTION

Tﬁe Tobusch Fishhook Cactus (dncisirocactus tobuschii-W.T. Marshall ex
Backeberg) is a smalt, tuberculate member of the Cactaceae which is endernic to the
south centrzl and western portions of the Edward’s Plateau region of Texas. Several
natura]lf occumng populations of A. fobuschii at two locales — the Buck Wildiife
Management Area (BWM), Kimble County, Tx.; and the Devil's Sinkhole State
B Natural hrea (DSH}, Edwards County, Tx. — were utilized to conduct an

investigation of several facets of the pollination biology of this taxon.

An understanding of the reproductive biolopy of a rare plant species is crucial
to development of a potential management or recovery strategy. With the increasad
interest and urgency to preserve and protect endangered species during the past
several decades, pul]iﬁaﬁon studies of rare species have become more common (.2,

| Macior, 19‘?8; Dieringer, 1991), and have elucidated contributory pressures on rare
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species associated with such features as the breeding system (e.g., DeMauro, 1993)
and insufficient polfinator populations (Suzan et al., 1994). Prior to this study,
several investigations of the reproductive biology of the Tobusch fishhook cactus had
been conducted. In zn admittedly informal investigation of the floral and poilination
piology of A. robuschii in which sample sizes were small, Zimmerman (unpub.
manuscript) indicates ¢hat this species appears to be self-incompatible with respect to
pollination; that cross-pollination likely occurs entirely by insect vectors; and thﬁt the
physical characteristics of the flowers probably leads i near exclusive pollination of
this species by small bees. Lockwood (1995) has recently collected and identified
several species of bees (as well as three other types of insects) from A. rabuschii
flowers over the course of three years at Kickapoo Cavemns State Natural Area
(KPC), Kinney and Edwards Cﬂqnties, Tx., am_:_! TEPOILS thaI hnnajrbées_ {Apis
meltifera) and a solitary halictid .bee (Dialictus comulus) were thf: most commen
floral visitors at that site.. Although the relative effectiveness at pollination of these
inseets was not directly assessed, Lockwood (1995} has proposed that lsummsﬁll

pollination of each flower may occur with few pqﬂ_ina_mr visits.

To fest the previous determination that 4. tobuschii is self-incompatible with
respect to pollination (Zimmerman, unpub. manuscript), hand pollination trials were

performed on plants growing in saturaily-oecurring populations at the BWM and
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DSH sites, usmg sumcwhat: larger sample sizes than were used in the above-cited
mvesngauon To pather additional information regarding the potential pollinators of
this specms, insect ws:turs to ﬂnwers of A. tebuschii were observed and voucher
specimens of each type were collected for identification at BWM and DSH during

each of the four field seasons encompassed by this investigation.

Previous reports (TPWD, 1984, Marshaﬂ:, 1952; Zimmerman, unpub,
manuscriﬁt) and preliminary observations associated with this study indicate that a
substantial amount of pallen and seed dispersal may-pécur over a relatively small
" distance for A. tobuschii. Bees, which appear to be the most common floral visitors
{0 A. tobuschii, typically optimize foraging by limiting inferflight distances between
B potential food sources (see Levin, 1981). Seed dispersal in this cactus appears to be
largely affected by gravity, tainwater, and ants (TPWD, 1984; Chapter 4, this
disseriation). The ocenmrence of these two factors increases the likelihood that a
large amount of pollen transfer coutd occur between closely refated individuals,
pﬂssibijf. leading to a high frequency of mbrwmng within populations of this taxon,

especially in relatively densely—spawd. groups such as the several study colonies at
| DSH. ﬁhmdhg depressiﬁn {due, e.g., to increased incidence of homozygosity of
deleterious recessive alteles) is a pote.ntlal consequence of self-mafing or maﬁng

between clﬂse.iy relabad organisms, resulting in reduced fitness in offspring {e g.,
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Darwin, 1900; Schoen, 1983; Levin, 1984; DeMauro, 1993; hut see Billington,
. 1991). Inbreeding may effect 2 decreaée in preemergent reproduc:uve suceess, ie.,
a decrease in fruit set, seed set and germination percentage (W1ens et al., 1987,
Levin, 1989)_, especially in outcrossing species {e.g£., M&ngn:s, 1991, Heschel and

Paige, 1993).

During the _ﬁﬁrst year of this study (1991), substantial differences in fruit set,
eeed set, and seed g__ermjnability were noted between BWM and DSH (See Chapters
4 and 3). In the much more densely-populated DSH metaﬁopulaﬁbn, seed
germinabiiity was significanily lower ihan that at BWM in 1991 (pmmd ttest,
~ P<0.001), and fruit set and seed set were also noticeably lower at DSH in 1991,
although these mffemnces wetre not statistically significant. Mean fruit set swd set,
and seed germinability were more simitar between BWM and DSH in 1 1992 and 1993,

however,

Hand-poltination trials were conducted in 1994 to determine if tlie. lower
repmdy;tive-uutput noted at DSH in 1991 could have beeﬁ associated with the much
higher plant dmsify at this site relative to BWM, i.e., that a higher percentage of
pollen would be transfmed bﬂt‘-‘fﬁl’.‘;l‘l densely grouped plants, which would have a

higher degree of relatedness due to limited-distance seed dlspersal The fest was
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" designed fto compare fruit set, seed set, and seed germinabiliey resulting from
pollination using pollen from within the same colony (neighbor) versus pollen

collected from 2 spatially disjunct colony (distant) at the same metapopulation site.
3.3 MATERIALS AND METHODS
Overview of Floral Biology and Phenology -

The period of anthesis for this cactus typically occurs between eatly to mid
February through mid to late March of each year, with the peak blooming period
usually occurring in late February through eaﬂy March. Flowers of this species are
hermaphroditic, contain numerous stamens which produce copious amounts of pollen,
but produce little or no nectar (Zimmerman, unpub. manuscript). Protandry has been
observed for Tobusch fishhook cactus flowers (TPWD, 1984; pers, observ.), but this
may not constitute érue temporal divecism (see Cruden and Hermann-Parker, 1977)
such as has been reported for a species of hedgehog cactus (Echinocereus
fasciculatus) (Grant and Grant, 1979a) because hand pollination of flowers prior to

“stigma lobe unfolding still results in apparently normial fruit and seed set
{Zimfnaﬁnan, dnpub. manuscript; pers. observation), Stamens. usually exhibit a

thigmotropic response (pers. observ.), which is typical in the Cactacese. All flower
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parts of this taxon are yellow in color, except for the outermost tepals and the stigma

lobes, which are pale and bright green, respectively.

Tobusch fishhook cactus flowers are diurnai and, because flowers have been
shown to be a major source of water loss for other species of xerophytic. cacti
(Nobel, 1977), this is interpreted to be a water conservation sirategy- Flowcrs of this
species open only during periods when sufficient sunlight and warmth are available
(which also usually coincides with periods conducive to pollinator activity), and
remain closed in the absence of these conditions. W:i,thout adequate pollination,
individual flowers may reoper daily (given the proper environmental conditions) for

up to a week (USFWS, 1987; TPWD, 1984; pers. observ.).
Breeding System -

. 'The compatibility status of 4. fobuschii was investigated by companng the
efiects of self versus cross poilination on fruit set, seed set, and seed germinability,
To perform this investigation, it was necessary o prevent access to flowers on subject
plants by putential_l pollinating insects. Exclusion devices were daa:gnad fo_ caver
entire plantS, rather than just individual flowers. These were made from places of

standard metal mesh window screening which was formed into the shape of a cone;
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this was then covered with a cone-shaped piece of shear window drapery fabric, to
insure that access was prevented from even very sm?;]l potential pollinators. “Cones"
were plicad over individual plants and held in place by several aluminum nails
pushed into the ground around the basal edges. A preliminary test of the cones in
: .Spring, 1991, indicategd that this deéign allowed for adequate light penetration and air

flow, while effectively preventing flying insects from reaching flowers.

In mid-February, 1992, nincteen bud-forming plants at BWM and thirty bud-
forming 'ﬁlaﬂts at DSH were fitted with the above~described cones just prior to
 anthesis. Plants were chosen for this study from a stratified random sample of planis
| wﬁii:h were of sufficient flower-producing size (i.e., 2.0 cm plant diameter or
gi-éaier), based uponl 1991 stem diameter census datd, When primary plants were
" found not to be producing flower buds that season, substitute plants were chosen for

this ¢rial from a back-up list.

Plants were then assigned to one of two groups — hand self-pollination and
hand cross-pollination — with both groups consisting of an' approximately egual
pumber of plants and an equivalent distribution of plant diameter. Manipulations

were carried out on each test plant when a flower was observed fo be open during

one of four field visits made on four consecutive weekends in late February through
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early March, 1992, If more than one flower was open, manipulations were
performed on each open flower. In order to maintain the independence of samples,
the resulting fruit set, seed set and germinability from plants on which more than one
flower was treated wese averaged and reported as one sample. Manipulations were
performed on each flower using a two inch stegl hardware nail to brush pollen from
its own anthers (self), or from the anthers of four to six other plants also in anthesis
within the mefapopulation (cross) onto the stigma. Nails were disposed of after
completion of one. stigmatal pollination to avoid possible pollen contamipation of
- subseguent flowers. Nails were used for the manipulﬁ_ﬁms because they were readily
available in sufficient quantities and, especially, because 4. tobuschii poilen readily
adhered to and was easily visible on the surface of the nail, but was easily brushed
off onto the stigmatic surface with gentle contact. Fuﬂu“{ing the pollination

treatment, several tepals of each manipulated flower were marked on the outer

surface with a blue (self) or green (cross) paint pen, to allow Iater distinction of

hand-manipulated flowers (and resultant fruits) from others on the same plant. Cones
were immediately replaced over each. plant following treatment, and were
permanently removed afier one io two weeks, when manipulated flowers had

obviously senesced.




All frmts wiuch result\.d from hand po]hnauun wete collécted tpon matiration
in late Apnl or aarly May, as was one fruif each from a subset of the ratiratly-
? po]]matad piants ﬂlmughnut the metapopulatmn site. Friiits were each plac&d into
mdmdual labeled envelﬂpf:s and lranspurted to the Iahnratury ini Austin for- fiirther

P

pl’ﬂCESSlﬂg

In the laboratory, fruits were carefully split. upeﬁ and allowed to air-dry at
room terﬁpemtme for a period of one to two months. Seeds were then removed from
each dﬁed fnnt and were cuuntéd ' treated with a cum}:lercia.l fungicide (Fertilome
with hennmyl) and dry- stnred in individial Tabeled, capped bottles in Tefrigeration

(ca B"C) unul perfunnance of the gemunabmty Assessment.

Germinability of seeds from each fruit ‘was assessed by sowing and
| mam£a1mng the seeds in controlled conditions within a growth chamber, and
o ﬁnllitﬂ;'ing and recording the p&éﬂntage germination. The germination trial was
begun in July, 1992, and was concluded in April, 1993, which ‘was approximately
ﬂne.mnnth after the last noted germinati'nn of a sead. Seeds were removed from
refngﬁramm and sown into 7 2:2:1 nnxture of commercial potting soil: sharp
sand: perlite in cmnpartmentahmd s&edhng ﬂats one seed’ per compartment. Twenty

speds from each fruit were utilized for this test except when a fruit yielded less than
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_ _swds from each frait.. . .

twenty seeds,, in which case atl of the sceds from that fruif were used, Flats were
kept covered with clear plastic lids in the climate-controlled growth chamber at 30°C,

1{}(}% relative humidity da}rﬁme {13 hrs J, and 21°C, 100% relative hll]'l'iidil')’

- .nighttime {11 hrs,). Trays were l;hemughly watered ca. every 2-3 days, and were

monitored weekly for germination during the first two menths ef the tnaI then

monthly thereafter. Germinability was determined as the percentage germination of

- The mean, range, and standard error of ehe mean weredete:mmed fe;fruit
set, seed. set, and seed gennmabmty among selfed and euteressed greups usmg
SYSTAT version 5.0.3 (SYSThT Inc., 1990).. Summar)r statlstlcs fer the above
characters resulting from naturalty-pellinated {i.e., unbagger_:l and not haad-
ma_ﬂipulated) flowers thmugheut_each_ metapopula!inn site were also generated and
are presented for eumpans.un but, because the geal of t]us mvestlganen was to

examine, self- versus eress-pel]maunn and not to eempare the sueeess ef ham:l VErsus

natural pemnauen, the netural pnllmahun Cﬂt&gﬂrjr does not represent a true

experimental euntrel in this mstanee Beeauee very few nenzere values were

nbtamed for frw.t set.and seed set resultmg fmm the “self" u‘eatment at both sites,

and because the asseeiated seed . germ.matwn ve.lues wers nenexlstent (i.e.




germmahlhty assessment of zefo seeds is meamngless}, addmnnal statistical

| compa.nson nf these data is n-:-t appmpnate

7 Pﬂl..lu.i.[ﬁ]lﬁﬁﬂ:ﬁ. -

In order tu gat.hpr mfnnnauan ahunt the putenual puﬂlnaturs of A. tobuschii,
kall insect wsaturs which were uhserved on flowers at BWM and DSH during 1991
thrﬂugh 1994 Wwere remrded The abundance of the different ﬂﬂWEI-‘-"lSitlﬂg insects
.'uf this r.:actus was nut known {potenual pﬂl]manng msects weére never observed in
" _large. numhf:.rs durmg the fm:r field years uf this ;veaugauunj, so voucher specimens
”were ﬂl‘ll}" penadma]l:,r collected Df each nctmeahly different type, to minimize
.. pnsmble negauve 1mpacts tu insect pﬂpulahuns In an mdependent mvssngatmn,
Inckwmd (1995} was Eﬂl‘lﬂuﬂﬁﬂﬂ}' monitoring insect visitation on Tc-husch fishhook

cacti at Kmkapuo Caverns State Natuzal Area, Klﬂne}" County and Edwa.rds County,

Tx,

In gf:naral pu]lmator achvlty was noted cml)r on days whan conditions were
sunn},r 10 partl}r cloudy, with tempcramres of at 1east lfj"C and w1th calm to gentle
wmd cundmuns The errat:c and unpmdmtable natare of the weather during the

-3\

typlml flowering penod fcr ﬂns SpEGIES (Ff:.l:ul'uar}r March} somewhat linited the
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numher of field "FiSlt cia:.rs on whlch cnn-:imuns were actually condumve to floral
opening and insect activity. Still, ax lmt some insect acuwt_v was nbservad dunng
each year, and at least one voucher spat:lmm was cullect&d of each nntmeahly
different type of insect that was observed visiting Tobusch fishhook cactus flowers
during the four year field study. Insects were collected into a ﬁet as ﬁey left the
flower and were then placed into a kill jar charged with ethyl aceiate. Specimens

were returned to the laboratory in Austin where they were pinned and labeled.

£ oL

Burmg the 1993 and 1994 field seasons, randcmly chosea bud- fomung plants
were covered with exclusmn cones in preparanun for 1113]5 demgned to mmpare the
relative pol]anatmn effectiveness of various types of natural insect visitors to A
rabuschri ﬂnwers The test was designed to compare fruit sei swd se,z, and seed
 germinability reaulnng from flqwcrs receiving a single visit from one of the vancrus
putenhal po]lmatmg insects. Cones wc:rc tobe removed and the. open ﬂnwer watchad
until visitation by an insect. Insects were 10 be collected fu]lumng ﬂural vls;tannn,
and cones replaced to insure against additional vicitation to tie msect—mampul&tad
flower. Unformnately, weather mndluons provﬂd too cloud]r, cold, and/or windy to
facilitate floral upe:mng, insect actmty, or huth dunng most field wsu days
dmg:nated for pe:rfnnnance nf this task. Fau' weather nunthuons did allow

_ ._perfurma:wc of the msact wmtauun pmwdure on ten pIants at DSH dunng one
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aflernoon in early March, 1993, but none of the ten visited flowers produced a
1:na_ture fruit. Insects which. were observed durh;g this ial were collected and
prepared as ahove, then pooled with other voucher specimens. Specimens were
distributed to several entomological experts for ideritification.

Relative Reproductive Success Using Near Versus Far Donor Pollen

This investigation was performed to defermine 1f the proximity of pollen
donors to the recipient plant within a poputation has an effect on reproductive fitness.
S;;::aciﬁca]ly, fruit set, seed set, and seed germinability were compared: between
flowers which were hand-poliinated usmg donor pollen fmm within t_he same dense
colony (i.e., "neighbor” pollen) and flowers which received pollen from plants within
anuther colony within the sﬁme pepulation (i.e., "distant” pollen). To a@mpﬁm
ﬂIiS'.,. pul]iﬁatﬂr exclusion cones were placed {as for “Breeding S}rstem' aZbhave) on
fifteen randomly chosen hud-fomiﬁg _planﬁ within each of two spatially distinct
wolonies i.e., thirty plants total) at DSH in February, 1994, The distancc. between
the fwo colonies, from here on referred to as "East” and "West", is ca. 700 m. {see

Figure 3.1}.



] T I —_—
Figure 3.1. Approximate location and boundaries of the "east” and "west” colonies
at DSH. The intermediate coleny site is also shown.
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. Complete reproducﬁﬁe' isolation probably does not exist between ihe. bwo
colonies. 'dne substantial ¢olony ‘is known fo ner;ur oetween the East and West
' colonies, ca. 250 m. west of the East colony; severat scattered individual plasts are
also 'kn-::iwn.m ﬁ-::cur between the two study colonies. - The modest distance between
the iwo colonies coupled with tﬁe occurrence of the intermediate colony and
' individuals bsﬁuaen the two study colonies probably ensures that at least occasional
gene e#cli.mge oceurs between the East ‘and West colonies. Siill; considering the
typically ;:lpﬁmal foraging ‘behavior of bees (the most. commonly observed floral
visitor}, the apparently limited typicat dispersal distance of Tobusch fishhook cactus
seeds (soe Cha;jﬂter 4); and the existence of several. topographic and vegetational
ohstructions between the two colonies, the majority of gene exchange probably takes

place within each colony.

In éarly ‘March, 1994, one flower on each of approximately one-hatf of the
test plants at both colcnies were hand-potlinated (using hardware nails as described
" in "Breeding Systcm” above) with "neighbor” pollen from three nearby plants with
open flowers, while a flower on each of the reinaining test plants at each colony were
hand-pollinated with "distant” pollen gathered from three plants at the other study
colony. In order to distinguish maniputated flowers (and resultant fruits) from

hc;nmmﬁpulated flowers on each plant, several tepals on near-poliinated flowers were

67



spot-painted orange, while those on far-pollinated flowers were spot-painted blue.
Cones were immediately replaced over each plant following treatment to prevent
possible addifional pollination by insects. Cones were removed after one to two
weeks, when manipulated flowers had obviously senesced. In April or May, 1994,
mature fruits resulting from manipulations, as well as a subset of the naturally-
produced fruits at DSH, were collected into individual labeled envelopes and
transported to the Iaboratory in Austin for processing and eventual greenhouse seed

germinability testing, as described in "Breeding System” above.

Statistical analyses were performed to compare the test groups wi_m respect
16 mean fruit sei, seed set, and germinability. Each of these features were _cnmpamd
using a Kruskal-Wallis test, The mean and standard error 'I'.:.lf the mean o_f the data
from naturally-produced A, tobuschii fruits from throughout the DSH site (i.e., all
coloniss at this site) are included for comperison. It was not the goal of this
investigation to compare the relative- success of the hand manipulz_ttinns to patural |
pollination, however, so the latter does not-constitute a true experimental control for

this tial, and these data were not included in statistical analyses.

A nunpataxneh‘ic test was used for analysis of the two test groups because

neither fthe data nor residuals for each. of the dependent variables were normally
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distributed, even after employment of each of several types of data transformation
(i.f:., log, arcsine, and squate root) (Sokal-and Ru-h.lf, 1981). Differences between
the. two study sites for the "within test group™ data for each character were not
statistically significant, so data for the two sites were pooled for analysis to

compensate for smali sample sizes.

3.4 RESULTS
Breeding System

Not all of the test plants chosen for this investigation were able to be uiilized,
because flowers on several plants were not open during field visit days, and because
"sones” were found pulled off of some plants before treated flowers had fully
senesceid (leaving open the possibility that flowets received addjtional "natural”
pollination). Such planis were removed from this study. Hand seif-pollination was
successfully accomplished on nine plants at BWM and thirteen plants at DSH, while
hand cross-pollination was followed through to coiripletion for nine plants at BWM

and fourteen plants at DSH.



i g
Results of the breeding system trials were similar at both sites, and appaargtﬂ

. confirm an eatlier Teport of pollen self-incompatibility for the Tobusch fishhook
cactus (Zimmerman, unpub, manuscript). Fruit set, seed set, and seed germinability
are clearly much lower for the hand self-pollination group than for the hand cross-
pollination group (Figures 3.2, 3.3, and 3.4). Only ca. 5.0% of hand self-pollinated
flowers resulted in formation of fruits and seeds, while almost 98% of the hand
cross-pollination at both sites resulted in formation of fruits and seeds. Hand crossiti &
pollinated flowers at both sites aiso resulted in more seeds per treatment (1.1 — seif;
38.9 — cross) and higher germinability of these seeds (6.3% — self; 22.7% — cross)

than self-pollinated flowers.

Hand cross-pollinated flowers had comparable or supériqr fruit set, seed set,
and seed germinability to naturally pollinated flowers (Figures 3.2, 3.3, and 3.4).
Naturally-poilinated flowers at both sites (combined) in 1952 resulied in 67.4% fruit

T

set, 16.0 seeds per'flower, and 24.5% seed germinability.

During each of the four years of this study, eight to ten field visit days were

spent at study sites from mid-February through late March, the typical peak blooming
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* Figure 3.2. -Mean percent fruit set at BWM and DSH resulting froin hand. self-
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period of this cactus. Potential pollinating insect activity was noted on only ca. 20%
of those days, and the lack of observed pollinator activity was usvally asseciated with
weather conditions which included some combination of low temperature, high cloud

cover, and high wind.

Table 3.1 lists the insect species which were observed visiting .Tubusch
fishhook cactus flowers at BWM and DSH during the four year field investigation,
as-.well_as those from ar independent concurrent investigation m:@c (Lockwucd,
1995), which is included for comparison. At least six different boe species (EWo
Lasfagfossmn (Dialictus) vouchers which are unidentifiable to spwes app;éar to be
conspetific) and two other species of insects were ohserved vis;ih‘;lg A. tobuschil
flowers at BWM and DSH during this study. Lasioglossum (Dialictus) morrilli was
by far the most.commonly observed visitor to 4. tobuschil flowess at DSH (9 visis),
although the majority of those observed visits (7 visiis) occurred during one afternoon
in 1993. No L. morrilli were seen at the BWM site and, in fact, few insect visitors
at all were noted on A. febuschii flowers at this site during the four year field study.
Many of the same insect species are also reported from Tobusch fishhook cactus
flowess at t]'[% KPC population site (Table 3.1). The frequency with which these
insects were observed visiting Tobusch fishiiook cab_tus flowers appears to be

different between sites, however, Lockwood (in press) reports that, over the entire
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 three-year monitoring period at KPC, honeybees (Apis millifera L.y and Dialictus
comulus were the most commonly observed floral visitors. 'Dnlg,; one - honeybee
visitation was wilnessed at each of BWM and DSH during the entire four years of
this investigation, however, and no I, comulus were nbsaﬁcd and collected at either

" of these two sites during this period.

At least two species of floral visitor —. Lasioglossurm morritli and
Lasmg!asswn (Dialictus) sp. — were active during the field test of relahve pollinator
" effectiveness conducted at DSH during the afternoon-of 6 March, 19?3. Although
each of the insect vi;itﬂrs was. permitted o manipulate the flowes for as long as it
wanted before capture, the single visit &eaunénts to each of ten ﬂuwers resulted in
the production of zero fruifs. There are several possible explanations for the
| complete Jack of fruit set resulting from this trial. Dn the day that tﬁe field access
:-md caphlre investigation was conducted, favorable climatic conditions for pollinator
acuwty had arisen only just prior fo allowing floral acoess to the insects. The
pﬂtenual pollinators may therefore hava visited no or few other open Tobusch
" fishhook cactus flowers before visiting the test plant from which they were capiured
and, tecause this and other investigations have shown A. febuschii to be an obligate
autéms’sér_, the complete lack of fruit set and seed set could be indicative of the lack

of sufficient cross-pollination. 1t is also possible that the two types of _hlsacts.which
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Table 3.1 Insects ohserved visiting flowers of A. tobuschii, by study site. Check mark dencies
occucrence at that site: the numbers of voucher specimens collected are indicated in parenthesss,
BWM and DSH observations are from this investigation, while KPC information is from Lockwood

(1995).

" SITE AND YEARS OF OBSERVATION/COLLECTION

Insect Species BWM  DSH  KPC
1991-1954 1991-1994 1992-1994

BEES
Apis mellifera 7 (1) /(1) ¥
Agapastemor angelicus or fexaniy _ . v {2}
Agapostemon-sp. . o
Lasioglossum marrill | e
Lasioglossw (Dialics) eonnetus # (2) v (D)
Lasioglossum (Dialicrus) pruinasiformis < (1) « {1) v
Lastoglossum (Dialicuss) sp. {aadetermined) sy B
Dialictus comulus ' - T o/,
Osmia subfaciata o _ . .f

OTHER INSECTS o o
Toxomerus marginaius (Syrphid.ﬂ]r} 7 (1)

. Diabrotica undecimpunctate howardi (Chrysomcelid beetle) - 7 (2 v
-Furema nicippe (Sulfur buttertly) v

e e e

were active during this investigation may not provide adequate pollen to stigma
transfer, and/or that several to many pollinator visits are necessary (o each flower
before sufficient pollen has been. deposited on the stigma to cause fruit and seed

production. Still, duriig the course of this four-year field investigation, several
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naturally-produced fruits were collected which contained only one seed, indicating

that only minimal successful pollination may be needed to effect fruit and seed set.

Similar to the situation experienced during the breeding system invesﬁéaﬁnn,
some bagged plants were uﬁable to be used because flowers on, s(gme plants were not
open dux:ing field visit days and because "cones” were found puiled off of some
plgants before treated flowers had fully senesced ﬂea@g open the possibility that
flowers received addidonal “natural” pél]inatiun). Such plants were removed from
this study. Several plants which had been fitted with cones for another investigation
were usﬁ to supplf-;mem the test group for this trial. Hand _po]]i:nﬁtion with neighbor
pollen was siccessfully followed Mth to completion for nine plants at the East
colony and seven plants at the West colony, while hand pollination using distant

pollen was successfully accomplished for six plants each at the East and West sites.

The proximity of pollen donors had no significant effect on fiuit set, seed set,
and seed perminability-at DSH in 1994 (Figures 3.5, 3.6, and 3.7). Although fruit
set was somewhat lower for the neighbor pollen group (58.1%} versus the distant

pollen group ("?9.2%};. the average number of _swd_sl obtained per freatment a;nd the
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Figure 3,5, "Mean percent fruit set for East and West colonies (combined) resulting
from hamd pollination using neighbor or distant pollen. The Kruskal-Wallis #est
detected no significant differences between the two test groups (P=0.201). Mean
percent fruit set for naturally-pollinated flowers throughout DSH is included for
comparison. Vertical bars represent + standard error of the mean.
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Figure 3.6. Mean number of seeds produced per treatment for East and West

" colonies {combined) resulting from hand pollinatior using neighbor or distant polier,

" The Kruskal-‘Wallis fest detecied no significant differences between the two test
groups (P=0.833). Mean number of seeds produced per naturally-pollinated flower
throughout DSH is included fur comparison, Vertical bars repre:sent + standard
error of the mean,
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Figure 3.7. Mean percent seed gemmlauun for East and West colonies (cumbmed)
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test detected no significant differences between the two test groups (P=0.325). Mean
percent seed germination for naturally-pollinated flowers throughout DSH is included
for comparison, Vertical bars represent + standard error uf the mean. '
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gernﬁnahi]it},r of those seeds was nearly identical between the two groups (neighbor
" — 10.4 secds/treatment, 10.1% germiination; distant — 10.2 seeds/treatment, 9.6%

germination),

Mean fruit set and germinability for both test groups.were comparable to those
resulting from nah:fally—po]]inated flowers (69.0% fruit set, 7.3% germination), but
mean seeds per treatment was slightly greater for naturally-pollinated flowers (15.8

seeds/Tlower).

' 35 DISCUSSION

The pollination biology of the Cactaceae has been investigated by numerous
" authors (e.g., Alcom ¢ al., 1961; 1962; Breckenridge and Milter, 1982; Grant and
Grant, 1967 1979a; 1979b; 1979¢; Schmidt and Buchmann, 1986). For the most
past, pollen self-incompatibility seems to be the ﬁlﬂre fypical situation in this plant
family. In an investigation of 'ﬁﬂy—ﬁ\;e taxa in the tribes Cereae (in which A.
- tobuschii is placed) and Pereskieae, Ross (1981) reports that approximately zighty
p&cmt of these species are self-incompatible with respect to pollination, including
ihe congener Ancistrocactus scheeri. In several recent investigadons, pollen self-

| 'inﬁnmpaﬁbﬂity was demonstrated for the cardon (Cereae; Packhycereus pringlei)
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(Fleming et al,, 1994), acuna cactus (Echinomastus erectrocenirus v. ECUNENSIS)
(Johnson, 1992), and several members of the genus Opuntia (tribe Opunticae)

(Spears, 1987; Osborn et al., 1988),

BRased on the resoits of hand self- versus cross-pﬁllinaﬁnn conducted in this
investigation, as well as those from a previous investigation (Zimmernmn, unpitb.
manuscript), it appears that 4. rebuschii should be classified as ':l'lBtE:I'IIJI‘HDTPhiC"! ie.,
producing flowers which are hermaphroditic but which are self—incumpatihle with
respect to pollination. As reported above, this situation appears to be typical of
members of the Cereae, and of the Cactaceae in generak. Wthe self-incompatibilicy
may help Yimit the occurrence of inbreeding and its potentially negative effecis
(Levin, 1981), it may also severely limit or {otally prevent repfodq;:ﬁqn within small,
isolated populations within which the number of different mating types are few or one
(DeMauro, 1993), thus leading to a greater probability of rapid local population
extinction. This may, in pa‘rt,.helg to explain the relatively short-lived nature of
Tobusch fishhook cactus populations; which are typically small and are appareatly

locally isolated.

Rowley (1980) provides an analysis and breakdown of some of the more

common cactus. genera by floral syndrome, which indicates that the majority of
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temperale Northi American cacti produce flowers which are specialized for bee
pollination or which are nonselective. Many puHMﬁﬁnn studies of ternperate North
American cactus species confirm that bees are indeed important pollen vectors for

| this gmup (e.g., Grant and Grant, 1979c; McFarland et al., 1989; Hoffman, 1992;
Johnson, 1992). -ﬁatable exceptinl:ms to bee pollination include reports of bat and
dove pollination in the saguaro (Cereus giganteus) (Alcom et al., 1961) and cardon
(Pachycereus pringlei) (Fleming et al., 1994); moth polination in 2 might-blooming
CETELS {Perﬁacarem striatus) (Suzan et al., 1994); and hummingbird pollination in

’ the clarefcup cactus (Echinocereus trigfaéhidiams)_ {Grant and Grant, 1967).
Although several other types of insect visitors o the Tobusch fishhook cactus have
hecﬁ observed and vouchered, bees are by ‘far the most commonly reported insect
visitors to flowers of this plant. The types and refative frequency of visitation by
difff:.rent bee types appears (o vary between sites (Zimmerman, unpub. manuscript;
Lockwood, 1995; this investigafion), As foragers, the types of bees observed and

" coliected during this investigation probably gamer-pnuen and nectar from d wide
puraber éf different pla.ﬁt types and should therefore be classified as generalists in this
regard (J.L. Neff, pers. cumr':i., 1995). Few other plant species are in flower during
the first several weeks of the Tobusch fishhook cacius flowering season, however,

so this small cactus may act as an important food source for these insects during this

period.
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The relative effectiveness of the different species of insect visitors and,
especiaily, the effects that poilinator limitation has on repcroducﬁ_ve success in this
species tequire further investigation. Small to medium-sized halictid bees were
observed to be common visitors to A. robuschil Aflowers during this and other
investigations (Zimmerman, unpub. manusceipt; Lockwood, 1995), bui the limited
examination of the pollination effectiveness of these insects conducts in this study
- indicates that they may be inadequate or inferior pollinators of this taxon, The most
common visitors to flowers are not always the most effective at Em pollination
(Schemske, 1984), and this may be the case with A. tobuschil. Hun_ey bees, which
were rarely observed visitors to Tobusch fishhook cactus at BWM and DSH during
this investigation, but which. were common at KPC during _Luchamud‘s (1995)
investigation, ‘may actually effect more successful pollinéﬁnp than the solitary

halictids. European honey bees were absent from this part of the world unti] fairly

recent times (Winston, 1987).- If pollination of the ‘Tobusch fishhook cactus has

fiistorically relied upon naﬁ;e fso]itm'y bees, and if the native hegﬁ are indeed not
especially effective pollinators of this species, then pnl]ina_tor linﬁtgtiun could have
been contributory to the historical rarity of this species. While honey bees may
provide efft;d:ive cross-pollination in those areas where they are very aciive,

inconsistent and/or infrequent visitation by these. insects in other areas could result
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in local poilinat:ar limitation. The tefative effectiveness of - different insect floral

visitors to this cadtus requues further investigation, however.
f A comparison of seed set resulting from hand cross-pollination treatments
whiéh saturale stigmatic surfaoeswﬂh pollen versus thaf resulting from- natural
pu]]ﬁnatinn can.h; hs.ed“as a.tést' of pollinator limitation (Bierzychudek, 1981). “While
emphﬁsis was not placed on stlgmauc saturation with pellen in this irnvestigation (i.e.,
the goal of field haﬁd-puni}mﬁon trials ‘conducted for this study was to transfer a
fsurl)r consistent am;)unt of poﬂen fo treated ‘stignias; 1o potentially ehable at least
modest seed set), a cursory comparison of natural and hand-cross data from 1992 (see
Figure 3.2) shows that mean seed set is over twice as large for the hand cross-
pﬂliinaﬁun "gmup“at boih BWM and DSH. ‘This could be indicative of pollinator

linﬁt;ﬁun.at both sites ﬂﬁring:lg_'ii. Mean seed set was lower for the hand-cross
" treatments cumpa:edﬁ nauu*ally-pu]}mated flowers ai DSH in 1994 (see Figure 3.5),
" however, and this could indicate that overall pollinaior numbers andfor relative
effectiveness may var;.:i i‘mm yea: to year. This underscores the need to ‘consider
| imp:;&ts to pt:;]]iﬁa.tor ﬁupui::a.ﬁons ;rhen devising rare- plant management strategies

" (Sipes and Tepedino, 1995), especially for seif-incompatible species.

-
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Because studies of bee foraging bf:hawur mdlcatﬂ that hees t)rplcally move
between closely associated groups of open. flﬂwe.rs befnre ﬂymg off o search for
other, more distant flowers (e.g., Schmitt, 1980), ﬂlere isa lughe:r !Jkehhuod of
~ pollen transfer between individuals within a closely-spaced group of plants. Previous
reports (TPWD, 1984} and observations from this study (seé Cﬁaptg:f 4) i:ndicate that
the majority of seed dispersal in. this species i§ at'fectad by ants, r;inwater am!:'or
pravity, with oniy occasional longer distance dispersal h},r ma.mmals ami b:rds,
dispersal of seeds usually occurs over ﬂnly a rclatwely shnrt dlstance A lugh degre:e
= ‘of interrelatedness probably exisis within a dens group of Tﬂb“-“’h fishhook cactys
individuals, such as within colonies at DSH, o |

With a higher degree of near-nmghbor mterrelatedness comes a h1gh chanoe.
of inbreeding through cross-pollination if bees are the pnnmpal pumnamr
' Occasional pollination by butterflies, which often slup over nearest ne:lghbnrs when
foraging, can help 1mp:rmre gene flow . thmughuut plant pnpulanuns, huwever
(Schnitt, 1980). While inbreeding depressmn can result when frequent inbreeding
“ogcurs in more: lsnlated pnpulauons, oﬂle: pupulatmns can actually becume
genetxcally adapted to cope with their env:mnmental sifuation, even o the extyems
that the importation of genetic variation may ar.tually result in a reductmn in ﬁmess

(i.e., outbreeding depression) (Elistrand, 1992).
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Results from the Spring, 1994, investigation show no significant differences

in preemergent reproductive éuoc;ess hctween the nr;:ighhm‘ and’ distant pollen donor
-groups. For a species with a strong pollen _s_a]f—mmmpaiibi]ity system such as 4.
tobuschii, the near nofmal fruit set and seed set shown for the neighbor pollen group
indicates that there are at least “several mating types (and, hence. snme penetic
- diversity) present within each of the densely-:-;paoed studjr culnma-s at DSH The lack
of significant differences in presmergent reproducuva success between the nmghhor
and dlsmnt test. grq.ﬁps cgﬁ_l&.indik;até that the general degree of interrelatedness of
plants within each colony is not that great; thé self-incompatibility system is
funcucrnmg adequate,ly to reduce the level of inbraedmg, there is sufﬁment genetic
diversity within. the colonies; andfor that A, tobuschii at ﬂus sife are Ilﬂl ESPECIBH}'
prone to the pntenha]ly negatwe. effects of inbreeding. The results of the Spring,
| 1994, trial indicate that the luwar fruit set, seed set and seed genmnahﬂjty noted at
DSH relative to BWM in 1991 may not have beea due to high pn]len transfer

between dmsely-spaoed mdlﬂduals with a high lﬁmhhmd of relatedness
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.. CHAPTER 4.0 AN INVESTIGATION OF THE SEED ECOLOGY OF THE

TOBUSCH FISHHOOK CACTUS (ANCISTROCACTUS TQBUSCHII

 W.T. Marshall ex Backeberg) IN WEST-CENTRAL TEXAS

4.1 ABSTRACT

The seed ecology of the Tobusch fishhook cactus (dncistrocaciis tobuschii w58

W.T. Marshall ex Backeberg), a rare ceniral Texas endemic species, was examined
with respect to seed dispersal and predation; annual seed germinability; the period of
germination in the field, and the relative field germination success within several

different types of microsites; and the soil seed reserve.

Removal by ants appears to be the most common fate for seeds of this gspecies,
perhaps initially affecting as much as 85% of annval production. The only species
of ant observed moving Tobusch fishhook cactus seeds at all three sites during tl'us
investigation was a small reddish-brown ant (Forelius foetidus), which was observed
to be very effective at removing most seeds from most fruits and into its ant mound.
The fate of swds following transport into the mound is unknown. For the 15-20%
of seeds not immediately removed from fruits by ants, dispersal appears limited

mostly to gravity and rainwater, as evidenced by the common occurrence of seedlings
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surmundiﬁg mature adult plants. Successful dispersal of some seeds away from
maternal parent plants may be effected by uccasii;lnal' anf droppage of seeds and
infrequent vertebrate frugivory, but post-dispersal predation of such seeds by ants
may impose additional limits to the actual effectiveness of this as a dispersai strategy

for the cactns.

Annual seed germinability varied widely during the four year course of this
invesﬁgaﬁﬂn, from a high of ca. 67% at one site to 2 lowof ca. 1% at another site.
‘}:«Fith one exception, significant differences were only noted between years, and not
between sites for each given year. Reasons for this ‘wide variation: in seed

gemﬁnahi]itjr between years are not yet understood,

An overall average of ca. 20% of seeds placed within protective exclosures
throughout each field study site germinated after nearly one year, although this varied
tomewhat between sites. Percentage gemﬁuatién was similar between each of three
different micruhahitaftypes where seeds were placed, althcugh "beneath rocks™ was

slightly greater than “selaginella," which was slightly greater than "grass.”

" A modest-sized reserve of germinable seeds was detected in the seil 2t two of

the three sites which were sampled. While miost samples did not contain swds; those
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seeds which were detected were from samples coliected within several decimeters of

reproductive-gized plants,
4.2 INTRODUCTION

The Tobusch Fishhook Cactus (dncistrocactus tobuschii W.T. Marshall ex
Backeberg) is a small, tuberculate member of the Cactaceae which is andemic to the
~ south central and western portions of the Edward’s Plateau regior of Texas. Several
naturally occurring popufations .of 4. rabu.;'chif at three locales — the Buck Wildiife
Managément Area (BWM), Kimble County, Tx.; the Devil's Sinkhole State Natural
Area (DSH), Edwards County, Tx.; and Kickapoo Caverns State Natural Area
(KPC), Kimney and Edwards Counties, Tx. — were utlhmd to conduct an

investigation of several facets of the seed ecology of this. taxon.

The seed ecology of the Tobusch fishhook cactus had not been closely
investigated prior to this investigation. -Reporis for this species indicate that
information relating to seed dissemination, germirability, features of the soil seed
reserve, and period of germination in habitat is either completely las:lﬂng Or exists
solely from casual observation (TPWD, 1984; USFWS, 1987). Such in_fonnatinn is

cricial to development. of a successful management strategy, however, because
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inadaquaté seed éenninahility and dispersal, heavy seed predation, and the lack of
suitable habitat for seed germination and seedling est;*;thlishment can all greatly impact
the survival of local populations (Menges et-al., 1986; Fowler, 1988). A reserve of
buried seeds in the soil can provide a buffer against periods of adversity by providing
local populations with the means. for seplenishment of individuals and genefic
diversity (Baskin and Baskin, 1980; Moore, 1983, 1988; Cuffin and Lavenroth, 1989;

Leviti, 1990).

The method(s) of dispersal of seeds for the Tobusch fishhook cactus is largely
unknown. Seedlings have been noted around the base of several plants in one
population (Marshall, 1952), and this suggests that short distince, passive seed
distribution effected by gravity and/or rainwater may occur. Zimmerman and Poole
(TPWD, 1984) have reported the rapid disappearance of fruits from .some plants,
. which could be indicative of bird or smali mamnial frugivory. Preliminary
ubséfvatiuns from the current i:ivéstigation‘ iﬁdicate that pravity, rainwafer, and
 frugivory inay ali contribute to seed dispersal. Tn addition, ants also appeared o be
involved in seed removal and predation from recently dehisced fruits of 4. fobuschii.
To determine the dispersal vectors and predators, and their relative importance for
this species, fruit maturation and seed dispersal were closely monitored during the

1992, 1993, and 1994 field seasons. This investigation included several field trials
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to examine more closely the role of ants in the fate of Tobusch fishhook cactus seeds,

and the type(s) of ants involved in this activity. Also, 2 trapping effort was

conducted to determine if and what kind of small mammals might be invoived in

frugivory-related seed removal.

Marshall (1952) reported that seeds of A. robuschii are of high germinability,
but did not elaborate upon this. In order to quantify seed germinability, naturally-
produced fruits were collected annually from field study sites, and the seeds contained

within were assessed for germinabiiity under greenhouse conditions.

There has been speculation that bunchgrasses may act as "nuise plants” during
germination and estiblishment of A. robuschif CCPWD, 1984), but this and other
microhabitat features related to natural seed germination, as well as the yearly period
of germinction, are in need of investigation (USFWS, 1987). To determine the
relative germination success of seeds placed in different types of microhzbitat, and |
to note the approximate period of seed germination in habitat, field-collected seeds

were: sown within different microhabitat types within exclosures which were

constructed throughout each of the three metapopulation sifes.

96




A previous inveéﬁgaﬁun of one population of another rare ¢actus in Texas has
repbrted the existence of a modest soil seed Teserve associated with that species
(Bmmett, 1989), Because of the potentially important role of a seed reserve in
....ailnwing for post-disturbance population recovery, and because the nature of the soil
seed reserve has not beer mvesﬁgamd for A. robuschit (TjSFWS, 1987, TEWD,
1984), several sampling sirategies were utilized to determine whether the Tobusch
fishhook cactus maintains a reserve of buried, viable sseds in the soil within the

population sites.

4,3 MATERIALS m METHODS

Annual fruit mafuration for this species occurs from late April through May,
at .which time the greén fruits often acquire a pink finge. Eventuafly, the fruit pulp
and s&ds are exposed by dehiscence along one to severdl irregular ngitudinal sines
“ on the fruit wail. Fully developed Tobusch fishhook cactus seeds are black in color
‘and finely papillate in texture, and are ca. 1.5 mm long, 1.5 mm bread, and 1.0 mm

thick (Benson, 1982).
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Observations made during field visits to each study site in early to mid ]um:ﬁ
of each year showed very few or no whole or nearly whole fruits to remain on plants,
and no evidence of seeds on the ground sqrrounding the plants was noted duﬁng
those visits. Persistent basal portions of one to several fruits were abserved on a..‘few
plants at each site during all times of the year and during all field years, and these
usualiy coriained one to several apparently normal seeds.

In late Awpril and May of each field year {1991-1994), the fate of maturing
fruits and seeds of the Tobusch fishhook cactus were closely monitored. In almost
all cases, fruits remained on the maternal plant until dehis.nenée, _l_:fyt several instances
where predehiscent fruit removal was apparent wese noted. Nearly all of the
dehisced fruits observed at all sites were swarmed by medium-sized reddish-brown
ants. Ant behavior was closely monitored on a number of fruits during each ﬁeldﬁ
year, and voucher specimens of ants ubsc_nrad removing seeds from A. tobuschii
fruits at all three metapopulaiion sites were ;pllected into kili jars charged with ethyl
acetate. After transport to the lzboratory in Austin, ants from each m]lecf:i-:m wer&
placed along with collection Iabels into separate vials confaining 90% eﬁyl alcohol
for preservation until species identification could be mada.r |

%
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To beiter m-;mitor thé activities of fruit—swari;aing ants, one near-mature fruit
was removed from each of several randomly chosen cacti within several different
colonies at each site. Fruits were placed in plastic.petri dish bases which had small
holes (i.e., smaller than A, tﬂbmﬁfu‘i seed.s} drilled in the bottom to allow drainage
| of rain water and mndensa;ﬁon. Pe-.tn dish bases were secured to the ground with
wire stakes in areas near the plants from which the fruits were collscted. Each petri
dish base was fhen shaded with a white plastic plate “awning” supporied several
inches ah;:we the gm:und by wire stakes t0 profect the contents of the petri dish from

scatter due to heavy precipitation, and to discourage bnds from feeding on the fruits.

The number of plates set up in this manner was as follows; 1992 — six plates
" at BWM and f‘ﬁ'e plates at DSH ; 1993 — five platés at BWM; 1994 — two plates
at KPC In 1992, one ﬁnsﬁﬁt fruit and one fruit which was split open with a knife
{to simulate natural dehiscence) were placed into each dish; because unsplit fruits in
all dishes remained intact throughout the u-ia.l,.' only one "split” fruit was placed into
each dish for ali trials conducted in subsaqﬁent years. Dish contents were observed
within one-haif to one hour of plaaemént, again the next day (if possible), and once
more duzing the next site visit one (© two weeks following fruit placement in dishes.
While the plate-covered design did not necessarily prevent access to dishes by other

insects or small animals, no other animals were observed visiting the dishes during
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the trials, and anis so quickly swarmed the split fruits following placement that their

. presence may have deterred other potential visitors.

Fruit-swarming ants were collected from several djshes aI each site for
voucher specimens. Collection and preparation of ant vouche;rs WETE as descnbad
zbove, Dish mntents were collected into individual labeled mvelupas dunng the one
to two week follow-up. visit, and transported: to the la'F;arm'atn‘.:-r;',lr in Austm for later
examination, This material was examined to determine the avm'age numbe:r uf seeds

remaining in plates at each sile during each year.

In order to investigate the possibility that small mammals were invoived in
frugivory for this species, trapping was oundﬁcted_ during m;;:t I}_ights each in May,
1992 and May, 1993 at BWM and DSH. Dur‘u_;g each ;rapping night, niﬁe_: — ﬁS.D
emX 7.5 cm X 9.0.cm Sherman traps were placed alongside prospecﬁve rodent trails

in the vicinity of reproductive-size plants at various locales within populations at each

of the two metapopulation sites. Each trap was baited with one newly-collected near

ripe but undehisced fruit from a nearby Tobusch fishkook cactus, and left overnight.

Contents of the traps were ingpected the next moming, and the traps were collected.
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" and from KPC during 1993 and 19';;34. To minimize the impact to study;groups, the
number of fruits collected during any one year was limited to no rhore than 20 % of
_ the aanual ﬂuﬁer pmductiun:fnr gach site. Quantitative information on annual Frait
and seed '.pmduction is presented in Chapfer 5, which provides detailed demographic

features of the study metapopulations,

Upon maturation in late A;"nril or early May of each year, fruits were collected
into individual labeled envelopes and aansported o the laboratory in Austin for
further processing. In the taboratory, fruits were carefully split open and allowed to
air-dry at room temperature (ca. 22°C) for a period of ong to two months. . Seeds
were then removed from each dred fruit and were counted, treated with 2
' commecial fungicide (Fertilome with benomyl), and dry-stored in individual labeled,
" capped bottles in refrigeration (ca. 8°C) until performance of the germinability

assessment.

101



Germinability of each year’s seeds was assessed in a growth chamber. The
growth chamber germination ixiai of field-collected seeds was begun during July of
each year, except for 1991 seed germination which was begun in March, 1992,
Seeds were rémoved from refrigeration and sown into a 2:2:1 mixture of commercial
potting -soil:sharp sand:perlite. in compartmentatized seedling flats, oze
sted/compariment, Twenty seeds from each {ruit were uiilized for this test except
when a fruit yielded less than mntyl seeds, in which case a]l of the seeds from that
frnit were used. Unused seeds from .each fruit were placed back into refrigeration
for possible later use. Flats were kept covered with clear plastic lids in the climate-
controlied growth chamber at 30°C, 100% refative humidity "daytime” {13 hr3.), and
21°C 100% relative humidity "nighttime” (11 hrs.). Daytime artificial light intensity
within the growth chamber was measured with a hand-held digital light meter (Extech
Instruments Model L246348), and averaged ca. 200 + 10 X 10? Lux. Darkness
constituted the nighttime lighting conditions. Trays were thoroughly watered ca.
every 2-3 days. Trays were ﬁlﬂ_pitumd for gemﬁn_aﬁm_pf seeds weekly fu_r the first
2 months of the trial, then monthly thereafter. Germinability was determined at the
maternal plant level (i.e., perceniage germination of seeds frpm each fruit), and at
the metapopulational level (i.e., percentage germination of all seeds produced within

the metapopulation site) based on the collected subsamples.
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Seed gemﬁﬁabiiity daia were square root transformed to normalize residuals,
then were analyzed using the two-way analysis ot: variance procedure included in
SYSTAT version 5.0.3 (SYSTAT, Inc., 1990) to compare average seed germinability
between metapopulation sites for each year, and for each metapopulation site between
years. Two separate runs of ﬂﬂs.procedure were necessary because the different
monif:oring periods for sites (i.e., BWM and DSH — fhur:}rears; KPC — two yeais)
resulted in empty matrix cells. The first two-way ANOVA was run 1o test for
| signiﬁ-:‘:aﬁt differences in mean per fruit ssed germinability between sites and between
yéars for BWM and DSH during the four year period 1991 through 1994. The
‘second éwo-way ANOVA was run to test this for all three sites during 1993 and

1994,

Assessm eed Germination Within Field Exclosu

Because earlier field observations had shown that sceds of A. sebuschii are
" readily collectsed by ants, it became apparent that any attempt to investigate field
germination of seeds would require use of exclosures to preclude ant activity. During
| Summer, 1993, germination ‘exclosures were constructed and sown with previgusly
ficld-collected: seeds in several locations 2t each of the three study mefapopulation

sites, to allow some -determination of the timing and environmental conditions
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associated with 4. tobuschii seed germination in habitat. Two earlier field irials at
BWM and DSH that were started during Summer, 1992, met-with catastrophic failure
associated with disturbance from heavy rains.. The exclosuse design was modified

for the. third trial, and is described below.

* During July, 1993, germination exclosures were set up as follows: EWM and
DSH (each) — five exclosures containing 1993 fieldcollected seeds and three
exclosures confaining 1992 field-coltected seeds; KPC. — two a_xclqsu_:,res cc-ntai_ning
- 1993 field-collected seeds, Exclosures were placed in several different locales
throughiout each metapopulation site. Criteria for exclosure placement sites included:
1) litile or no slape, and 2) occurrence within the boundasies of a monitored Tobusch
fishhook cactus colony, but sufficiently far from known mprﬁdu;ﬁvﬂasized planis o
minimize the likelihood of naturaliy-occurring A. rebuschii seeds occurring in or on

the soil at that spot.

Each exclosure. consisted of one — twelve inch diameter X eight inch long
ring of aluminum stovepipe flashing; ‘spray-painted gray to dacrease ifs .appa__r,ency
among the r’qcky fimestone -substrate af each population site. Each ring of ﬂ#hhg
was sécured in place with wire stakes driven into the ground; rocks and 5011 were

‘buiit u around the base of its cuter periphery 1o deter crawling insects from entering
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© and to prevent swds'from easily washing out, Exclosures were not renched into the
gmund as in the first two unsuccessful attempts huw;ave:, as this apparently prevented
sufficient outflow of rainwater from the exclosure. Once in place, the outer surface
of each flashing ring was coated with insect mglefmt to further deter ants or other

- crawling insects from gaining entrance to the exclosure.

Seeds were from lots ("seed lot* = seeds from one fruit) which had either
already b&en assessed with fespect to germinability (1992 seeds), or for which
germinability was in the process of being assessed (1993 seeds) at the time field
exclosures were prepared. Seed lots which had the highest number of remaining

" seeds (following removal of a subset of seeds from each lot for greenhouse

" " germinability assessment) were chosen for this investigation. Seeds from each lot

were evenly divided among the number of replicates (“exclosure groups”) chosen for
that metapopulation siic and seed year, plus.one back-up group. Each exclosure
gi'uup consisted of twenfy-one seeds. No more than three seeds from gach lot were

included in each exclosure group.

Tn the field, the twenty-one séeds comprising each exclosure group were
individuaily placed into sepasate spots characteristic of one of three tnicrohabitat-

types identified within each exclosure (i.e., seven seeds per microhabitat type per
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exclosure; twenty-one total seeds per exclosure). Upon placement, the location of
each seed was marked with a color-headed pin, with different colors used to ind_icatc
each of the three different microhabitat types within each exclosure. The three
microhabitat types utilized for seed placement include 1) along the edge of and
slightly beneath a rock or amongst several large pieces of gravel; 2) within a mass
of spikemoss (Selaginella sp.), nostoc (Nestoc sp.), true moss of fichen; 3) within &
clump of bunchgrass. Use of an "open, unprotected” test group for seed placement
was ruled out because of the high potential for weather-related disturbance, as made

evident during the first two failed trials of this investigation.

As seeds were being placed within the first exclosure at KPC (the initial
placement site of this third trial), medium-sized ants appaaredll and began 1o carry off
the seads. . Anis were similar in appearance to those observed removing seeds from
ffuits at this and other sites, as described in "Fruit Maturation, Frugivory, and Seed
Dispersal® above. The decision was ‘made 10 spray-treat the interior and outer
periphery of this and all other exclosures at all sites with Diazinon insecticide just
prior to seed placement. A back-up lot of KPC seeds was then utilized to replace
those taken by 'ant?; within this first exclosure. With, the Diazinon pretreatment, no

furiher probléms with ants were encountered at other exclosures.
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Seed germination within field exclosuses was - monitored periodically
throughout the 1993-1994 field season. Because 1992 and 1993 seed germination
appears comparable, and because "within exclosure” germination in general for each
site appears comparable, these varizbles were noi considered during statistical
analysis. A muiti-way r:acnﬂltirlg‘z-':rncjr table was construcied and then analyzed by log-
linear models (Sokal anid Rohif, 1981) using SYSTAT version 5.0.3 (SYSTAT, Inc.,

1990) to examine differences in one-year seed germination by site and microhabitat.
" Soil Seed Reserve

. .This investigation was conducted to detérmine if the Tobusch fishhook cactus
maintains a reserve of seeds in the soil and, if it does, to determine the density and
spatial distribution of this seed reserve. - The survey of the soil seed ‘reserve was
accomplished by collecting soil samples at various locations at BWM and DSH in
1992 through 1994 and a& KPC in 1993 and 1994, Several preliminary samples were
2lso ‘collected at BWM in 1991, Sampling was performed in late March or April of
cach year. This time period immediately precedes the onset of annual fruit
maturation and seed set, and so assured that any seeds collected from the soil during
ﬁmpﬁng were at Ieast ca. one year old. All samples were collected using a soil core

sampler (Oakfield model KB) with an inner tip diameter of ca. 20 mm, to a depth of
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ca. 40 mm. Upon collection, samples were placed in individual plastic bags, and

labeted with: their point of origin.

Observations made earlier in this study indicated that the majority of A.
tobuschii seeds may be removed from ihe maternal plant h}_r" ants or other animal
vectors. Those relatively few sceds which are not se removed remain within the
basal portion of the fruit, which is. still toosely attached to the plant or is lying
amongst the spines and tubercles near the plant apex. As the fruit remeants dry and
decay, the seeds fall out among the fubercles near the plant apex. As the plant grows
and produces new apical tubercles, the seeds may fall or be washed untc; ﬁ;le ground
by rainwater. Unless further dispersed by, e.g., rainwater or ants, seeds probably
temain relatively close to the maternal plant, especially if ﬂlﬁlplapt_ is growing in an
approximately flat situation. Data obtained during the first ﬁe:_ld season {i.e., 1991)

indicated that an average reproductive-sized A. tobuschii produces ca. 112 secdsfyear,

Taking into: account the above observations. and associated informed
speculation on seed dispersal and fate, the probabilify of encountering Tuﬁusch
fishhook cactus seeds during soil sampling at a distance of more than several
dacimetel:s.fmm the maternal parent plant is likely to be low, especially in diffusely-

spaced colonies. Because the three study sites differed greatly in plant density (see

103




Chapter 1), several different sampling stratégies were employed during various points
: of this ﬁald.invesﬁgatinn. Colonies ai BWM consist of diffusely-spaced individuals
or small groups. A sampling strategy that was biased toward plants of reproductive
size (i.e., ca, = :2.[) cm. stem diameter) was therefore employed at this population
during. 1992-1994, ‘Each sample nl;tained using this method consisted of 3 soil cores,
one each taken along a short iransect line at ca. 10 cm, 20 cm and 30 cm on the
downstope side of a plant known from censuses to have produced :at least one fruit
wtﬁch had not been coflected dufing the previous season. Sampling was restricted
to juﬁ one ﬁanaacﬂplant and three soil cores/transect to limit damage to the plant
root system. To further mit impact to each plant, different plants were sampled
during mﬁsecutive years. Eight i:nlants were sampled in this manner at BWM in

1992, twelve plants in 1993, and thirteen in 1994,

| Within two more densely-spaced colonies at DSH, where higher seed
i:roducﬁon from a greater number of reproductive-sized individuals could: result in
ﬁ more substantial and spaﬁajl]r widespread soil seed reserve, a randomapproach to
salﬁpling within colonies was employed in 1992 using 4 technique- presented in
Bigwood and Inouye (1988) and modified by Emmett (1989). Three s-nil cores were
.taken surmundmg each of twenty-five randomly selected points withina t m X 1'm

quadrat which was centered within sach colony. The two quadrats contained ﬁw.fe and
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eleven A. tobuschii plants of reproductive size, with numerous other reproguctive size
individuals within several meters of the outer quadrat boundaries. Because ﬁo seeds
were detected: within either colony using this method, the biased sampling method
used at BWM was.aiso employed at DSH in 1993 and 1994, Nineteen sﬁxnples were

collected using biased sampling at DSH in 1993, and twenty-one in 1994,

While relatively small in areal coverage, the Tohus.ch ﬁshhﬂék ca::ﬁls study
populations at KPC are more dense than populations at the other two sites. Béqause
of this small but dense nature, soit sampling was conducted at regular intervals along
several transects (following, e.g., Antlfinger, 1989) through the southemn KPC study
populaiion. in 1993, to investigate the extent of the seed rﬁs_.enre. In eﬁ_ch at_‘ wao
separate areas within the southern KPC population, soit sainpﬁng was corducted
along two — eight meter long transects which were aligned cz. 90° from each other.
Ezch sample was composed of three soil cores coi_lacted argund a point atong the
ansect, Samples were taken at 0.5 m intervals al;ﬁng the trans.ec_t when possible, but
the prevalence of limestone rock and cobble at this pepulation site iimited the total
number of samples able io be coilected. A total of twenty samples were cn_ﬂectad at
KPC in 1993 using, this method. Because no seeds were uhtamed usmg this method,
the hiase:i sampling strategy described for BWM abave was also employed at KPC

. in 1994, Ten biased soil samples were coltected at KPC in 1994,
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Following completion of fietd sampling each year, samples ‘were fransported
to the laboratory in Austin for processing. Material from each sample was washed
with tap water through several sieves of different mesh sizes to separate seed-size
from nonseed-size material. Seed-size material was air-dried and viewed under a
dissecting microscope to allow idenﬁﬁcatian and removal of seeds. This "elutriation”
sample processing method was used because seeds of this cactus are easily
recognizable from other seeds and debris in samples and, once removed fram each
sample, ﬁeeds could be easily dry-stored for later germination assessment (see Gross,
*1990). All seeds which were recovered in this manner were stored and tested for

| germiinabitity as described in *Greenhcuse Assessment of Seed Germination" above.

Data obtained from soil sampling and germinability assessment were used to
* calculate the density of germinable seeds in the soil seed reserve (seeds/m?) for each
year. Because severai different sampling stratégies were employed diiring the course
of this inv’estiigaﬁan, and because so few seeds were actually detected: at all, only

summary statistics are provided. -
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4.4 RESULTS

Frugivory, Seed Predation, and Seed Dispersal

Each of the "unsplit" fruits which were placed into petri dish bases (along
with the *split" fruits) in 1992 was found infact and apparently urdisturbed during
the follow-up field visit one to two weeks after placement. Because aﬁts weTe
observed to swarm the split fruits within the first half-hour to hour fuunwing
placement into the dish, and because unsplit fruiis —- which could sitll be atiractive
to other small animals — were found to be undisturbed in all dishes, it appears that
ants are the primary (if not only) vector effecting seed removal from the petri dishes

in this trial.

The ants which were nbsewed and collecied while MMg Tobusch fishhook
cactus seeds at ail three sites during the course of this field study were all the same
‘specics: Forelius foetidus (= F. foerida, = F‘. maccooki {Shaﬁqcﬁ, 1’_-}94})
(Dolichoderinae). These small ants were observed to be at least equa]l}r. inte;zt on
gathering amd remcﬁing seeds, fruit pulp, and the fleshy funiculi which are typical
of many.ca;*;ms species (Mauseth, 1984). While seeds of another cactus have

reportedly been largely ignored by ants which swarmed dehiscing fruits (Emmett,
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1989), seeds of this species were observed being transported back to the ané mound

" along with the funiculi and fruit pulp.

‘Table 4.1 presents the average number of seeds remaining in petri dish bases
for each year and site, along with ﬁc average seeds/fmit produ;tinn for each site and
year for general comparison. From these data, it is apparent that most. seeds were
' removed from each petri dish, although it is noteworthy that a few seeds remained
in sevcrai dishes after one to two weeks. Observations associated with. thesc.'tr_ia.ls
indicated that ants were the most likely vector:of most if not all seed removal from

petri dish bases.

Table 4.i. Average number of seeds remaining within petri dish bases after ca. one €5 two weeks
during each of several years at each site. The average number of seeds/fruit for each year is included
for evaluative purposes. '

. YEAR BwM DSH KPC

Avg, ¥ Seeds  Avg. § | Avg. ¥ Seeds Avg. ¥  |Avg. #8Seeds  Avg ¥
Remaining/ Seeds! Remaining/  Seeds/Frt. | Remaining/ Seeds/Frt.
Dish’ Fruit Dish - (Meta) Dish = (Meta)
(n=#toals) (o=# fmits) | (o=# trials) (a=# frvits) | (a=F trisls) (n=¥ fruits)

1992 0.2 40.2 0.6 36,0 — -
n=6 n=17 n=5 n=20

1993 4.4 33.0 — 37.2 — 46.0

n=3 , n=24 |. © B=29 n="

1994 —_ 32.6 —_ 28.7 0.0 30.6

. a=10 . n=10 =2 B=38

e e ———— e —
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For recently-dehisced fruits which were still attached to a Tohuscl}: fishhook
cactus, ants were observed to be generaily very effective at removing the majority
of each fruit and its seeds to their mound. All ant mounds of this species which were
observed during the course of this investigation occurred beneath very large partially

buried rocks, which is typical for this species (Wheeter and Wheeler, 1986_).

Ants were observed occasionally to drop and eventuatly abandon a seed during

transport to the mound, however. Similar to the situation noted in the petri dish trials
ahove, there were occasionally a few seeds which remained uncollected fiom some
fruits each year, and these seeds were usually tightly held within the basal remnant
of a fruit. Such basal portions were often refained on the plant among the tubercles
and tangle of spines near the plani dpex for many months aftar fruits. had matured and

ant seed collecting activity had ceased. Removal and examination of these fruit bases

often yielded one to several apparently normal saeds of varymg germinability. Such

seed heanng fruit remnants were observed on ca. 5% to 10% of the planis ai each

site each year,

S1mu:ar to the sﬂ:uauun noted in another repoit (Marshall, 1952) seedlings
' were observed at ihe base of many plants at each site, mcludmg around the spiny

remnants of plant carcasses, providing further evidence that spme smds from many

114

- ’t‘ﬁ‘%

L% Qﬁ



plants are unavaitable to or are overlooked or dropped by ants on or mear the
matémal plani. Twenty-two A. fobuschii carcasses from paturaily-occurring
reproductive-sized planis which died in 1992 or 1993 due to varions causes were
collected and examined in the laboratory. Seven of these carcasses (ca. 32%) were
found to cuntain. seeds among the.spine"s and decaying tubercles. The number of
lsaﬁds collected from these carcassés ranged from one to eighéy-eight (mean = 27},

and the average germinability of these seeds was asseszed at.ca. 10%.

No small mammals were collected within Sherman traps during the thirty-six

..\"'tra.p uights'; (i.e., two nights x two sites x nine traps) each in 1992 and 1993. None
of the traps, nor any of the A. sebuschii fruit *hait" .contained within, appeared to
have been disturbed during this effort. Strong w_idenﬁe of frugivnr*;.' by larger
animals such as birds or smail mammals was observed on several plants during the
course of this field study, although direct observation of frugivory "in progress” by
birds or mammals was not observed at any site during the course of the field study.

| This evidence includes the discovery of torn/shredded fruit remains found a short
distance from the plant which had produced them, and the rapid disappearance of all
or most predehiscent fruits from several largér plants. Additional circumstanial
evidence for noninsect frugivory includes: several isolated planﬁ discavered growing

azound an old pole anchored into the ground near the very top of a large hill' at the
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BWM site, which suggests that a bird may have landed on the pole some time after
having ingested an A. fobuschii frait and defecated or regusgitated the seds to the
ground; and, the occurrence of several 4. tobuschii plants at all sites gruwmg ‘dirt::actl'},r
adjacent to large partially-eniergent limestone, rocks which, as high paiats in an open
"field, could be used. as a perch for avian or mamnalian pptential frugivm_‘ets. Based
ot the infrequency with which such evidence of vertebrate frugivory was witnessed
during this study (i:€., no more than once or twice per site per year), avian or
mammalian frogivory probably involved no greafer than ca. 5% of the annual fruii
production at each study site. Based onall of the data and other observatjons on seed
fate for this species, it is likely that myrmecochory accounted for approximately 80%
to 85% of the seed removal from fruit-bearing Tobusch fishhook cacti observed

during the course of this study.

Greenhouse Assessment of Seed Germination .

During all four years, the onset of seed germination in the growth chambers
was noted within seven to ten days from the time seed flats were first watered In
general httle additional germination was noted after four or five months from the

start of the assessment.
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Avérage per fruit germinability of naturally-produced Tobusch fishhook cactus
seeds ranged widély during thé course of this investigation, from a high.:_nf ca. 67%
for KPC in 1993, to a low of ca. 1% for BWM and KPC in 1994 (Table 4.2). The
average seed germinability for all sites over ali field years was 38.7% {ﬁ= 188). In
general, 1991 and 1993 appear. to h;a'.re been years of relaﬁvel}r. high seed
germinability for all monitored sités, whjile seed germinability was more modest In
1992 and extremely low in 1994. The two-way ANOVA procedures showed that
sig:ﬁficaﬂt' differences in germinability of naturally-produced seeds occurred between
years for each site, while o significant differences were detected between sites
within each of the years (Tables 4.3 and 4.4). Statistically significant interactive
effects were also detected between BWM an.d DSH between different years during
the period 1991 through 1994 (Table 4.3). For the four-year, two-site comparison,
"between years” differences in mean germinability were alf significant with the
- exception of between 1991 _ami 1993 (a<0.05, Tukey’s muitiple comparison test).
. In addition to many statisticaily significant "bepween years” @gs idmﬁﬁnd for the
interactive effect, analysis of the interaction of site and year also detected a
“significant difference between BWM and DSH for .1991 seed germination {a<<0.05,

Tukey's mutiple comparisen test) (Table 4.3}
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Table 4.2. Greenhouse-assessed germinability of paturally-produced field-collected seeds of A
robuschii at each site for each field season, reposted as percentage gerinination of seeds per fruit +
standard error of the mean. The number of plants (n) from which seed germination was assessed is
also provided. '

YEAR MEAN GERMINATION OF SEEDS/FRUIT

BWM . DSH. KPC

1991 627 £5.1 4.2 £6.1 —_
n=35 ! =20 -

1992 23.5 £5.8 254 +4.8 _
n=1% n=20

1993 46.5 £5.8 | 52251 67.1 £6.7

' n=24 n=30 n=%

1994 1.6 1.0 7.3 +4.2 .. 13413

n=10 n=11 n=2

Assessment of Seed Germination Within Field Exﬁgsu@ o

Germination within field exclosures was fully assessed in'early February,
1994, e;nd again in late May, 1994, and the results are somewhat mixed. Of the total
germination noted within exclosures at each site, the majority took place between
February and May, 1994, for both BWM (62%) and DSH (89%). At the KPC site,
where ovérz;]l exclosure germin:atiun was extremely low, no additional seed

germination was noted during this same period.

Over all, approximately 20% of the seeds placed in exclosures had germinated

after nearly one year, although this varied from 7% at KPC to 27% at DSH (Table
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Tshle 4.3. Two-way analysis of variance on the effect of year and site on seed germinability for
EWM and DSH only, for 1991, 1992, 1593, and 1994, Results of a Tukey mimitiple comparisons test
for the interactive effects (i.e., Year * Site) are slso provided, Groups not shiaring a letter showed a
significant differeace hetween group mean germinshilities. Tukey multiple comparison test jesults for

the “year® effects are discussed in the text.

—__—.__.—m—_—_...___—.—"_"—__—_.-—-—.———

ANALYSIS OF VARIANCE

Source Sum-of-Squares DF Mean- F-Ratio P
Square

Year o ' 560.5: 3 186.85 25.06 < 0.001
Sita ) 0.5 1 0.50 0.06 . - 0.7%
Yesr * Site 92.5 3 30.85 413 2.007
Error | 12152 - 163 7.45

1991 BWM a

1991 DSH b

1992 BWM . - be

1992 DSH Boc,d

1993 BWM a,b,cde

1993 DSH a,b,d, e

1994 BWM f

1994 DSH

e, d,

4.5). The resulis of G-tesis ‘indicdte that seed germination differences between sites

were not statistically significant, however, nor were interactive effects of siie and

" microhabitat type. Stafistical significance was detected between microhabitat types

when data from all three sites were pooled (Table 4.5) which indicates that there

‘were significant differéences in germination between the three types of microhabitat.

The "rock™ microhabitat had the highest germination percentage at BWM and KPC,
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Table 4.4. Two-way apalysis of variance on the effect of year and site on seed germinability for ali
three study sites {i.e.,, BWM, DSH, and KPC) for 1953 ang 1994,
' ANALYSIS OF VARIANCE

Source Sum-of- DF  Mean-Square F-Ratio P
Squares | -

Year 683.9 1 68390 110.23 < 0.00

Site 19.3 2 9,66 1.55 0.217

Year * Sife | 9z - r 2 9.62 1.55 0.218

E : 533.5 86 §.20

ITOT .

while the “selaginella® category was highest at DSH. For 4ll sites combined, the
“rock" microhabitat produced the highest germination (22%), followed by

nselagineila” (20%) and "grass” (17%).

iﬂ_lﬂl_k.ﬁm.

Few seeds we&: detected during the seed reserve survey at all sites, and those
seeds which were obizined were from -soil samples _co]la_::l:ed in relatively close
proximity to :;mpmduuﬁve-si;ad plant using ;he biased sampling strategy. None of
the nunbiasuf:gd soil core samples collected at DSH and KPC (i.e., ﬁuadmt— and
transec_t-based,. respectively) yielded any Tobusch fishhook cactus seeds. Table 4.6
provides a summary of the number and. ge:i_mnahility of seeds collected during

sampling at each site for each year, as well as an estimation of the number of
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Table 4.5. A three-way contingency table which shows site and microhabitat differences in ang-
excluded field seed germination percentage. Results from G-tests are also provided.

H_.—__._—.—-_—___—'_.__.—---—..—u""'_"=_——'__'_.—_-

SITE MICROHABITAT % GERM % NO GERM

BWM | Rock | 20 80

Selaginella .14 86

Grass .on 87

Subtotal _ 15 85

DsH  Reck 7 1

Selaginella . 30 : 70

Subtatal B 27 1_ 7

KFC Rock - . | 14 : 86

Selaginella | | o 100

Grass : 7 93

Subtotal _ 7 .83

TOTAL L 19.6%  20.4%
Site * Seed Fate =482 P=0.964

Microhabitat * Seed Fate . ¥=116.78  P=< 0.001

Sife * Sead Fate + Microhabitat * Seed Fate ¥=3.56 . P=0.894

germinable seeds per square meter-basgd on these data. Séil core samples were of
very smatl areal coverage, so the latter estimation is only very approximate, and only
pertains to the area immediately surrounding reproductive age 'Tuhusich ﬁsﬁhonk
cacti. These data indicate that, while of modest size and generzlly lmnted spatlal
distribution, A. fobuschii did maintain a reserve of vigble seeds m thc_ soil at BWM

and DSH during at least 2 portion of this four-year investigation.
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Table 4.6. Summary of data from the soil seed reserve investigation at each site for each ‘ysar, including the total number of soil samples
collected, the total number of seeds from samples, the greenhouse-assessed gormination percentage of seeds, and the estimated density of
germinable seeds in the soil, based on these data. All soil samples were collected using the "bissed” methed described in the text, with the
exception of DSH: 1992 {quadrat) and KPC 1993 (transect). Pooled data are from biased sampling only. '

‘DSH

KPC

YEAR BWM
" # #Seeds Germ % # Gorin |# Samples # Seeds Germ  # Germ |# Samples # Sesds Germ  # Germ

Samples SDS/M2 %  SDS/MM?* %  SDS/M?
1931 3  — 0. | — - = — — — e
002 | - 8 1 w0 1326 | 50 0 w—— 0 —_— —— — —
1993 12 6 — o 21 4 25 505 2 6 — 0
1994 13 0 e 0 21 2 50 505 10 Y

Pooled Data| 36 1 100% 295 42 6 3% 50 10 0 o

e —— T T




4.5 DISCUSSION -

Seed dispersal in cactus species may be effected passively by gravity and
rainwater {Anderson, 1969; Emmett, 1989), or actively by such animals as- ants,
| birds, and various mammals {Stee;lnbergh and Lowe, 1977; Wendelken and Martin,
1988). Ants appear to be the dispersal a.gent_impacting the majority of the annual
Tobusch fishhook cactus seed production, The seeds are relatively small in size and
from a rélativeiy senall plant, which aré two characteristics typical of some other
plant species fos ‘which myrmecochory has been nqtad (Westoby et al.,, 1950}
" Tobusch fishhook cactus seeds do not appear to have an elaiosome or caruncle,
however, and so are unlike many ofher types of seeds adapted to ant-dispersal {e.g.,
Bullock, 1989; Hughes and Westoby, 1990). Also, the fleshy, spineless berry fruit
type of this cactus is moré typical of fruits adapted for vertebrate dispersal (c.g.,
Kaufmann et al., 1991). Ssll, based on the findings of this investigation, it is
éppﬂent that the immediate fate of the majority of the annual Tobusch fishhook
cactus seed production at the three study sites invoives direct remova] from fruits by
ants, primarily Forelius foetidus, for ttansport into their mound. Fruit and seed
predation by pyralid moths (Yosemitia spp.) has been reported for -other North
American cacti (Heinrich, 1956; Fohnson, 1932), but this was not noted for A,

robuschii at any of the three study sites during the course of this study.

123



The rate and thoroughness of seed collection by ants varies widely with plant
density, ant species, and climatic conditions (Davidson, 1977a, 1577%; Smith et al.,
1989). ‘There were no obvious differences in the raie of seed removal from petri
dishes of from newly dehisced fruits on plants betwesn any of the sites utitized for
this study, even though colonies and populations were quite different with respect to

plant dénsity.

A high percentage of seed consumption is typical of arid areas, and anfs are
ofien heavily involved in this activity (Gutterman,. 1994). The fate of A, tobuschii
seeds once in the ant mound is not yet understood, however, so it can not be assumed
. that alf of ‘such seeds have been: permanently removed from the realm of eventual
germination, It has been reporied that removal of seeds hl£ﬂ mounds by some ant
species may ultimately prevent more seed loss than it causes, by providing seeds with
a refuge from small mammal herbivory (Bullock, 1989) or unusually sevese fires
(Hughes and Westoby, 1992}... ‘Oceasionally, germinable seeds are. removed from ant
mounds along with refuse, although some species of ants bury their refuse
underground, Whi.llﬁ other ‘species miove refuse to surface piles which may then

provide suitable sites for seed germination {Bullock, 1989; Levey and Byme, 1093).
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Results of the petri plate triats, along with observations of seed-bearing fruit
mrmwnts oﬁ plants, germinable seeds clullected from many plant carcasses, detection
‘of a modest seedt reserve, and evidence of occasional vertebrate frugivory; all indicate

that a portion of the annual seed production — perhaps up 10 15% to 20% — is at
least initially uvnrlmked or lost hy; oris somehow unavailable to the ants. Aats and
small rodents can also be of considerable importance in post-dispersal seed movement
and predaticn; however (Kaufmang ef al., 1991; Levey an_d Byrne, 1993; Hulme,
1994), z;ilthcfugh this facet of the seed ecology .of A. fobuschii has not been fully
| investigated, evidence for secondary dispersal by ants was observed while setting up
' .ﬁeld; seed exclosures, and indicates that those seeds which are initially uﬁavailablc or
lost by seed védmrs are not necessarily exempt from additional movement and

predation.

Several studies have identified invertebrate seed predation as conributing to
the decline of pbpulaﬁcms' of rare species (Menges et al., 1986; Hegazy and Eesa,
1991) and, if the role of ants were solely a destructive one with respect to A.
tobuschii seeds, this could be the case for this cactus alse. The limitation of seed
dispersal away from parent plants has also been shown %o be detrimental to successful
reproduction within plant populations, howeves (Chapman and Chapman, 1995). If

germination and establishment of those relatively few- seeds which are dropped by
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ants during transport or which are removed from the mound with refuse is sufficient
to compensate for plant mortality within the colony, however, ant dispersal of gﬂﬂds
away from parent plants could be a worthwhile stralegy f_or thig cactus. f.iuch
situations have becn reported for other plant specigs with both ant (Levey ard Byrae,

1993) and rodent seed vectors. (Wada and Uemurz, 1994).

Birds and larger mammals such as, e.g., rabbits, can play a substantal role
in seed dispersal of some plant species (e.g., Izhaki and _Safrin:l,_ 1950; Sargent, 1990;
Zedler ‘and Black, 1992), and may be of great imporiance o the establishment or
reestablishmerit of plant species info an area (Primack and Mizo, 1992). The role of
vestebrates in the latter regard can even be facilitated by arﬁﬁcia_]l}r m;reasing the
attractiveness of desired establishment areas to potential frugil.mres (McClanahan and
Wolfe, 1993). The occurrence of frugivery by birds or other verichrates, while
apparently of limited frequency for this species, may provide for occamonal longer
distance dispersal of A. mbw;dm seeds, perhaps to the point of allowing

establishsnent of new populations or colonies.

Based on the. tesufts of this investigation, seed germinability in the Tobusch
fishhook cactus appears to be highly variable between years, and reasons for this are

not readily apparent. Menges (1991) noted a positive correfation between percentage
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| seed éeminaiion and population size for another rare species, and be attriputed this
relationship to either increased geitonogomy or general inbreeding depression in
smailer populations. Variation in A. tobuschii seed germinability was generally noted
to affect each nf the study populations si:iﬁigrly during concurrent years, without
regard fﬂ population size. Possible causes for the observed year to year variation in
Tobusch fishhook cactus seed germination are as yet unclear. . Qther facets of
reproduction, namei},r flower prﬁducﬁan, fruit 'set,” and seed set, did not vary as
| widely d@g the period of this investigation (see Chapter 5). Reports for other cacti
show thﬁt seed germination percentage can be quite high, e.g., .88 percent
germ;naﬁcn for the orpan pipe cactus (Parker, 1987), and 50-60 percent for the
saguaro (Alcorn and Kurtz, 1959). Similar to the situation observed for the Tobusch
fishhook cactus during this study, however, a wide range in séed germinability {ca.

"1% to ca. 51%) has also been reported for the black lace cactus (Emmétt, 1989).

The greenhouse germinability assessment appears to'indicate that no prolonged

period of dormancy is required before seeds of this cactus are able to germinate, 50
if aﬁﬁears that environmentzl constrainés such as pre¢ipitation and/or temperature may
dictate the panﬂd of gémﬂnaﬁon in habitat. The period of highest gérmination noted
mﬁun exclosures at two of the three study sites — i.e:, from February through May

— ENCOMpasses the months of 'tjpicé]ly highest rainfall: for this part of the state
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(Bomar, 1983), although 1993 and 1694 local climatic records specific 1o period of

the field exclosure frials have not yet been assessed.

Safe sites are especially impostant. for the successful germination and
establishment of arid land plants because of the typically harsh climatic conditions
and large amounts of granivory and herbivory associated with these areas {Gufterman,
1994: McAuliffe, 1984, 1986; De Jong znd Klinkhamer, 1988; Fra_ncn and Nobel,
1989; Valiente-Banuet and Ezcurra, 1991). Germinaticn of A._:.oﬁmchii séds v..rithin
exclosures was approximately similar for each of the three microbabitat tyﬁes. This
indicates that, in the absence of ants or other potential saci:;ndary seed dispersers
which may .have been excluded from exclosures, the type of microsite does not
appear fo be especially important for enabling seeds of this cactus to germinate. The
survival of seedlings in each of these microsites past initial germination and early
establishment, and the relative protective quality of these different sites when ants are

present are not yet known, hbﬁever..

While a great deal of the earlier study of soil seed mrvés focused on secds
of weedy species in arable soils {e.g., see Roberts, 1981}, more recent work has
investigated the seed reserves of different and more natural habitat setfings (e.g.,

Johnson, 1975; McMillan' and Soong, 1989; Brown, 1992; Kinucan and Smeins,
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1992; also see Leck et al., 1989). Seed reserves have-been identified as often
important features of different arid-land systems (Gutterman, 1994}, and studies in
North American deserts have shown an average community-wide seed reserve density
of petween 8,000 and 30,000 seeds/m? (Kemp, 1989). Based on the findings of the
current investigation, the Tobusch fiskhook cactus appears not only to maintain a
relatively modest reserve of viable seeds in the soil but, to a limifed extent, mnuugst

the tubercles and spines of reproductive-sized plants as well.

Within arid-fand systems, the seed reserve may be distributed in an extremely
patchy manner, with soils in most areas nearly devoid of seeds, but with occasional
areas of substantial numbers of seeds (Reichman, 1984). While the soil sampling
" effort for this study was of limited scope in order to minimize disturbance to the
study plants, hence limiting the accuracy of ihe actual estimate presented, germinable
seeds were detected in the soil at two of the three sites, and the distribl.;tinn of these
seeds appears to be patchy and biased toward reproductive-sized adults. A study of
the soil seed reserve of another rare Texas cactus also noted substantial i)&tchiness in
seaqd distribution that was heavily skewed toward reproductive aduits, and an average
density of seeds that is comparable to the estimates presented in this investigation
(Emmett, 1989). The modest soil seed reserve maintained by 4. tobuschii may afford

this species some recuperative ability against the catasirophic disappearance of
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individuals and, depending on the duration of persistence of seed reserve seeds,

against loss of genetic diversity.
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CHAPTER 5.0 ANNUAL MORTALITY, REPRODUCTIVE EFFORT,
AND CHANGES IN PLANT SIZE IN THREE NATURALLY-OCCURRING
POFULATIONS OF THE TOBUSCH FISHHOOK CACTUS .

(ANCISTROCACTUS TOBUSCHID IN CENTRAL TEXAS
51 ABSTRACT

Mﬁrtality, reproduction, 2nd changes in plant size were motitored at two
population sites of Tobusch fishhook cactus for four g:unsacuﬁve years (BWM and
DSH), and at one additional site during two consecutive years (KPC). Individual
plant &iameter varied signiﬁcé.ntly between years, occasionatly resulting in an average

ecsease between anvual cénsusing periods; Tts value as-a measure of annual growth
is therefore somewhat limited, but plant diameter does appear to have useful
predictive value concerning the onset of sexual reproduction, reproductive output and,
to an extent, of impending senescence. Plant diameter may therefore be uscful in

delineating different life stages for demographic analysis of populations.

Annual mortality was high during ail years at BWM and DSH, but was maore
modest at KPC. Of the plants monitored in 1991, 55% at BWM and 69% at DSH

had died by the end of March, 1994. Grub infestation accounted for the:majority of
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aitributable mortality at all sites during ail years, and was probably responsible for
a targe percentage of mortality for which a cause was not discernable. Grubs of two
cactus-specialist coleopieran species were identified as causing such mortality:
Moneilema armata LeConte and, . especially, Gersiaeckaria nobilis LeConte,
Herbivory by larger mammals accounted for a small but constant portian of the
annual attributable mortality, although such activity was not always immadiately fatal
because many planis (especially at DSH) produced branches following mammal-

associated damage to the main stem..

For reasons which are not yet apparent, am:mal flower, fruit, and seed
production per plant decreased consistently and significantly at all populations during
- each year of this study. Amnual fruit set (fruits/flower) was generally cunstaﬁt at
near 70% throughout the course of . this investigation, while average seed
germinability varied widely between years, from populational annual averages of ca.

65% toca. 1%.
5.2 INTRODUCTION

The Tobusch fishhook cactus (Ancistrocacius robuschii W.T._ Marshall ex

Backeberg) is a sinall, tuberculate member of {he Cactaceae which is endemie fo the
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‘south central and western portions of the Edward’s Plateau region of Texas.
Individuals comprising several naturally occursing populations of A. mbu.aﬁ:ii af theee
locales — the Buck Wildlife Management Area (BWM), Kimble County, Tx.; the
Devil’s Sinkhole State Natural Area (DSH), Edwards County, Tx.; and Kickapoo
Ca\;ﬁms State Natural Area {KPﬁ}, Kinney and Edwards Counties, TX. — were
censused repeatedly over a period of four consecutive years (two consecutive years
for KPC). Censusing was conducted to gather information about the size structure
of each p;:upulaﬁu.n, and-the annval reprodiictive effort, mortality, and changes in size

of constituént individuals. -

For studies of plants especially, the size of an individual can be milch more
| infunnatiﬁe than age with regard to its reproductive potential and chances for future
" survival within the population (Werner, 1975; Gross, 1981; Fiedler, 1987; Piper,

1992). For long-lived perennial species, plant size and some knowledge of annual
chaﬁges in plant size can be used to estimate the age of a plant or cohort of planis
(c.£., Shreve, 1910) which, in conjunction with (¢.g.) local climatological records
from the estimated period of seed germination and seedlitg establishment, could be

useful in ﬁssessingﬂets of conditions necessary for successful plant establishment.
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Knowledge of the average rate of plant size change may also provide some
insight as to the amount of time necessary for a plant to reach the onset of
reproduction. There has been some speculation that A. fobuschii reaches reproductive
maturity in the field in as Little ds three years, and that the average lifespan for this
cactus may be as short as ca. 13 years, but the xaie of growth and timing of the onset

of reproduction has never been closely investigated (TPWD, 1984).

Growth, reproduction, and moriality in plants tends to vary with both timf_: and
place (e.g., Piper, 1992), but many studies present data relaied to these features
which were obtained from a one-time or one-population survey as being
répresentative of typical conditions (g.g., Parker, 1987; Hegazy a_:nd Eesa, 1992).
Censusing of different populations over regular time intervals is important in altowing
for ‘more accurate assessment of both typical conditions, and of the type and degree
of ‘environmental variation which populaiions may experience (_Hutchings, 1991).
With this in mind, censusinﬁ of plants for the cu.rre‘.nt invesﬁgatip_n was conducted
several times each year during 1991 through 1994 to investigate plant size distribution
and annual changes in plant size; annual flower, fruit, and seed production and seed

germinability; and annual mortality and the factors associated with plant mortality.
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5.3 MATERIALS AND METHODS

Yearly Field Censusing
Detailed descriptions of each of the study sites are provided in Chapter 1,

atong with the methodology used during the initial search for and marking of study

- plants at each site. The number of plants 4t each site which were included in

censuses at some point during the-cotirse’of the field study is as follows: 162 planis
af BWM; 504 plants at DSH: and 116 plants at KPC. In addition to' the regutarly
censused study pl:ints, plants in several separate colonies or populations at DSH and

'KPC were also utilized for ceriain other aspects associated with this study, but were

not included in the annual CENsUSIng.-

- To assess mortality, reproductive effort, and changes in plant size, populatons

were thoroughly censused several fimes each year. Plants at BWM and DSH were

. monitored each of four consecutive years from 1991 through 1994, while planis at

KPC were monitored during the two consecutive years of 1993 and 1994, The initial
annual census of all plants at each site was conducted during February or Maich.
During this early census each year, information was guthered from each plant

regarding whether the fllant was living or dead; the cause of death (if dt‘:ad}lor ‘lhe
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apparent gereral heatth (if living); and the number of flowers or flower buds borme

on the plant.

Also during the initial annual census, the stem diameter of each living

individual was measured to the nearest millimeter, and recorded.  Diameter

meéasurements were taken during February-March of each year because this period
was noted to immediately precede the onset of new growth for this cactus. During
1991, diametor measurements were made using a hand—hg:lt_! rulm:, while a dial caliper
was used to obtain diameter measurements during 1992 through 1994. The recorded
diameter for each plant for each year consisted of the average of two separate
measurements made across the center of the plant stem apex frcm mhe;cle ﬁp to
tubercle Gp, with the position of the second .;neasurement mmlted ‘appmximﬂtely 20°
from the position of the first measurement, Plant stem diameter can fluctuate
substantially with {e.g.) changes in soil water potential, especiaily for planis with 2

laige amount of cortical water .ﬁturag: tissue within the stem like xerophytic cacti

(Nobel; 1977; Mauseth, 1984), but other possible measures by which ta judge plant

size and size change in A.tobuschii such as plant height were noted to fluctuate to an
even greater ‘extent with changes in moisture. availability, Also, accurate measures

of plant height were not always obtainable due to the existence of obsmuctions such

- ag rocks or other plants around the cactus. In an attempt (0 minimize variatton in
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factors which could cause wide changes in plant diameter, annual measurements were
taken during the same period each year, although no attempts were made o time field
‘measurement to a specific set of environmental conditions such as {e.g.) weather or

soil moisture conditions.

In late April or early May of each year, plants were recensused 1o determine
fruit production on those plants which had produced flowers earlier that year. A
subset ofr faturally-occurring fruits was collected.at this time to aflow evaleation of
annual seed production and seed germinability; fruit collection and processing
protocol are discussed in detail below. Mortality. and general health were also
assessed on 2ll plants during the April/May censuses. During 1991 through 1993,
censuses of all plants were also conducted during the month of hugu;t to evaluate

mortality and general plant appearance.

For plants which were found dead at the time. of a census of .!during other
project-related activities, carcasses were examined and the cause of death recorded,
" if determinable, In many cases, grubs.(larval Coleopters) were found within the
pla;lt temains, and voucher specimens were collected at each site during all years to
 ailow later speciés identification. Vouchers were collected by either directiy placing

the larva into 90% BiOH, or by collecting entite plant carcasses back 1o the
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laboratory in Austin, where they were planted in' pots to allow maturation of the
irisects to the adult phase. Upen emergence,. adult beetles were placed in a kill-jar
charged ‘with EtAc. Afier several days, specimens were removed from the killjar,

pinned, labeled, and stored in an insect box for later species defermination.
Fruit and Seeq P ion

To allow estimiation of the average annual seed production, one naturatly-
produced near-mature fruit (i.e., of ripe appearance but which was not yet split open}
was collected from each of a randomly chosen subset of plants within each population
during field visits from late April through May of each year. In order to minimize
the impact on the study population, collection of fruits washmted to no more than
ca.20% of the total number of fiowers produced at each site for a given year. When
available, fruits were collected from nearby unmonitored plants to minimize further

the impact on the study pﬂpﬁ!aﬁon.

Fruits were transported to the laboratory in Austin, where they were carefully
split open and allowed to air-dry at room temperature for a period of 1 to 2 months.

After fruits were dry, seeds were removed from the fruit, cnuntpd; treated with a

commercial -fungicide (Ferti-lome with benomyl), and dry-stored in individual
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labeled, capped bottles in refrigeration (ca. 8°C) wntil used in germination trials.

Germinability assessnient protocol and resuits are presented in Chapter 4.
rvey fi turally-Occurring Seedlin

Relativély few naturally-occurring A, fobuschii seedlings (i.e., stem diameter
< 11 mm) were encountered during routine population censusing and performance
of other ﬁeld tasks. Of the few seedlings which were discovered during 1991 and

*1992, the overwhelming majority occurred within several centimeters of a monitored
’study plant of repmdtictive size. While the almost exclasive discovery of seedlings
whicﬂ were associated with Iarger plants was due at least in part to the greater focus
of attention given to the area immediately surrounding larger. study planis, the small
“size and extremely inconspicuous nature of Tobusch fishhook cactus seedlings also
contributed to their inﬁ'equf:ﬁt discovery. Several sampling strategies were thercfore
utilized to locate ﬁddiﬁunal seedlings at each site in order fo obtain a larger sample

from which 1o monitor size changes and mortajity in this smallest size category.

It was decided that the survey for seedlings should be performed biased to
reproductive-size planis at BWM, where A, tobuschii plants are relatively few in

number and generally occur as diffusely-spaced individuval plants or small gi-oups,
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because it was felt that sampling throughout the various colonies would probably
prove fritless, In March, 1993, the area within a one-meter radius cenfered around
each reproductive-sized plant at BWM was surveyed for additional seedling and

juvenile-sized plants.

A sampling strategy which: was not biased to reproductive-sized plants was
performed within several sites at the more denscly-grouped DSH and KPC
populations. In March, 1993, three transects werc established within the Iargest
monitored colony at DSH, and two transecis were established within each of five
other monitored colonies at DSH, and within the two monitored colony sites at KPC.
Two of the three transects at the Iargest DSH colony were aligned parallel to the
slope of the Hill on which the majority of known planis were growing, and one
transect was placed perpendicutar to the first two transects. The two transecis at all
other sites were placed perpendicular to each other, with one parallel and one
perpendicular to the slope at the colony site or, when the site was approximately |
level, the tsansects were aligned perpendicular to each other along the major compass
directions. De:penqmg on the areal coverage of a colony, transects ranged fmrﬁ six
to sixteen meters in length; samphng was conducted at one-meter intervals along the

transects, within a 0.15 meter radius circular quadrat centered around each sampling
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| point. When seedlings were located, they were tagged, mapped and mogitored as for

all plants.
Statistical Analysis

Thé majority of stafistical analyses of data collected during this portion of the
invcstigaﬁun were performed using SYSTAT version 5.0.3 statistical software for
.. IBM PCI-mmpaﬁhle. cumputers' (SYSTAT, Inc., 1990), =lthough some of the
sumﬁar_v si‘aﬁsﬁ.cg were generafed using the Q%A vers_inn 3.0 dasabiase management

program for IBM PC-compatible computers (Symantec, In¢., 1988).

The anniual change in plant diameter was determined for individual plants
which were alive and measured during the early annual census of consécutive years
(e.g., Feh;'ua:ym{arch 1991 and February/March 1992). Annual diameter changes
Were the:n compa'réd for each site between years, and betwéen sites over all years,
using a :m.ro-wa.y aha'l:ysis of variance (for BWM and DSH during the period 1991
through 1994), or a one-way analysis of variance {for all three sites for the 1993-
1994 diameter change only). When appropriate, significant difierences from
AND\fAs'weré' further determined using Tukey multiple comparison tests. One and

two-way ANOVAs of annual diameter changes for individual plants were used instead
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of repeated measures ANOVAs of annual plant diameter values for the entire
monitoring period because high mortality limited the number of piants which werc
able 10 be measured during each year of the entire field censusing effort, and because

many plants were added to census populations after the initial year.

Annual mortality was determined as the percentage nf_plants which wese
imown to have been alive after the end of one early census perind,_ but which had
died by the end of the next early census period (€.g., alive on or after 1 Apﬁl 1991,
but dead on or before 31 Mazrch, 1992). Contingency iables. were constructed fo
allow comparison of “between site” and "between years" diffen_ances in annual
mortatity. A three-way log-linear analysis and G-test were used to detect statistically
significant differences in annual mortzlity for BWM and DSH during the period 1991
through 1994. - A two-way log-linear analysis and G-iest were used to compare
differences for all. three shudy populations for the one-year period 1993-1594, Log-
linear models were.chosen for these anzlyses because the dependent variable (plant
condition — alive or dead) is an atéiribute, and not a measurement variable {Suﬁl and

‘Rohlf, 1981}.

With few exceptions, flower, fruit, and seed production in the Tobusch

fishhook cactus was limited to those plants which had attained a stem diameter of
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greater than 20 mm (see Appendix A, B, and C for data summary tables). Annual
datasets for these reproductive features which were subjected to statistical analysis
were therefore limited o only those plants which were 21 mm or larger during the
year for which data was recorded. Annual data for flower production is reported as
the nusinber of flowers per repruduéﬁva—sized plant ("flowers/plant"®); fruit production
is reported as both the number of fruits per plant which actually produced flowers
that year (“fmitﬁfﬂuweﬁng piant"), and as the percentage of flowers which resulted
in a f'ult ("fruit-set”); seed production i reported as the mumber of seeds per fruit;
" and seed germinability is reported as the percentage germination of seeds per plant
{usually ﬁom one frﬁit}, as assessed in the campus grawth chamber. Kruskat-Walls
tests were used to analyze flowers/plant, fruits/flowering plaat, and fruit-set data, to
" test for statistically significant differences between sites within years, and between
years for each site. Nonparametric tesis were employed because dependent variables
in each of the above datasets were not cortinuous (flowers/plant, fruits/flowering
plant), or residuals were not normally distributed, even following transformation
(fruit-set) (Sokal and Rohi, 1981), ‘Data for sced production and sced germinability
(square root transformed) did meet the assumptions of analysis of vaiiance, 50 two-
way ANOVAs were performed to test for statistically significant effects of site and
year on both of these variables. Two-way ANOVAs were 1un io test for significant

gifferences in annual seed production and germinability between sites and years for
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BWM and DSH during each year from 1991 thzough 1994, while anather set of two-
way ANOVAs was run to test the same features for all three sites during 1993 and

1994,

Finally, one-year changes in flower and fruit production for individual piants
were also analyzed for significant differences between sitas and between years.
Annual flower and. fruit change data were gathered from repmducﬁye—;ize planis
which were censused. during any two consecutive years {.e., IEIrEII-IE?#QZI1r 1992-.1993,
and 1993-1994). Such plants were placed into one of three categories; a} ﬁmduced
one less or fewer flowers/fruits during the second year than t_he ﬁrst.; b)l produced the
same number of flowers/fruits both years; and, ¢) produced one more or greater
fewers/fruits during the second year than the first. Contingency fables were
constructed for these data, and three-way log-linear models employed to test for
sipnificant site and year differences for BWM and DSH during each of the three one-
year periods. Two-way Mg-ﬁnéar models were used 0 tf_sstfur_ significant differences |
in flower-change and fruit-change between all three sites during the one- year perioi

1993-1994.
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5.4 RESULTS R f
* Plant Diameter

Census data collected at aat*;h site shows average annual changes in individual
plasnt dlamatar of from near one tn several millimeters per year (Tables §.1, 5.2, ard
5. 3} Parhaps the most ‘noteworthy feature of these data it the negative average
diameter change recorded for BWh and DSH during 1992- 1993 (and for those plants
censused during both 1991 and 1994 at BWM), whicl_l in.dicatgs that plants actually
_ decreased in diﬁmetg; between these two censuses. During all other years, plants

showed a slight to modest average increase in diameter.

The ﬁo—way analysis of variance of annual diameter ckange djﬁemnaes for
BWM and DSH from 1991 through 1994 ﬁdimm that differences between the two
sites for each -set of years were signiﬁdant (P{ﬂ_’.{]ﬂl), ﬁnd that differences within
sités betwsen sets of years wese also significant (P <0, []01} (Table 5.4}. A Tukey
multlple comparison test indicated that all dlffercnces befween sets of years were
_ stanstlc:aliy mgmﬁcant D’l.ﬂIﬂEt&I change differences between ail three study sites

during 1993-1994 were judged not significant by the one~-way ANOVA (Tahle 5. 5}
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Table 5.1. Summary of plant diameter and average plant diameter change for census plants at BWM.
Plant diameter is io millimeters. “Number of Plants® includes thoss which were alive and censused
during February/March of the year listed, and those which were newly discovered after March but
before the end of Augnst of that year ("Diameter Undetermined”). "Diamater Change” is the mean
change in diamefer (mm) for plants which were measured during both of the yeazs listed in the columm
heading (and the number of plants the average is tased upon), categorized by the plant diametar
measured during the first year of the column heading. The & standard error of the mean is provided
for the aversll average annual dismeter change. Note that the final column covers a three-year
increment,

Number of Plants Piameter Change

| 1991 | 1992 l 1093 | 1994 § 9192 9293 | 9394 || 91-94
01-10 | 40 8 | — | 00 | +10 ] — &
(1} (18)
. 11-20 g 15 | 19 4 f229]| 10 | +274 +5.0
_ . . (6} (14y | (14) {5)
21-30 150 26| 2 | » || +0s| 7| +13] +18 |
. (13 | (18) | 9 & ]
31-40 21 25 19 18 [ +17] 29 ] 0zl 05
(a4 | @ | A7) (10}
41-50 10 o 8 01| 58| 16| 58
M (8) (5) {4)
5160 . 11 g | 2 w31 | -81 | 220 3.4
{7 )] (L) (5}
5170 2 2 2 10| .15 | oo || 00
{2} (2} (2) )
Diameter 18 | o 1 e | —
Undetermined
# of Branches 2 3 3 _ | — ] -
# of Plants | 1 2 2 —_— ] — | —
115 +1.5| 5.0 | 209 || 02 |
' (£0.6) [ {£0.4) | (0.{] (£1.2)
(50 | GO) | (BD) 31
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Teble 5.2. Summary of plant diameter and average plant diameter change for census plants al DSH.
Plant diameter is in millimeters, *Number of Planis" includes those which were glive and censused
during February/March of the year listed, 2nd those which were pewly discovered afier March bhut
before the end of August of that year ("Diameter Undetermined™). “Diameter Change® is the mean
change in diameter (mm) for plants which were measured during hoth of the years listed in the column
heading (and the number of plants the average is based uped), categarized by the plant diameter
measured dusing the first year of the column heading. The + standard error of the mean is provided
for the overall sverage snnusl diameter change. Note that the final column covers a three-year

increment.

ﬁiamatet Change

L9295

9393 || 91.94

01-10 8 16
11-20 56 63
21-30 49 | 70
3140 47 | 40
41-56 15 12
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Table 5.3, Summary of plant diameter and average plant diameter change for census plantz at KPC.
Plant diameter is in mitimeters. “MNumber of Plants” includes those which were tlive and censused
during February/March of the year listed, and those which were nswly discovered after March: but
before the end of Augnst of that year (“Diameter Undetermined”). "Diameter Change” is the mean
change in diameter (mm) for plants which were measured dusing both of the years listed in the colum
heading (and the number of plants the average is based upon), cafegorized by the plant diamefer
measured dusing the firt year of the column heading, The & standard ercor of the mean is provided
for the oversll aversge annual dismeter chasge. -Note that the final colwmn covers a three-year
increment,

Number of Plants
1991 | 1992 | 1993 | 1994 || 9192

Plant Diameter

01-10 o — | — 1 %
': 11-20 ] — | — | 26
21-30 | — | — | 24 H‘
3140 e — e | o | — | — ] H4A
| | m ‘
41-50 i | — i0 3 —_— — ) -
. ' (8)
51-60 —_ 6 5 | 13| — ‘
_ 61-70 — —_
Diameter Undetermined || —— | _
| . # of Brenches | — -
Pu: -
S # of Plants — _
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_Table 5.4. Two-way analysis of variance on the effect of year and site on plant diameéter change for

RWM and DSH during the one-year pefiods 1991-1992, 1992-1999, and '1993-1994, Significant

- differences are discussed in the text. :

S —— e — . e — ol = .. .- e — e ——— e — .
ANALYSIS OF YARIANCE . :

Source Sum-of-Squares DF . Mean-Square - F-Ratio P
Year | 18060 . -2 9.0 63.021 < 0.001
site 29712 P . 297 30652 < 0.001
Yerr*Site- 0504 2 - 0302 2097 - 0124
Emoe © 97.580 678 T S B

: : B - . -

Table 5.5. One-way analysis of variance-on the effect -of site on plant diamster change for sl three
study sites during the one-year period 1993-1994 '

o ANALYSIS OF VARIANCE
Source ~ Sum-of-Squares DE Mean-Square F=Raﬁo P
Site 0.372 2 - 0.186 1.487 0,228

Error : 42,516 -0 0.125

" Annual mortality was greates than 20% ai BWM and DSH duﬁng each of the
three one-year monitoring periods, while mortality was a more madest 9% at KPC
during 1993-1994 (Tables 5.6, 5.7, and 5.8). No statistically significant differences
in annual mortality were detected between BWM and DSH during 1591 through

1994, or between years for cither of these two sites (Table 5.9), but differences
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Table 5.6. Summary of mertality for BWM. Plant diameter ;s in millimeters. Columns provide the
sumber of plants which died from Aprif of the first year through March of the second year in each
column heading, due to U = undetermined cause, M = mammal gctivity, or G = grub infestation.
% and Total % indicate the mortality percentage of the total number of plants whick were known o
have been alive &t some point between April and March of the years in each column beading. Nofe
that the final column covers & three-year increment. -~ -

1992-1993
M

between all three sites during the 1993-1994 one-year period were gignificant

(P <0.001) (Table 5.10).
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Table 5.7. -Summary of mortality for DSH. Plant diameter is in millimeters, Colunins provide the
number of plants which died from Apri of the first year- through March of the second year in each
column heading, due to F = undetermined cause, M = mammal activity, or G = prub infestation.

- % and Total % indjcate the mortality perceatage of the fofal number of plants which were known to
have been alive at some point between April and March of the years in each column heading. Note

that the final column covers a three-year increment.

1992-1993 . 1993-1994 !?l_
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By far, the most common discernable factor associated with A, tobuschii

. mortality at all three sites during 1991 through _1_994 was prub inrestation. It is

probable the grubs were also responsible for a suhsmntia.l poriion of the undatcfnﬁned
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“Tahle 5.8. Summary of mortality for KPC. Plant diameter is in millimeters. Columns provide the
pumber of plants which died from April of the first year through March of the second year in each
column heading; dus to U. = undetermined canse, M = mammal activity, or G = grub infestation.
%, and Tota] % indicate the moriality percentage of the total aumber of plants which wem known to
have been alive at some point between April and March of the years in each column heading, Note

that ptants in this populstion were only censused during 1993 and 1994.

Plant Dismster ||  1991-1992 1992-1993

1993-1994 1991-1994

M| G

| U

01-10 —_—

11-20 —_—

21-30 —_

40—
- 4150 —
5160 —_
6170 q_

Undeterminad

: ¥ of —
‘ Pups | Branches

a1 — L — [ s I —

plant deaths, but carcasses of many plants thus classified were found which had been
destroyed or had decayed to a p-cﬁnt which prevented identification of the cause of

death. There were alsn.instames when no plant remnanis were found, and this was

[ of Plas | == )y e |

&

ran

especiaily true .fﬂr plantﬁ in the smallest diameter category in 1993-1994. It is quite 8
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Table 5.9. Contingeacy table constructed for a three-way log-linear analysis of differences in annual
mortality between the study sites BWM and DSH during the one-year periods 1991-1992, 1992-1293,
and 1993-1964. Plant condition was assessed during February - March censuses of the latter year in
each annual couplet for plants known to bave been afive at some point during April through March of
that one-year period, Results of a G-test are zlzo provided,

: NUMBER OF PLANTS (% OF TOTAL)
YEAR
ALIVE . DEAD

199i-1992 | 57 (65.5%) 30 (34.5%)
BWM T 19821993 68 (77.5%) 20 (22.5%)

1993-1994 84 (73.0%) 31 (27.0%)

1991-1992 203 (72.2%) 78 (27.8%)
DSH 19921993 250 (78.4%) _ T8QR18%)

1993-1994 203 (65.5%) 104 (34.5%)

¥ =68

P =0.149

-+ likely that many of these "seedlings® succumbed to extreme desiccation during the
~ rain-free months of .Iuly and August of 1993, Mammaiian acﬁﬁtie:s’ generally
accounied for only a small pementage.ut‘ ihe total annual murtalj:ty at each site,
. although. a portion of the mortality fm; whic_i; the cause was not de&mﬂnéhle may
have also been caused by mammais. Activities by which :mamﬁmls caused the death
of Tuhusch fishhook cactus plants included not only direci heﬂ:imr},r of plants, but
also incidental destruction of plants during {e.g.}.mﬁma] t‘uragiﬂg; Damage by
mammals was not always immediately fatzl to plants, as many plants which had
+, sustained obvious mammalian damage (o the above-ground portion of the stem were

observed to later produce one or more "pups” (branches) from the b::luw ground
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portion of the stem, No Tobysch fishhook cacti were observed to survive obvious

 grub infestation, however.

Table 5.10. Contingency table used for a two-way log
mortality between all theee study sites during the o

linear analysis of differcnces in annuat
ne-year period 1993-1994, Plant condition was

messeadduringths1994Fnhmary_-Marchcansusfmphntsknmmhavebamaﬁvantmpuint

during that one-yesr pericd (L.e., April - March, 1

NUMBER OF PLANTS (% OF TOTAL)

903-1994). Results of a G-test are also provided.

SITE .
ALIVE  DEAD
BWM 84 (73.0%) 31 (27.0%)
DSH ' 203.(65.5%). 104 (34.5 %)
RPC 104 (904%) 11 9.6%)
¥ = 28,73
P < 0.001

At least two species of beeties .{{.;‘uleup'tera) 'were. id_g:ntiﬁed from adult

specimens which had been collected in the lafval'stage within dead or senescent A.

tobuschii, and allowed to mature in the laboratory. " Positive identification to species

could not be made for the tarval voucher spmmn:ns - By far, tlie most common

beetle species collected from the Tobusch fishhook cacius during the course of the

field investigation was Gersiaeckaria nobilis (LeConte) (Curculionidag), a cactus-

specialist weevil. As many as four grubs of this species were collected from

individual A. tobuschii planis, although one or fwu grubs per cactus was more

typical. Numerous curculionid grub specimens were collected at BWM and DSH (but
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nat KPC) during each of the four years which these:populations were studied, and
all specimens which were allowed to mature to the #dult stage in the laboratory have
been identified as G. nobilis. Curculionid specimens which were preserved in the
" Jarval stage probably also belong to this same genus and species (E. Riley, Tx. A&M
Entumniﬂgj* Dept., pers. comm., 1.99'5). Gerstaeckarig nobilis accounted for at least
85% of the grub-related mortality observed at BWM-and XPC during the course of
{his study.  Another 'caf:u.ls-speciﬂjist beetle, Moneilema crassum LeConte
{Cmmb},lrcidaﬂ}, was collected as a larva within A. fobuschii from a fourth site
(Dolan Creck Ranch, Val Verde County) and matured to the adult stage in the
laboratory. Cerambycid grubs which were simifar in appearance to the M. crassum
| specimen were also collected from Tobusch fishhook cactus at KPC and BWM (but
not DSH), and are probably also this safie species (E. Riley, pers. comm., 1995).
" 1If this is the case, M. crassum accounted for the remaining grub-related mortality at

BWM and KPC.
Reproduction

For plailts of reproduﬂﬁﬁe size (i.e., > 20 mm diameter), average flower and
© it pmduétlon showed a general year-to-year decline during the couzse of this study,

‘with the exception of flower production at KPC. Flower and firuit -pmducﬁun
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dropped by ca. one-half of the 1991 average by 1994 at BWM and DSH (Table
5.11). The average decrease in annual flower and fruit production was noted for all
plant diameter categorics (See Appendices A and B). Statistically significant
differences in flower production between sites for individual years were detected only

during 1994 (Kruskal-Wallis (K-W) test; P <0.05), while between years significant

differences were detected for BWM (K-W iest; P<0.001) and DSH (K-W test,
P < 0.001) but not KPC. Significant differences in fruit production were detected
between sites during 1993 (K-W test; P<0.05) and between years.at BWM (K-W

test; P<0.00i) and DSH (K-W test; PP<0.001).

Data for one-year changes in flower and fruit production for individual plants
slso indicates that a general decline in these features ocourred during the course of
this field investigation (Tables 5.12 and. 5.13), No significant differences were
detected between populations and between years for the percentages of individuals in

the three flower- or fruit-cha‘ﬁgE categonies.

The percentage fruit-set varied somewhat between years and sites, but was
generally atound 70-75% of the flower preduction (Table 5.11). Statistically
significant differences in fivit-set were defected between BWM and DSH during 1992

(K-W test: P<0.05), between all three sites in 1993 (K-W test; P<0.001), and
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Table 5.11. Summary of reproductive effori at each suidy site during each menitoring year. Thig
> 2.0 ¢m stem
diameter} during the February - March census of the monitoring year, which were not included in
manipulative field pollinaticn trials, and which were not "pupped” plants. Statistically significant
differences have been assessed at the fellowing fevels: 1) for each site between years, and 2} between
and "Seed Germinability™ are provided in

" table contains dita from oaly those plants which were of reproductive size (i.e.,

sites within each year. ANOVA tables for SeadsfFrult'

ns = oot 5|gmﬁmm1
* Data analyzed using Kruskal-Wallis tests.

¥ Data analyzed using two-way analysis of variance pmcadures
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Appendix Iy,
Flowers/Plant ? .FTI..IitSJ"FItleI'illg Percent Fruit-Ser *|  Seeds/Froit* Seed
- Plant * Germinability *
) 1 {2 1|2 L] 2 1| 2 _ |2
BwM | 30 |esbos] 26 [ o |ns| 766% |o%| s | 542 | **| os |e5:6% ns
(£0.3) (+0.3) {£5.7) (t4 3 _
199 DSH | 27 |+ 26 |*=| | 77.7% [n= 48.3 [+ 14.2%
1(x0.2) (£0.2) (£5.0¥ Jezs {+6.1)
| Bwni| 23 o] L6 ns| 55.4% | {429 ns | 23.9%
. (+0.3) (00| {+£6.8) | {+6.6) (£7.1)
1992 D$H | 2.7 | 20 | 71.1% - 36.5 25.5%
(£0.2) (0.3 {+6.2) (£d.4) (£5.1)
BWM [ 1.9 | i3 52.1% 33.5 45.2% |
(+£0.2) (£0.2) {£6.5) (+6.3) (+6.0)
. 1993: DSH | L5 sl 1.6 +| 96.0% wee| 320 w | 53.8%
(£0.1) {+0.1) (£3.9 (+3.5) (&34
EPC | t6 | " 21 | n= gi.7% | * 46.0 [ s 67.1%
{(+0.2) (9.3 (t4.3y | (+7.0) (£6.7)
BWM | L6 1.3 72.3% 31.8 1.1%
' (+0.2) (0.2 (L6.7) (10, (£L.1)
. %
1994 DSH | 1.3 vl 15 as| 62.6% ns | 29.% os | B.9%
(£0.2) (+0.2) {+6.8) (£5.9) (£5.0)
KPC | L7 16 67.5% 30.6 1.3%
“ (+6.2) (0. 3] (£7.1) (+8.2) (£ED
*P < 005
*=* P oo .01
**¢ P o 1001



. Table 5.12. Contingency table constructed for three-way log-linear analyses of one-year changes in
flower and fruit production for individual plants {i.e., monitored both years of the couplet) for thiee
consecutive vears at BWM and DSH. Results of G-tests are also provided. '

 NUMBER OF PLANTS (% OF TOTAL) . _ |
-1 or Fewer No Change +1 or Greater
Flowers 12 (55%) 5(23%) 5 (23%)
IR prviee 3 {42%) - 4(33%) 3 (25%)
Flowers 4 62%) . | 12(3t%) 3 (8%
BWM 19921993 Froits | = 14 (48%) - 11 08%) | 4 (14%)
: _Flowers 22 (48%) T8 (%) - 6{13%)
19934994 [Ty | argamc | o1 (34%) 10 (31%)
? Flowers | V7 (68%) 5% | 3(2%)
19911992 1 gy 12(36%) © |  8(2%) 13 (30%)
Flowers A7 (43 %) 28 {33%) 21.(24%)
osp LR pits 13 57%). 1G0% | - 303%)
Flowers 26 (37%) .31 (44%) 14 (20%)
9931994 1 o 12 (36%) | 8(24%) 13 (39%)

Fiower change: x> =940 P =0.152
Friit.change: 3x° = 8.97 P =0.175 '

within sites between mnniidriﬂg' years for BWM (K-W test; P<0,01) and KPC (K-W

test; P<<0.05). .

Seed production also showed a general decline during the course of the fieid
investigation, from ca. 50 seeds per fruit for both BWM and DSH in 1991; to ca. 30
seeds per fruit for all three populations in 1994 (Table 5.1%). Two-way A:ND‘IAS

detected no significant differences between sites during any one year, but significant
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* Table 5:13. Contiogency table constructed for two-way log-linear analyses of 1993-1994 changes in
flawer and fruit production for individual plants (i.e., monitored during both years) ai all three study
sites. Results of G-tésis are also provided.

SITE ' NUMBER OF PLANTS (% OF TOTAL)
-1 or Fewer No Change +1 or Greater
Flowers 22 (48%) 18 (39%) 6 (13%)
BWM :
Fruits 11 (4%) 11 (34%) 10 (31 %)
Flowers 26 (37%) 31 (44%) 14 (20%)
DSH Feuits 12 (36%) 8 (24%) - 13 (39%)
Flowers i2 (279%) 17 (39%) 5 (34%)
KpC Fruits 17 (61 %) 5 (18%) 6 (21%)
Flower change: x* = 7.43 P =0.1i5
*'Pruit change: ¥ = 6.01 P = 0.19%

"within site” differences were detected for BWM and DSH between 1991 and each

of 1993 (Tukey MCT; a<0.01) and 1994 {Tukey MCT; a<0.05) (Appendix D).

Average per frnit germinability of naturally-produced Tobusch fishhook cactus
seeds ranged widely during the course of this investigation, from a high of ca. 67%
for KPC in 1993, to a low of ca. 1% for BWM and KPC in 1994 (Tablé 5.11). In
general, 1991 and 1993 appear to have been years of relatively high seed
germinability for all monitored sites, while seed germinabiiity was more modest in
1992 and extremely low in 1994. The two-way ANOVA procedures shiowed that
significant différences i germinability of naturally-produced seeds occurred between

years for each site, while no sigaificint differences were detected between sites
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within each of the years (Appendix D). Statistically sigmificant inferactive effecis
wese also detected between BWM and DSH during the period 1991 through 1994
For .the four year, two site comparison, "between years" differences in mean
| gemina.ﬁility were all signiﬁcaﬁt (Tukey MCT - 'a< 0,08), with the exception hf

between 1991 and 1993 (Appendix I)).
5.5 DISCUSSION

Stem size has been used to estimate growth in other cacti (e.g., Stecabergh
and Lowe, 1983), but such studies ofien measure stem height rather than diameter.
Field ohservations of the Tobusch fistihook cactus by others. (B.1.. Westlund, pers.
comm., 1990) as well as those made early in this smxdy indit;atqd that plant height
was much more varizble than plant diameter in response o (e.g.) changes in moistire
availability. Plant diameter was therefore chosen as the measure of plant size to be
used in this investigation, ami.m.i}r prove useful for similar studies of other globose

or hemispherical types of cacti as well..

Because -of the ability of succulent stem tissze to shrink and swell with
changes in moistire availability, plant diarneter is not an entirely accurate measure

. of plant growth rate for the Tobusch fishhook cactus. Plant diameter showed annual
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changés of only several millimeters, and.occasionally showed a substantial decrease
between years. The average three-year change il.'l-plal;lt diameter for individual plants
‘which were monitored duting 1991 and 1994 was also.only several millimeters and,
again, a decrease in size was noted at one sitc {(BWM) even over this three-year

period.

Whilé desiceation due to lower moisture availability between census yeass
probably e;-\cplains at least a portion‘of the diameter size decrease noted for some
" plants; plant senescence may have also contributed to this. Data records for plants
" which eventually died due to {e.g.) grub infestation often show a decrease in diameter

dunng at least the most recent census conducted prior to plant death, and in this way

 the measurement of plant diaméter is of some predictive wtility.

Piasit size is a good predictor of the onset of reproduction in many &ypes of
'plants, with the general exception of anmuals (Lacey, 1986).. Studies of cacti have
shown plant size (Parker, 1987) and plant voluine (Johnson, 1992) o be adequate
ineasures of ihe onset of reprodiciion. During the course of this investigation, plant
diametf:f proved io be a somewhat accurate indicaior of the onset of sexual
reproduction in the Tobusch fishhook cactus, as very little reproductive cutput was

noted for plants below ca. 21 mm. Diameter may also have useful predictive value
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-for ptant reprodictive effort in general. Fucther investigation into the relationship
of plant diameter as d possible indicator of the degree of rﬂpmducti_\f-: cutpui (i.e.,
flowes, fruit, and seed production) couid prove this measurement useful as a marker

of life stage boundaries for demographic analysis. .

Although not a highly accurate measurement for exact quantification of plant
growth, repeated c¢ensusing of the stem diameter of individuals over four consecutive
years during the same period each year does provide some insight into plant growih
. rate. There has been speculation that Tobusch fishhook cacti are relatively fast-
" growing and shost-lived, ataining réproductive size by about the third year followiag

seéd germination, and not Jiving past thirteen years (TPWD, 1984). Based on yearly
diameter change measarement data coilecied during this smd;rl, however, it appears
that this previous report may have greatly overestimated. the rate of growth of this
cactus. Using the highest three-year average diameter change for plants undef 21
mm obsesved during this swdy (i.e., +7.3 mm for plants 11-20 mm diameter at DSH
from 1991-1994; ca. +2.4 mm per year), plants wonld still require nearly Line years
to attzin a diameter at which the onset of reproduction typically occurs. Similarly,
using the highest nvelrall three-year average for plants of all sizes (i.e., +3.5 mm at
DSH fmm-19§1—1994;f ca. +1.2 mm per year), twenty-five years would be required

for a plant to- attain an even modest size of 30 mm diameter. The stein diameter of
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mary plants at all three sités was measured at 40 mm 10 over 60 mm and, based on
the above average diameter increase, the largest indi';riduals could be over fifty years
" ofd. Such cafculations of diameter increase do mot take inte account the potential
occurrence of cccasional years when "ideal” environmental conditions for growth
exist, however, and it may be that increases in plant size occur which are much
greatey {iur'iﬁg such periods than those recorded during the four years encompassed

by this study.

Annual mortality was very high during ail vears for BWM and DJSH, while
mortality was significantly lowes at KPC during the ong-year period in which this site
was monitored. Grub infestation was by far the most common verifiable factor
associated with moriality at all three sites and, because many of the plant deaths for

- which the cause was undeterminable were probably aise associated with grub
infestation, it was likely the most common factor overall. Certain types of moth
larvae (I’asénﬁrfa sp.) have also been implicaieﬂ in A. ‘tobuschii mortality (A.
-Zi:mﬁm.nan, pets. conm., 1992), such has been reported for other small, rare cacti
(Donnell, 1988), but no evidence of moth-related mortality was witoessed at any of

the three sfudy sites dﬁrijlg ‘the course of this investigation. -
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One species of weevil, Gerstaeckaria nobilis (Curculionidae), appears (0 have
heen responsible for approximately 85% of the grub-related mortality at BWM ard
DSH, but this species may. be less common at KPC. Previous reports indicate that
the western-tiiost collection record for this species is from Uvalde County, so G
nobilis appears may be near the edge of its distributional. range around the vicinity
of the study sites monitored during this study (Mann, 1969). While this sPecies_is
a cactus-specialist, it has been described in the past as oceurring only on various
species of chofla and prickly-pear cacius (Opuntia spp.) (Q’Brien, 1970).
. Gerstaeckaria nobilis weevils were seen and collected guring different time periods
throughout each year, and Mana (1969) states that this species probably produces two

to thrée generations. anmually.

Another species of cactus-specialist beetle, Moneilema armaia, appears to
have been responsible for the remaining portion of overall grub-related morality.
This species, or grubs which ate fikely to be this species, wete collected at BWM,
KPC, and from an unmonitored population in Val Verde County. Althcugh
specimens were ot collected at DSH. during 1991 through 1994, this site is focated
between BWM and .KPC, so it is certainly possible that M. armara could occur at
DSH as w;:]l_, .This species has been recorded from Fort Stockton southward through

Brownsville, and is peneraily found within 103 miles of the Rio Grande (Mann,
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1969). If the BW'si}ecimms' are in fact M. armata, they could represent the
northeastern extent of the knowi .ra.nge of this specie.:s. As with G. robilis, previous
:reports indicate that M. armata has been collected only on Opuntia spp., and that this
species probably undergoes more than one generational cycle per year (Mamn, 1969).
The congener M. giga& LeConie islrcpnrtedljr associated with mortality of the rare
acuna cactus (Echinomastus erectrocentrus (Coulter) B.& R. var. acunensis

(Marshall) Bravo) in southern Arizona (Fohnson, 1992).

Mortality that was obviously attribuiable to m_aummlian activity was only
about 5% p.el.: year, although the unatributable complete disappearance of smaller
plants could have been due at least in part to mammalian herbivory. Evidence of
mammalian herbivory of lafge.r plasits (i.e., > 10 mm diameter) mciuded the
" occasional complete removal of the above-ground stem of plants, often ini association
with the occurrence of naked spine ¢lusters scattered within several decimeters of the
plant. Herbivorj was ﬁut always immediately fatal to the cactus, however, as many
p!ants: were cbserved §to produce one or more branches from the below-ground
portion of the stem following such damage. Branches produced. in this manner
prebably do not effect substantial asexual reproduction similar ¢ "pup® branches
formed by other cacti (¢.g., Anderson, 1969; Parker and Hamrick, 1992). While

such herbivory was never observed in progress, mammals which are known to occur
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within the study sites which could be responsible. for this include jackrabbits and
* porcupines. In addition to herbivory, a small portion of mortality associated with
mamrhals occurred following cbvious furaging-relat;d dismrbance in the direct
vicinity of some plants, such as when rocks were flipped over cnio severai ﬁlams,
Armadillos were fairly cominon at all sites, and may have been respensible for maay

of these OCCRITences.

Reproduction varied substantially during the conrse of this Mvtstigatiﬂn aﬁd,

.with few exceptions, statistical analysis has shown the majority of significant
varistion occurred between years rather than between sites for the same year. In
general, the three study pepulations showed a year to year decrease in flower, fruit,
" and seed production, ultimately resulting in an ca. 50% de_créa&e in each of these
features at BWM and DSH from 1991 ¢o 1994, Reasons for this steady, substantial
decrease in reproduction are at present unclear. Occasional year-to-year variat_lun in
percent fruit set was noted bu, in general, usually remained near 70% for all sites,
and never dropped below 50%. In this respect, Ancisirocactus tobuschii is an above-
average plant, as fruit set is usuzlly not much more than ca. 25% in narmal_l}f

qutcrossing plant species (Sutherland, 1986).
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If the trends observed during this investigation continue, the high mortaiity,
| decreasing reproductive effort and success, and ﬂp[]a-l‘ﬂl'lﬂ}' low seedling recruigment
could lead to the rapid extinciion of the study populations, espec_iaily at the BWM and
DSH sites. While more information concerning the autecology of this cactus shoutd
be adquired prior to any attethpts. at development of a i_an_g-range management
strategy, it may be necessary ic mpluy Slop-gap measures _in &e mean time, and

conircl of the grub-related mortality seems like an cbvious starting point.

i73



5.6 REFERENCES CITED

Anderson, E.F. 1969. The biogeography, ecology, and taxonomy of Lophophora
{Cactaceae). Brittonia 21: 299-310.

Domnell, M.S. 1986. Yosemitia graciella; a deadly parasite of Sclerocactis
polyancistrus. Cact. & Succ. J. (U.5.) 58: 163-164.

Fiedler, P.L. 1987. Life history and population dynamics of rarc and common
mariposa lilies (Cafocherius Pursh: Liliaceae). 1. Ecol. 75: 977-995.

Goldsmath, B., ed. 1991, Mt}nitoring'fur conservation and ecology. Chapman &
Hall, N.Y.

Gross, K.L. 1981. Predictions of fate from rosetie size in four "biennial” plant
species: Verbascum thapsus, Oenothera biennis, Daucus carota, and
Tragopogon dubius. Oecologia 48: 209-213,

Hegazy, A.K. and N.M. Eesa. 1991. On the ecology, insect seed-predation, and
conservation of a rare and endemic plant specics: Ebenus armitagei

(Leguminosag).

Hutchings, M.J. 1991. Momitoring plant populations: census as an aid to
conservation. In: Monitoting for conservation and ecology. B. Goldsmith,
ed. Chapman & Hall, N.Y.

Lacey, E.P. 1986. Onset of reproduction in plants: gize- versus age-dependency.
TREE 1(3): 72-75.

Johnsen, R.A. 1992. Pollination and repreductive ecology of acuna cactus,
Echinomastus erectrocentrus var. acunensis (Cactaceae), Int. F. Plant Sci.
153(3): 400-408.

Mann, J. 1969. Cactus-feeding insects and mites. U.S. Nationak Musenm Bulletin
No. ‘256 Smithsonian Institution Press, Washington, D.C.

Mauseth, J 1. 1984. Introduction to cactus anatomy; Part 8: Inner body. Cact. &
Succ. J. (U.S.} 56: 131-135.

174




Nokel, P.§. 1977. Water relations and photosynthesis of a barrel cactus, Ferocacius
acanthodes, in the Colorado Desert. Oecologia 27: 117-133.

O’Beien, C.W. 1970. A taxonomic revision of the genus Gersigeckerie north of
Mexico (Coleoptera: Curculionidae). Ann. Entomol. Soc. Amer. 63(1): 255-
272, '

Parker, K.C. 1987. Seedcrop characteristics and minimum reproductive size of
organ pipe cactus (Stenocereus thurberi) in southern California. Madrono
34(4): 294-303.

. and J.L. Hamrick. 1992. Genetic diversity and clonal structure in a
columnar cactus, Lophocereus schottfi. Am. J. Bot. 79(1): 86-96.

Piper, T K. 1992. Size stucture and seed yield over 4 years in an experimental
Cassia marilandica (Leguminosac) population. Can. J. Bot. 70: 1324-1330.

Shreve, F. 1910. The rate of establishment of the giant cactus. Plant World 13(10}:
235-240. . :

Sokal, R.R. and F.J. Rohlf. 1981. Biometry; the principles and practice of statistics
in biological research. Second edition. W.H. Freeman and Company, New
Yoik.

Steenbergh, W.F. and C.H. Lowe. 1983, Ecology of the saguaro: [II. Growth and
demography. U.S. National Park Service Scientific Monograph Series No.
17. U.S. Government Printing Office, Washington, D.C.

Sutherland, S, 1986. Pasterns of fruii-set; what controls fruii-flower ratios in plants?
Evolution 40: 117-128,

Texas Parks & Wildlife Department. 1984. Endangered species information system
species record : Ancistrocactus tobuschii. J.M. Poole and A.D. Zinpnegman,
compilers. Unpublished.

Werner, P.A. 1975. Predictions of fate from rosette size in teasel (Dipsaciis
fullonum L.). Oecologia 20: 197-201.

175,



APPENDIX A: FLOWER PRODUCTION
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Table Al. Average flower production for BWM. Plant diameter is in millimeters. Average change
in the mumber of flowers/plant is for piants which were censused -during both years shown in the
eolumn heading, and is categorized by plant diameter at the earlier of the two years. The % standard
erfor of the mean is provided for each annual overall average. The aumber in narentheses is the
sample size {i.e., oumber of cetisused plants). Note that the fast column covers a ihree-year

increment.

Mean # Flowsers/Plant

1992 | 1993 | 1994 | 9192

0o | 00 ] 08 \ — | 00
@ | @ | as W

0.1 0.1 0.1 +ﬂ;3 0.1
{15 (1% {14) {7 . {14y

1.0 | oo |08 | 03 | 06
(26) 23 | (22) (13) (18)

2.4 12 tte | 07| -1
25y | @0y | (18 (14} | @9

29 | 29 | 24 [[ 03 | +0.1
{9) B |3 (7) (7)

54-60 60 | 51 | 43 | 40 || 01 [ 21
{11y | (3 (2} (1) 7 {7}

_ a0 | 35 | 90 | so | 70 || +40) 10
o : 2 | @y {2 (2) l (2) 2y
Overill Average | 29 | 21 | 09 | 10 '
S (£0.3) | (£0.2) | (£0.1} | (202

@ | @8 | e | 6o

Mean Change # FI/F

Plant Diameter

6o | o
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‘Table A2. Average flower productien for DSH. Plant diameter is in miflimeters. Average change
in the number of Bowers/plant is for plants which were censused during both years shown in the
column heading, and is categorized by plant diameter at the earlier of the rwo years. The 4 standard
error of the mean is provided for each annuai overali average. The number in parentheses is the
sample size (i.e., number of censused plants). Note that the last colume covers a thiwe-year
increment.

Plant Diameter _ Meag ¥ Flowezs/Plant ; Mean Change ¥ FL/F]

o1 | 1992 | 1903 | 1994 || 91-92 | 9293 | 93-94 [ 5194
:1-i0 0.0 0.0 \ 0.0,
o (24) 27 (1)
11-20 0.0 | #6013 00 |
@2 | 1 || an
2330 00 | 6o 1.4
54 | @9 (10) -
31-40 03 | 03 -1.0
(28) 22) (3
41-50 g9 | 08 30
_' ' {22) (1) {1}
51-60 2.2 -1.5 24
(3], ) (1
61-70 — = —
Overall Average
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Table A3. Average flower production for KPC. Plant diameter is in millimeters. Average change
in the number of ftowers/plant is for plants which were censused during both years shown in the
eolumn heading, and is categorized by plant diameter at the earlier of the two years. The 4 standard
errer of the mean is provided for eack annual overalt average. The number in parentheses is the
sample size (i.e., number of censused plants). Mote that plants in this population were only censused
during 1993 and 1994,

Mean Change in the Nuober of FI/P
0304 0164

Flant Diameter Mean # Flowers/Plant

1093

1994 || 9192 { 52-93

Owerall Average
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Table Bt. Fruit production for BWM. Plant diameter is in millimeters. "Mean Fruits/Flowering
Plani® represents the mean number of fuits produced by only those plants which produced flowers.
"Mean Change in the. Number -of Fruits/Plant” represents the mean change in number of fruits
produced by plants which were censused and flowered during both years showa in the eolumn heading,
categorized by the piant diameter at the earlier of the two years. Data from plants which were utilized
fer pollination experiments are eXcluded. Note that the last column covers a three-year increment.

_ ‘ .Mf.:an Fruits/Flowering Plant

1991 1993 1993 | 1994

Mean (Change in the Number of
Fruitz/Plant

C81- | 9293 | 9394 || %1-%4
92

+1.0
(1)

0.8
{4)

-1.1
(8)

-1.0
{14) (29} (31} {18)

Average (iu 3) {:1;0 3) (;tu 2) (;H'}-E}
(50) (43) 47 {37)
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Table B2. Fruit production tor DSH. Plant diameter is in millimeters. "Mean Fruiis/Flowenng
Plant” represents the mean number of fruits produced by only those plants which produced flovers.
"Mean Chanpe in the Number of Fruits/Plant™ represents the mean change in number of fruiis
produced by plants which were censused and flowered during both years shown in the cohimn heading,
categorized by the plant diameter ai the eariier of the (wo years. [hata from plaiits which wefe utilized
for pollination experiments are excluded. Note that ihe last colimn covers a three-yéar incrernent.

Mean Change ix the Number of
Fruité/Plant

1991 52 _ 93-94 1
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Table B3. Fruit production for KPC. Plant diameter is in millimeters, "Mean Fruits/Flowering
Plant" represents the mesn pumber of fruits produced by only-those plants which produced flowers.
"Mean Change in the Mumber of Fruits/Plamt™ represents the mean change in oumber of fruits
produced by plants which were censused and flowered during both years shown in the column heading,
categorized by the plant diameter a: the earlier of the two years. Data from plants which were uiilized
for pollination experiments are excluded. Note that plants in thiz populationwere only censused during
£393 and 1004,

Plant Diameter || Mean Fruits/Fiowering Plant Mean Change in the Number of
_ Fruits/Plant
1991 | 1992 | 1993 9192 | 9203 | 9394
1
01-10 —_—
11-20 —_
21-30 _
3140 —
41-50 24 | 23 —_ —
(8) (8}
51-60 40 | 2.8 — —
(5} (3)
61-70 —— | 8o || — _
(1)
Overall Average || — | — 21 i.5 o —_—
(£0.3) |{£0.3}
G | 39
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Table C1. Average seed production and germinability data for BWM. The + standard error of the
mean is provided for annual overali averages. Plant diameter is in milhmeters.

Plam:
Diameter
01-40
11.20 _ 20.5 o [0l — 10 35 0
_ @ | o |
a0 | a0 | 262 | 85 |5 5] 16 35 | o
- N ()] {6 2 ' . N
31-40 . 54 4 20 | 289 | 17| &4 13| e [ o
. (1 | 2 @ | 3 _
4350 [ e80 | 518 1 468 | 205 61 | . 49 33 0
- (N {4 (3 2). : .
51-60 735 | s0 f 58 15 | 63 )
_ {2 (i) ¥I. ' B
61-70 $20 |30 w0 |:— 23 | 10
2) n . ) . .
Overall 130 | 326
Average {16.1) | (£9.8)
. . o9 | ao
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Table C2. Average seed production and germinability data for DSH. The & standard grror of the
mean is provided for anmial overall averages. Plant diameter is in mitlimeters. -

Seeds/Fruit Germination %
1992 1993 19
01-10 . _ | —
11-20 13.0 w . 23 0
(i) _ '
21-30 22.4. 26 A
3 {7} o
3140 ‘458 | 40.8 | 487 17 63 2
an | 6 | e .
4150 || 74.0. | 383 | 404
) - (2) (6) {10
si-6o | s22 | 00 [ 528
_ (5) W f @
61-70 _— ] — ] =
Overall 483 | 360 | 32 _
Average (.8 | {Tdd}| (3.8
20) (20) (29
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Table C3. Average seed production and germinability data for KPC. The + standard error of the
mean is provided for annual overall averages. Plant dlameter is in millimeters. MNote that plants in
this population were only censused during 1993 and 1994.

| Overall Average
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Table I}, Two-way analysis -:;t'. varlance oo the effect of site and year: on the nember of seeds per
fruit for BWM and DSH during each year from 1991 through 994, Significant differences are
" discussed in the text. : -

M

_ ANALYSIS OF VARIANCE _
" Source Sum-of-Squares. : D¥ Mean-Squaré F-Ratio P

Site ' 193.005 | 193.005 0.329 0.567
Year 8,463,978 3 2,821,326 4802 0.003
Site * Year g76.650 3 292 257 (497 0.685

Estor 85,363.970 147 587.510
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Table D2. Twe-way analysis of variance on the effecs of site and year on ihe number of sceds per
fruft for all theee stdy sites during 1993 and 1994,

_ B 'ANALYSIS OF VARIANCE

Source Sum-of-Squares DF  Mean-Square  F-Ratio P

Site 339.419 2 169.709 0274 0.761

Year 1,185.911 1 1,185.911 1.914 0.170

Site * Year 489,050 2 244.525 0.395 0.675
Ervor 49,564,300 807 619.544

—_—.—-——_-—“_—__,___.———-——_—__'_'_'____.________'_
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Table D3. Two-way analysis of variance on the effect of site and year on seed germination for BWM
and DSH during each year from 1991 through 1994. "Data were first square-root Fansformed to
normalize residuals. Significant differences are discussed in the text.

_ ANALYSIS OF VARIANCE _
Source © Sum-of-Squares DF  Mean-Square F-Ratio P
Site o 2.025 1 2.025 0.262 0.609
Year 485.294 3 161.765 20,941 0.001
Site * Year 111.260 3 37.087 4,801 0.003
Error _1,120.068 145 7.725 '
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Table D4. Twe-way analysis of vanance on the effect of site and year on seed germination for a1l
three study populaiions during 1993 and 1994. Dasa were first square-Toof transformed 9 normalize
residuals. Significant differences are discussed in the text. ' :

—— —_— ———————— —————
ANALYSIS OF VARIANCE '

. Source : Sum-of‘Sqﬁarcs DF Mean-Sequare F-Ratic P
Site 23.777 3 11.889 1879 0.160
Year 613033 1 613.033 96.888 0.001
Site * Year . 21463 2 10732 . 1.6% 0.190
Esor | 493,527 78 6.327 L

eyl _ :
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