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ABSTRACT

Initial interpretations of electrophoretic and flavonoid data reveal that interpopulational
variability for the Hinckley oak {Quercus hinckleyi) is greater than intrapopulational variability.
Population sampling indicates a relatively low number of hybridizations of Q. hinckleyi X
Quercus pungens var. pungens, Additionally, pollen-stigma analysis does not reveal extreme
pollen contamination from other oak species. Seven apparent . hinckieyi seedlings were
observed {for the first time) in the field at the Shafter population. Greenhouse experiments
reveal a germination rate of 88%. Micropropagation experimenis were unsuccessful and
terminated early in the project.




eI —

FINAL REPORT

STATE: TEXAS PROJECTNO.:  E-l-4+%
PROJECT TITLE: Endangered and Threatened Species Conservation.

PERIOD COVERED:  September 1, 1991 through August 31, 1992

¥ .

JOB NUMBER: 41

JOB TITLE: Propagation, Genetic Constitution, and Re-introduction of the
Hinckley oak (Quercus hinckleyi) '

JOB OEBJECTIVE: Investigations in micropropagation and genetic.composition of the

Hinckiey oak are planned to lead to the establishment of other
populations within the natural habitat on state property.

SEGMENT OBJECTIVE: Continue work on micropropagation and greenhouse propagation.
‘ T Continue research on the population genietic structure of the
. Hinckley oak using isozyme, flavonoid, and foliar tzichome studies.
Search for new populations in Presidio and Brewster counties.

ACCOMPLISHMENTS
See Attachment
SIGNI FICANT DEVIATIONS

Dr. Richard Hilsenbeck, the original principal investigator, abandoned this project. As a result,
Jackie M. Poole with Texas Parks and Wildlife Department and Sharon Weyerts, a graduate
student at Sul Ross State University, established objectives for the year which focused on
prellim.inary ecological surveys of the Hinckley oak populations and continued investigations
of putative hybridization with Quercus pungens-var. pungens, a closely related species {see pg.

22, "Remarks” of the attached report).

PREPARED BY : Q{MUL K Mﬂ/ﬂ—) “Ibv. 24 1992
Gena K. Corlies Date
Endangered Species Botanist

// 1[-24-92

Larf D. McKinnéy/ PhD/~" Date
Difector, Resource Protection Division
I

APPROVED BY:




Genetic, Biochemical, and Reproductive Studies of

. F

the Hinckley Oak (Quercus hinckleyi}

in the Big Bend Country of Texas

Final Research Repoft.Subﬁitted to the
Texas Parks and Wildlife Depﬁrtmeﬁﬁ; Natural Heritage P;béfam’f

Interagency Agreement Numbeér 330-0573

.b}'
Sharoﬁ.F.rﬁefefts
Departmént“pf Biﬁlbgy
Bul Rnssfstgﬁe Uniﬁérsify

Alpine; Texas 79832

1 April 1990 to 31 Aug 1992



4z

T o .-.+ . INTRODGBCTION . i

~ The nrigiﬁal-cuntract-fgr_Querqﬁ;;Q;ngklgxigreseargh
coinpleted during the funding periocd.{Interagency Cooperation
Contract, 1990} encompassed, the following ubjectiveg: _1}.T0w~

determine the: overall pattern of the population genetic structure

~srof: 0. hinckleyi populations using starch gel electrqphoresis, 2)

-~ to deterniine the extent of hybridization with other ocaks im the

area usirng flavonoid chemistry and. leaf material from in.situ

. plants. as ‘well as cultivated plants (grown f;omﬂacarns},:3} To

examine pallen fertility and pollen. loads to assess - the amount of
gene ‘flow and to determine whether reduced fertility andfﬂr

sterility exists, and 4} To develop micropropagation technigues

" to-produce Hinckley oaks for population augmentation or .

introduction and tc avoid genetic dilution. . Each year a search
for new Hinckley Oak populations in Presidio and Brewster

Counties was incliuded; Although not -in writing,_yerba}

- objecktives communicated between Ms. Jackie roole and myself were

- incarporated into- the research after Dr. Richa;ﬁ Hi}senbeck,-the

principal investigator, -abandoned FFEgp:qject;..?hege.verbg;
objectives focused cn'preliming;y ecQ10gical surygyqug_Hinckley
pak populations and continued investigaticn.oﬁbputative
hybridization with Q. pungens var. pungens, a closely related
species.
' PUPULATIDHS S SAMPLED
Quercus hlncklexl populatlons in the Salltarlo ‘were visited

e1ght tlmes durlnq the research perlnd while 0. hlncklezl
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populations in Shafter were visited four times. Although Kennedy
and anlé'tﬂggzl report 10 knhown popilations of Q. hinckleyi, a
total of 14 Q. hipdkleyi populations in the Solitario have been
located and reported to the Texds Parks and Wildlife Department
fsee'We?eit5*1§§1'berformﬂnée Report) and ‘are marked on a. -
topographic map (Fig. 1). ‘In miost.of the populations; theré-are
from 100-200 healthy Hinckley Oak shrubs; however,” cloning makes
it difficult to recognize individual plants.  Each of :the
'Solitario populationg visited cconrs at approximately. 4200-4400
‘feet "in elevation. Foture surveys at this elevation in the
Solitario 'will probably revedl the présence . of mére 0. hinckleyi
populations; particularly trending southeast from the last marked
sites in the southwest Sector. .Two-QUefcus hinckieyi populations
have been located in Shaftér; Texad and ‘are not placed on a
topngfapﬁic map in accordance with landowner wishes. .

Iﬁ-éhafactef{ziﬁg the populations sampled, .Q. hinckleyi :
exists in the Solitario on nsarly solid limestone with some thin
top soil in places; ‘while in thé Shafter pépulation. the oaks are
found in rocky "friable" limeéstone. -Plant speécies. found to be in
agsociation with Q. hinckléyi”in'the Solitario-and in Shafter, as
reported by Weyerts (1992 Performance Report), are listed in

Tabls 1.0 ° - =

ELECTRDPHCIRETIC INVESTIGATIDHS
Electrnphoresls was eventually ellmlnated from these

lnvestlgatinns because of the d:l.ff:.c,ulty in f:me tunlng the

procedure. Because electrophnr951s was so0 alfflcult to perfect



I have included a detailed description of the electrophoretic
procedures that I used, should the Texas Parks & Wildlife..
Départment need then for future reference. -

Enzyme Extfaatidn from the collected leaf material followed
the protocol of Soltis et al. (1983) with some slight
modifications. Four hundred g (more or less) of leaf material
were placed in 2 porcelain mortar and pestle and ground under
liquid nitrogen until a fine powder was obtained,  One to two ml
of a phosphate grinding buffer-PVP solution was added to the
‘ powder to produce a thick slurry. &#n additional 1/2-1 ml of
phosphate buffer (pH 7.5) was occasionally added sco that the
1liguid couid be easily extracted and placed in nunc cryo-tubes.
The fluid was then stored in liquid nitrogen.

Two Histidine-Citrate buffer systems and one Lithium-Borate
puffer system of Soltis et al. (1983) were initially used for
starch gel preparation (Table ‘2}. The day before a run, two
' gels were poured according. to the protocol of Kephart (1990) with
‘some slight modifications. Approximately 1 hr before an
- glectrophoretic run was complete, most of the ingredients for
each enzyme stain were mixed so that the enzyme cofactors were
the only components necessary to add once the géls were sliced
{Kephart, 1990). Each assay solution included: - the:substrate
upon which. the enzyme of interest acted; cofactors {(NAD and
NaDP}, tetrazolium salts, ‘and coupling enzymes; and a stain that
coupled with the product of the reaction (Kephart, 1990;

Gottlieb, 1971)7 Staining-schedules{varied.agcprding to the



buffer system used (Table 3). . Twelve enzyme systems known to
occur in plants were initially surveyed: Peroxidase (PER},
Phosphoglucoisomerase {BGI}, Aspartate Aminotransferase {GOT) 4
Leucine Aminopeptidase (LAP), Triosephosphate Isomerase (TPI), 6-
Phosphogluccnate Dehydrogenasé (6-PGD), Shikimate Dehydrogenase
{SKDH), Malate Dehydrogenase (MDH), Alcohol Dehydrogenase . (ADH),
and Phosphoglucomutase (PGM).- Upon staining completion,
peroxidage gels were "fixed! with a 50% glycerol solution.. All
other gél slabs were "fiked" in 50% ethanol. If readable gels
were obtained, they were scored with zegard to Ry values, which
were nbtﬁined bf'dividing-the distance traveled for sach enzyme
band by the total distance to the ancdal front. Attempts were

made to determine levels of genetic variability with respect to

the calculated Ry valies.

-Although Hilsenbeck {1990 Performance Report) reported.-that
0. hinckleyi is highly homozygous (intrapopulationally) with .
reﬁard to GOT, MDH, and PER, these data are not valid because the
results are not repeatable.  Electrophoretic gels for PER, PGM,

IDH, "6-PGD, and SKDH, have been photographed and submitted to the

‘Téxas Parks and Wildlife Department {see Weyerts,. 1991

Performance Reporb). - & cursory examination of these gels
indicates tkai interpopulational variability is greater than
intrapnpulatioﬁal-va;iabilitf; however,. prablems with the
electrophoretic procedufé, such as curved gel:fronts (most likely
caused by the grinding buffer and the pH of the stains) make any

attémpts at delivering gquantifiable data for these photographed
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gels impossible. . There are two geéels that have been scored for
the enzyme PER (Tables 4 &°5}.  .If one examines the Ry values fﬁr
the two Solitario populations (see Fig. 2} collectively {Table
4), it appears that Population #2 is more genstically variable
‘7 far' PER than is Popixlation #1. Both populations appear to be
- somewhat:homogéneous. Using Hartl and Clark: (1989) as a guide,
one might infer that there are two monomorphic PER loci fRff-n
values of:0.04 and G.15) and one polymorphic -PER locus {Rg. values
of .0.28 and 0.32) gccurring in each of the Selitaric populations.
Because part of this gel was destroyéd during staining, Rg values
. frof sample six to sample 16 are somewhat: vague for the first
enzyme band; however, it is believed that this locus -is -
monomorphic. ©One might conclude that the polymorphic locus is
mohomericj'consistingfof twe alleles. ‘Based upeon- this |
conclusion, the frequency of heterozyyctes for: the pglymorphic
.locus in both populations is very low, calgulated to be 0.125.
Electrophoretic banding patterns for the Shafter Population
(FTable 5) reveal that the genetic striucture for one enzyme, PER,
id completely different than thie patterns recognized for the
Solitario populations. Therefore, variakility .across the range
of ‘the Hinckley Oak is maintained, at least for one enzyme
system. One might infer that. there are .three PER gene loci
existing in the-Shaftgr Population. The first locus (Rg: value
0.08) consists of one allele and is ‘monpmorphic. The second,
polymorphic locus (R values of 0.22 and 0.25) is considered to

be monomeric, consisting of two alleles. Locus number three (Rg
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values of 0.62, .65, and 0.71) cnnsisfs of three ‘alleles and is
also pclymorphic; however, it carnot be determinéd_frnm these
data whether the locus is monomeric or multimeric.: For the
second locus 4in the Shafter Population; the freguency of -+ §
heterozygotes is calculated td be 0.75. Although varjability at
thig polymorphic’ locus seems to be somewhat high, an overall view
of the general PER electrophoretic banding patterns (three loci
-combined)} reveals that Hinckley CGaks . in the Shafter population
"are more similatr in their PﬁngenEtic-structure_th&ﬂ they are
- different. The most notable difference for this population is
seen in sample #2 which lacks ‘one enzyme band: that is;cammén=to
the other three shrubs {R£ value of 0.22). The.fact that .
‘neterozygosgity exisis . in the Shafter population is evidenced by
the wvarying morphologies of growing séedlings- whose acorns were
collected from this peopulation.

" - Although variability within the Solitario populations and
the population in Shafter appears: to be somewhait low, one must be
careful not to jump to the conclusion. that this variability is
iridicative of the variability.that -exists: for all of the other
enzyme - systems., . ‘Further testing of several enzyme systems should
better. reveal the overall .genetic structure cf Hinckley Oak
populatiéns.  Additionally, samples from Solitario and Shafter
‘populations should be run on the =same gel,; in case_ the.
differencés seen between thesé populations are not trqé
differences but are mere artifacts of.separate: electrophoretic

- TUns.,



One sm;ll-piece of=eVidencg”nhtaingd_iﬂ_this study could
possibly support the qriginél hypothesis that variability within
Hinckley Oak populations has always been somewhat low, regardless
of hybridization. Putative hybrids were not found to exist
within the Shafter Population nor was either varietg of Q.

.. pungens found t¢ cccur in or near this Pppu}atipg,hgnd_?et

variability. for PER was still somewhat low.. Itwis.reglized,

however, that because of recent road construction in the Shafter

- area, Q. pungens trees might have heen demolished. Therefore,

thorough investigations concerning pasF.and.prEEEnt dist;ibﬁLicns

of -these taxa in the Shafter area need to be ianitiated.
FLM.FDHDID INV EETIGATIDHS

Flavcnolﬁ analyses were mﬂreaéuccessful than the
electrapharetlc lnvestlgations and have prnvided an initial view
nf'the overall populaticon genetic structure Df Q. hincklevi
populétians. The téchniqués for flavonoid analysis are standard
'fHérbnrne, 1984} andhhave been carfied'ﬂuﬁmﬂy Hf. T&mas
Hernandez. Leaves and stems from small tip buttingé?ﬁftﬂ.
hinckleyi ané 0. pungens vaf. ggﬁgené wére téken td the
labcratury where they were air dried, grnund in a Waring blender,
and placed in a TS% aqueous methanol (MeDH} solutlon for
extractléﬁ. Extractlcn QCCurreﬂ for 24 hours and the material
was subsequently pressure-filtered through a Buchner funnel.
Concentrated extracts were_uhtained_by using a Buchler flash-
evaporator, which removed the MeOH and left only water and the

plant chemical compounds. _The flavonoid constituents of this



concentrated extract were elicidated via two-dimensional
ﬁescending paﬁer'chfemategraphy; “phe solvents used were 3:1:i
{Eertﬂﬂuﬁylﬁaieeheltacetie acid:water, v/v) and 15% glacial acid.
Whatman riumber three chromatography paper was used.

“The chromatograms, viewed under long-wavelength (366nm)
ultra-violet light, initially revealed:the presence of guercetin
3-0-diglycosides within the two ta#a“investigated {Hilsenbeck,
1990 Performance Report). Preliminary data suggest that Q.
hinckleyi possésses 12 flavonoid compounds. Profiles génerated

for two 0. hinckleyi populations ‘in the Bolitarid {see Fig. 2)

reveal that 10 compounds are shared by Quercus pungens wvar.
pungens and . hineklezi._ TheseTeempoﬁnds are labeled #1-6, #8-
10, and #12 (Fig. 3 & 41;~ Ceepcund #ii ef Q. hineklegi was not
‘seen in any. of. the 0. pungens 1nd1v1duals sampled WhllE Q
hinckleyi cumpound #7 shewed up 1n twe ef the D. pungens
speelmens ) Init1a1 interpretatlens ef the chremategraph1e o
profiies reveal that lntraspeciflc var1ab111ty for Q. hlnckleil
is greater between the Lwo pepulatlens sampleé than it is w1th1n
these populations. Te date, the flaveneld cempounds are he1ng
.isolated fe;.idenﬁifieatien.__It is antlclpeted that upen
eempletion ef his thesis, ﬁru Thomas Hernandez w1ll Submlt more

cemprehen51ve lnterpretatlens of the flavene1d studles. “

v T POLLEN ANALYSIS
- Pollen grains of @. hincklevi’ &nd Q. pundesns var. pungens
'were examined with Cotton Blue in Lactophénol in order to

establish male fertility. A 90% pollen fertility of Q. hincklevi



and a 95% pollen ‘fertility of Q. pungens- var..piingens were
i"'.‘.i:eu:-c:n;;t"ﬂi.zuet'."i. Based upon these initial data, the possibility of

" low reproductive Tates resulting from male steriiity'insﬂinckley
oaks is doubtful (Hilsenbeck, 1990 Performance Report).

Pollén from herbarium speciméns at Sul -Ross State University
of 0. pungens var. pungers and (. hinckleyi was®acetolyzed and
mounted for scanning electron microscopy. -Initial data reveal
that there is a difference in the sekine layer of the. pollen
between the two species and in the size of the pollen grains {(see
fig. 3 of Weyerts, 1991 Performance Report). These ‘datd have
'been useful in determining putative hybridization between the

species (see hybridization section of this report).

_ I'-II CRDPRDPAGATIDH

Hicroprcpagat1nn of Q hincklez; uslng small tlp cuttlngs
:was rerformed by Ms. Hillary Loring. “ As prev1ously reparteﬁ
{H1lsenbeck 199ﬂ Perfurmance Report Weyerts, 1991 Perfcrmance
Report}, mlcroprcpagatian technlques were dlfflcult tu work oukt
hecause 1} explants in "sterlle“ culture were bE1ng contamlnated
and 2) Yﬂung ennugh plants for 5uccessfu1 propagatlnn were not
obtained. Mlcroprnpagatlﬂn was therefore termlnated early in the
study. urther 1nformat10n regardlng mlcroprapagatlan techniques

may be obtained from the pr1HC1pal anestlgatnr, Dr. Rlchard

Hilsenbeck.

SEED WIABILITY - SEEDLING MORPHOLOGY

A total of 148 acorns were collected (1 Sep 1991} from the
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Shafter Population. - The plants produced thousands of acorns
during this good year. One hundred and twegty-eeven.Q,”hincklegi_
acorns were plented in plaetie-stubbies {13.5 em long), while 21
were planted in one-gallon poks: Acorns in stubbies were planted
in sterile potting medium containing a time-release fertilizer,

Osmocote. The Osmocote was composed of 4 parts nitrogen, 14

parts phosphorus, and 14 parts. potassium. Half of the acorns

planted. in. stubbies were situated sideways in the potting medium,
while the other half (plus one) were situated with the tip of the

acorn facing down.. S R L

Eleven of the acorns planted in one-gallon pots were planted
in sterile pottiang medium with Osmocote (14:74:14}, hereinafter
calied Treatment #1, while 10 of the acorns were planted in seil
that contained no time—releeee fertilizer but did contain
lrmeetene rocks et the beee of the pet herelnafter referred to
as Treatment #2 hll of the acorns planted in ene gallen pets
were sltueted in the Samne dlreetlen {acorn tip down).

' Seedllng emergence dates aleng wlth the dlrECtan.in.whiCh

newly emerged seedllngs had been planted {acorn tlp down or’

51dewaye} were reeerded | Weekly talllee fer theee data were

..kept nfter eeveral leaves hnd fermed on a seedling,

merpholegleal aspeets sueh as leaf size, adaxlal and ahaxial
pubeeeenee, and leaf sprnatrnn were recorded.

Out of the 148 Hinckley Dak acorns that were planted, a
total of 129 acorns germinated, yielding an-overall 87%

germination rate. Only one inseck larva was seen to emerge from
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the acorns. that” were planted, suggesting thét insect larvae do
not appear to be adversely affecting germination in Q. hincklevi,
at least in some years., In stubbies, the first Q. hinckleyi -
seéedling to emerge did so 13 days after the acdrns had been
planteéd. Thus; beginning with day 13, weikly tallies were kept
for seedling emergence. . The.tallies were coliected over an 11~
week péribﬂ, the end of which appears tc have marked the
cessation of germination. Tallies {(calculated in percents) for
weekly germination are illustrated in Figure 5. ' Combined weekly
totals indicate that 112 out of 127 Hinckley Oak acorns planted
"in-<stubbies germinated, yielding BB% germinaticnhn. Of the acorns
that germinated, 58 were planted with the acorn tip down and 54
-were planted sideways, thus indicating that the direction in
which an acorn gets situated in the seil (if it is down or
' sideways)} has no affect on germination.

Ih the gallon pots, -all. of the acorns planted in Treatment

#1 germinated while only six of:the 10 acorns planted in
Treatment #2 germinated. In Treatment #1, the first acérn to
germinate: did so 18 days after :the acorns had been planted. - The
first visible seedling in Treatment #2 was noticed 24 days
after those acorns had been planted. . Because 0of low sample sizes
for Treatments #1 ‘dand #2, veekly tallies of germination rates are
not herein reported.

Because galion pot germination rates for Treatment #2 were
40% lower than they were for Treatment #1, it might be inferred

‘that optimal garmination§is”dependenk oy the type or porosity of
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the gubstrate present.  Because the sample sizes were.sn small
for the gallon pot treatments, however, cnnclusihns about a
substrite effect{s) are tentative at this time, .- _ -

To date, 100 year-old seedlings .are thriving at Sul Ross
State University. Eighty-two of these seedlings are in one-
gallon pots at the SRSU greenhouse and 18 seedlings {the
healthiest of ‘the 100 seedlings) have been planted ai.ihe Sul
Ross State University research field plot where they wiil
‘continue to be studied.’ S I i C s

Initial observations revesl that the leaves of the
greenhouse seedlings are-larger [(ca. 5 mm longer and wider} than
are the leaves of adult Hinckley Oak plants found in natural
habitats. The leaf outline of the seedlings appears to be more
ovate:elliptic while the outline: of hative Hinckley Oak adults is
generally subrotund to subovate. .There are generally :2-5-spinose
tips. on either margin of the seedling leaf blades, which is
comparable to the 3-4 spinose tips present on adult leaves. The
microscopic abaxial papillae chiracteristic of adult £. hinckleyi
leaves are present on. the seedlings,. but they are not very well-
developed in the seedlindgs. © oz

" Although native ¢. hincklevi adults have leaves that are
glabrous, leaves of most of the clder Hinckley. QOak seedlings
examined exhibited a few small white trichomes along the
.-gartilaginous margins: and along the veins (mostly the midvein).
- .Because some of the youngest seedlings possess these trichomes

along the blade, I'hypothésize that-hhe-few-triehdmes found: on
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the leaves of Hinckley;oak:eeedlings”eye%eventuelly,lesﬁ as the

plants mature, ..

. . In addition to the seedlings growing in the gyeeeheeSE,_
seven apparent Q. ;ggklexl seeﬂlinge have been ebeerved neaf Q.
hinckleyi plants in the Shafter Population {(Weyerts, 1992
Performance Report). Never before have Hinckley Qak seedlings
been observed in natural eenditieneh{KeepedyhendiPeqle! 19%82).
The presence of these natural apparent seedlings suggests
expansion Or rejuvenetien efinpck;ey_Qek pepeletiens. _Si; of

- ; the apperentiseteinge arewfpundineeg the adult plants but are

-+ not- directly underneath them. It is possible that these six

apparent seedlings are ynung_rhizemeaeffeheets.predueed by the
adult plants.. , Because the apparent seedlings are very comparable
-~ in external morphology to the seeﬂ}inge.grewing in the
-greenhouse,. I believe that these,six.juvenile,plenes are probably
not rhizome offshoots of adqlt_plaets-.ayhe seeenth jugenile}
;plant is found. underneath the periphe;y of an edult H%nckieg Dak
shrub.  Because of its.pregimity anq st;iking e%pilerity to the
»:Shf?h;zi believe that i;.%s-pess%ble_thet this_juvenele_ie a
rhizome offshoot of the:methe; Elant, Only extensiee digginq, an

undesirable approach, would provide a reliable answer.

-

- PUTATI‘UE HYBRIDIZATION WITH OTHER OAK TAXA
The presence ef other odak speeies within and neerby the
Seliterie Q hlneklegl pepulatlens, ‘namely 0. Eungeﬁs'?ar.~
.vagexana and Q Eungen§ var. pun ens, has been reported

(Hllsenbeck 1990’ Perfermanee Repert Weyerts, 71992 “Performance
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Report}.'€dne;putatiﬁé'h?briﬁ'{ﬂ.'hiﬂéklﬁii'k'ﬁ;-ﬁungeﬁé-varu
pungens) is located at the upper limits of 0. hinckleyi ;
Population #1 - while another putative hybrid occurs in ‘the middle
- of tﬁé dréinﬁgebe PnpﬁléiiéﬁﬁFE'{SEE'?ig.:2]5?'In’iﬂﬁfiiﬁn-tﬂ
these puiatiﬁe hybrids, there are five othet’ putative hybrids.
‘from whith sﬁécimens:ﬁave”ﬂeéh collected (housed in the SRSC

Herbariuf). ~ Several ‘Lechnigues have been uséd in an effort to

establish the parentage of these putative hybrids. The results
.ﬁﬁd'some'ﬁecﬁﬁiqﬁésﬁare discussed in the sections to- follow. '

" MORPHOLOGY ‘WITH FOLTAR TRICHOME EMPHASISZ-Uuercus' hinckleyi
possesses small, SPine-tipPEdzhﬂriacebus*iéafes that: -are not more
than 15 mm in lehgth (Muller, 1957; Cortell ‘& Johnston, -1970).
These subrotund leaves are 2-3 toothed on each side and are -blue-
green on their upper {adakial) "surface.  Adaxial and apaxial leaf
‘surfaces of ﬁ;-hihgklézi are essentially glabrous and glalicous.
Huwéﬁér,'numerodsxwhite'sdiifhry3héirsﬁ'ﬁsiﬂg Hardin's (1976)
terminniégyf can be found>ﬂﬁ'thehleaf blades and cartilaginous
leaf méfgiﬁsrﬁf this taxﬁn when the léaves are Gbserved with -
iﬁcreasiﬂg'magnificafinﬁsf' Oone of the most distinguishing foliar
éharactars for Q. hinekleyi is the presenceé of microszopic
epidermal papillae on thé abaxial leaf surface  (Muilér, "1954).

The usually cnriace?us};eaf"blades of ¢. pungensg var.
VaSeyana are.up to 6 cm in length, whéch.%s.% cm éh?:ter'than the
repc;ted_upperﬂlggf length limit_fnr g._gﬁngeﬁs.vét: pungens
{Mullertllgﬁﬁ; qurél & thnston, 1976) . fhe ﬁ;uéiif_hagd éﬁg

~ stiff.leaves of var. pungens are gll}gt;g to oblong wﬁil; the
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leaves Of var. vaseyana are -narrowly lanceclate to usually

oblong. ‘Both varieties possess a lustrous’ upper -leaf surface,

. Leaf margins -of wvar. pungens. are undulately crisped and sometimes

revolute ‘while: the margins of var. vasevana are more

' gartilagincusly thickened and not revolute., Neither variety -of

(. pungerig possésses microscopic epidermal papillae on the
abaxial leaf surface.

One of the most distinguishing features: for ocak species in
general is the trichome complement present on the adaxial and
abaxial leaf surfaces (Hardir, 1976; Hardin 1979). Not only does

this trichome complement provide insight into phylogenetic

" relationships bhetween speciés, but it is also extremely

¥

‘remunerative  in documenting hybridization. As previously
mentioned, the leaves (both adaxial and abaxial surfaces) of Q.
hinckleyi are essentially glabigus. The adaxial trichomes of Q.
pungens var. pungens are mostly multiradiate and stellate with an
occasional .solitary type {non-glandular -and unbranched} that is
usually foind on the midvein. Abaxial trichomes of Q. pungens

var. pungens are mostly stellate, fused steéliate and. -

- mzltiradiate. ° Adaxial irichomes of var. vasevana are by far

“less numerous thasi ‘they are in var. pungens. In fact, some

specimens of var. vasevana appear to be devoid of any hairs and

“are ‘thus esgentially glabrous. : The abaxial leaf gsurface of wvar.

vastyana is defisely white pubescent, composed mostly of white

stellate hairs. As well, occasional muitiradiate hairs. can also

‘be found or thé abaxial leaf surface.
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. Leaves .of the putative hybrid collected from Sclitario
Population ¥#2 “(see Fig. 2) are virtually glabrous. The leaves of
- the putative hybrid collectéd in. Population #1, however, are.
somewhat pubescent and contain mostly multiradiate trichomes {in
addition to the very fine solitary trichomes characteristic of O.
hinckleyi. leaves) on their adaxial surface along with
multiradiate and some stellate trichomes on their abaxial leaf
surface. Although the average leaf length for the-putative
hybrid collected £rom Sclitario Population #1 -does not exceed
15 mm, the putdtive ‘hybrid collected from Sclitario Population #2
possesses leaves with an average leaf length of 20.66 mm. The
papillae on the abaxial leaf surface of both putative hybrids in
Solitaric Populations #1: and #2 are reduced. The leaves of both
of Ehese putative hybrids are not as strongly spinose as are the
. leaves of a "good" Hinckley Oak. LA
Two -other Q. hinckleyi specimens housed in the Sul Ross
State University Herbarium appear to be pﬁtative-hyhrids..ﬂ
according to their foliar trichome complements., Both of these
specimens were collected in the Sclitario, One of these
specimens appears bto have multiradiate hairs on the adaxial leaf
surface and golden stellate hairs on the abaxial surface. The
other specimen appears to have some multiradiate trichomes on the
-adaxial leaf surface and:some white stellate and fused stellate
trichomes on- the. abaxial leaf surface. Neither of these two
‘specimens possesses an avérage leaf length of over 15 mm. On

both of these specimens, the ahaxiafLPapillae are reduced., The
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leaves of these two putative hybrids are strongly spinose.

: Although three other specimens:housed.in the Sul Ross State
University Herbarium appear to be-putative hybrids with rega;d to
their external morphology (larger leaves, ca..2imm in length),
these specimens_ﬂo not pnsséss intermediate foligr trichome
complements and they all -have fully-developed abaxial:papillae
.. that are characteristic of Q. hinckleyi. These three individuals
are believed to be.morphological variants of 0, hinckleyi. All
of the putative hybrids observed .appear to be mature individuals.

FLAVQNOID CHEMISTRY---Hilsenbeck {First Research Repori,.
1990) has reported-suspected hybridization between Q. pungens

- var, pungens and Q. hinckleyi at least 'at one locality in the.
solitario: =~ Profiles generated by the three putative hybrids
found in:the "Jackie' Population (Hilsenbeck, 1930 Eerformance
Report). indicated bona £ide hybridization. . _

Bach of the two putative hybrids (Q. hincklevi x Q. pungens
var. pungens} in Population #1 -and Population. #2. of the Solitarie
{see Fig. 2) possessed 11 compounds. and - -iacked compound #5 of D.
hincklevi and Q. pungens var, pungens ;(see Fig. 3-4). Because
neither ‘novel compounds nor additive compounds were .observed in
the profiles of these two putative hyhriﬁglm;t is pessible that
these individuals are not hybrids but are morphological variants
of Q. hinckleyi. Aadditional mﬁ;phplqgigal variants might be
discovered in the 12 other populations of Q. hinckleyi known to

- éxist in the Soclitario. Chemical analysis.of additicnal

morphological variants, should they;ﬁxist;;@%ghtgcontribute
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toward further understanding of the origin of these plants.

. ELECTROPHORETIC hNALiSIS4—Because intermediéte-handing
patternsffor'Ehe-thc-pdt&tivethybfids'pccurring in 8Sclitaric
Pdpulétiohs'#1ﬂénd 4#2 ‘{mentioned above” in Flavonoid analysis)
were not recnghizéd:{Tahle 4, Samples 4 and 12); it is once again
suspected that these individuzls ‘are not hybrids, but are. .
mutpﬁblagical-vafiants of Q. hincklevi. -Because of problems with
the electrophoretic procedire, concrete. data regarding theé -
putative hybrids ‘féund in the "Jackie" Population (Hilsenbéck,
1990 Performaice’ Report) cannct be presented.

STIGMA-POLLEN AMALYSIS--As previously. reported. (Weyerts;
1991 ‘Performance Réport), 'differences in pellen. grain sizes and

betﬁeeﬁ'ihE“pollEn sexine.layer of ‘Q. hinckleyi. and Q. pungens

var, pundens exist. -Because of these differences, I was able to

examine §. hinckleyi ‘stigmas with' the JEGL JSM-35C Scanning.
Electron Microscope and, undeér the direction of D¥. Richard
Hilgenbeck, count the number and type of pollen grains present on

fhe stigmas. Twenty-nine stigias collected in April of 1990 by

Dr. Richard Hilsenbeck were placed on eight’ numbéred stubs and

‘werée viewed with the 'SEM. Approximately 62% of the stigmas:

observed (18 stigmas) ‘appeared to have no.pollen grains present
{Table ‘6}. . -One or more Q. hiscklévi pollen grains were found on
34% of the stigmas (10 stigmas) while.one stigma {3.4% of .
observed stigmaé} contained two pollen grains from what appeared
to be Qf~§ungensﬁvar- pungens. One stigma contained one ‘gollen

grain-f#dm whit appedred”to be a composite as well as Q.
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" hinckleyi pollen grain.- The largest number.of pollen grains
-found on any stigma was.four. . A total of twenty-two Q. hinckleyi

pollen grains were found, yielding an average of 0.76 grains of

.. this species per stigma. Three pollen grains from other species

were. cbserved (.10 foreign'grainafatiqma}t Nine of the Q.
hincklieyi pollen grains found (41%) appeared to be germinating.
While some of the pollen grains ooonrred dorsally on the stigma
1ohes, the mejorlty of the grains found were situated on the
broadened ventral apex of the et1gma lobes

éollen tuhe growth ratee depend on the types of pollen
ppreaent on a etlgma {Darzen et al,, 199¢) and 1nvestigators have
shown that euooeaeful fertrlizatlon of donor pollen is dependent
‘ﬁupon the different types af pollen present on a stigma {Cruzan,
lEEﬂ) If pollinatlon phenomena are the cause of any lowered
reproductive success of Q hlnoklegl, one might expect to flnd an
excess of foreign pollen on the stigmas andfor an extremely low

number of Hlnokley Dak pollen gralns per stlgma, or one might
expect to flnd etigmas overcrowded w1th Hinckley Dak pollen which
could lead to pollen oompetltlon '

Dnly two of the 25 pollen gralns ‘phgerved (B%) were those of
another oak apeoles. Because approxlmately 34% of the atlgmas
}oontalned Q ;ggg ayi pollen, and an average of 0. TE Hinckley
:ﬂak pollen graine per stigma was ohserved {although less than an
average of one per stlgma}, 1t is douhtful that any low .

reproduotlve ratea of thia epeoiea are a result of an 1nadequate

amount of ‘wind pollen helng received. The fact that there was

oo
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less than one ‘pollén grain on average per stigma coupled with the
1erge} three-lobed nature of’ the Q;'higgklegi.stigmasfleads one
to believe that pollen ‘competition on an overcrowded stigma. is
not’ occurring. The largest number of drains fouand on .apy stigma
was four, which would by no means delinéate an overcrowded .

‘stigma. P '

| . DI Scussmu )

ﬁuercus hlnekle11 is very llmlt&d in 1ts distrlhutlen It
is known tn occur, cnly 1n the Solltarlo, in Shafter, and in the
S;erra R1ea Mnuntalns of Hexlco {R Spellenberg and D Rlsklnd,
pers. eomm } The 11m1ted distrlbutlun aof Q. hlnckiez1 fltS the
pattern exhlblted hy seme eak epeeles that have undergene repld
Speclat1on 1n an uppnrtunlstle respense tn 1ncre351ng ¢11mat1c
shifts in the region {Axelrud, 1983} The Chlhuahuan Desert is
one vast reglon that has exper1enceﬁ such el1mat1c shlfts over
the past 10,000 years (van Devender and Worthlngtcn, 19??]
Cﬂntlnued cl1matic shlfts 1n this area w1ll prﬂbably cantlnue tc
promote rapid spec1at1nn ef nake o ] _

In 1ts restrleted range, Q lngglegl appears tn be
producing vlahle seeds, as ev1denced bY ae BE% germlnatinn rate
“for aeerns grewn under greenhouse eend1t1cns Under faverahle
cnndltluns, therefcre, Hlnekley Dak ACOIrns have v1ahle embryos
that have an 33% Ententlal to germlnate i

Inltial 1nterpretatluns of electrophoretic and flavnnold

ﬂata reveal that lnterpopulatlonal ﬁarlablllty fnr Q. hlncklegl

iz greater than intrapopulaticnal varlahlllty, The presence of
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apparent morpholegical variants in the populations sampled
further siggests that variability across the range 6f .
hinckleyi exists. Therefore, Q: hin¢k1égi'15'prabab1} not as-
hnmngenecus:a“sﬁECiéE as once was suspected. )

© Although putative introgression from Q. puhgens var. pungens
tan be recognized through the trichome complements of scme of - the
suspected hybrids; the low number ‘of putative hybrids recognized
compared to the large number of apparently ”Erue“'Hinckléy‘daks
present in populations sampled ‘does not seem to indicate
extensive hybridization within the populations. FPollen-stigma
.:éhhlyses further:suggesﬁ that 0. bincklevi is #Aot experiencing
exiremé pollen'cnntaminatiﬁﬁ or- competition frod another oak™ -
species. With 90% pollen .fertility) Q. hincklevi is probably not
experiencing low reproductive rates as a result of male
sté}ility.- TI'¢gonclude that the primary factors involved in
1imitin§ 0. hinckleyi populations are the extreme environmental
conditions in which the oak is found.

In their draft of Hinckley's Oak (Q: hincklevi) Redovery
Plan, Kennedy and Poole (1992)‘report that little is knowrn aboutl
the population biclogy, population ecology, or habitat
regquirements of Q. hinckleyi.' I might alsc’add that little is
known about the taxonomic Teélationships of 0. hinckleyi, a most
sevare handicap when\tryihg tp predict the necessary time and

economic resources to be allocated for recovery.
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REMARKS . - .-

This project was initiated at-Sul .Ross Stgte_UPi?ersity in
Harch,:lggﬂ.bf.pr,_Riphard_#. Hilsenbeck, the principal _
investigator. In July, j§91h_ur. Hilsenbeck abruptly resigred
his position at Sul Ross and aban@bned.the project. At the time,
several students were involved with the research prcjg?t under
the direction:of Dr. Hilsenbeck:. HMs. Hﬂ;lary;pgring
(Micropropagation/1990-1991),- Mr. Trinidad Cantu

(Electrophoresis/ 1990}, Mr. Luis viliareal, (Electrophoresis/

1990), Mr. Tomas Hernandez (Flavonoid Analysis/1990-1992), and

Ms. Bharon Weyerts {Electrophoresis/ 1990-1991 and Sep-Nov 1992).
With Dr. Hilsenbeck as our major.advisor, Mr. Tomas- Hernandez and
1 decided to .incorporate our particular aspects of the research
intoc thesis projects. Upon Dr. Hilsenbeck's resignation, Mr.

Hernandez continued with flavonoid investigaticnsfand was funded

_for his efforts. I disconiinued the electrophoretic studies in

September of 1991, for reasons: already stated, and was not-
employed through Sul Ross. State Univezsity with Texas.Parks and
Wildlife funds. :Additionally,.under the guidance of Dr. A.

Michael Powell, my major advisor, my thesis-prpject_changeﬁt

.Although still inveolving Q. hinckleyi, my thesis does not follow

the same guidelines that were. established by Dr. Hilsenbeck, .
essentially some of .those set forth in the, original Hinckley Oak
contract. The last data sets being gathered, for which I am .
funded by the Texas Parks and Wildlife Depariment (Sep 1992 - Nov

1992) involve mainly SEM surveys of foliar trichomes exhibited by
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Q. hinckleyi and four closely rélated taxa. These data, along
with other data, -will be presented in my thesis, which will be
submitted to the Tekas Parks and Wildlife Department ‘upon its
compietion. Althbugh my thesis will contain information’
regarding the biology of Q. hinckleyi, it should be considered a
separate entity and qut be construed as a follow-up to or F part
of the final reéport: It is anticipated that mere comprehensive
analyses of flavonoid investigations will be submitted by Mr.
Tomas Hernandez upon completion of his thesis. Additional
information regarding this final report, if needed, might bhe
obtained from the principal investigator, Drl Richard A. -

Hilsenbeck (195 Teal Lane, Tallahassee, FL 32308).
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Table 1. Plant species cccurring in Hinckley Cak Populations

Species

Population

#i

#2

Shatter

Acacia roemerisna
Agave lechuquilla
Ariocarpus fissuratus
Adristida glauca
asclepias asperpla |
Avenia pilosa
Berberis spp.
Bernardia obovata
Boutelous curktipendula
Buddleja marrubiifelia
Castilledja rigida
Centaurivm calycosum
Chrysactinia mexicana
Condalia gricoides

Coryphantha sneedii war, albicolymnaria

Cowania ericifolia
Croton potisii
Croton sancti-lazari

Cuscuia spp. {(parazitic on

Dalea aprea
Dalea formosa
Dasylirion leiophyllum

Echinocereus dasyacanthus

Encelia Scaposa
Ephedra aspera

Epithelantha bokei -

Zexmenia brevifolia)
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Table }. Continued. °

Fopulation

Species

#1

¥z

Shafter

Erigeron modesiug
Erioqonom hévardii
Euphorbia antigyphilitica
Fendlera rigida
Fouguieria églendens
Hechtia texensis

Hedeoma nanum var. nanuam

Hedyoktis aﬁérusa
Hedyotis niﬁricans
Heliotropinm tarregf
Leucophyllum minus -
Linnm rupestre
Menodora longiflora
Menodora scabra
Mimpsa biuncifera

Mortonia sempervirens subsp. scabrella

Muhlenbergia dubia
Nerisyrenia camporum
Notholaena parvifclia
Opuntia §Eﬁ.

Farthenium argeniainm
fenstemon baccharifoliuns
Petrophvtum caespitosum -
Fhyllanthus polygqonoides .

Poliomintha glabrescens
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Table 4. Continued. - L

Populaticn

Species

#

#2

Bhafter

Polygala macradenia

Progopis glandulosa

Rhus wirens

Buellia E§££1i

§ghi£achzrigf scoparium var, neomexicanum

' Selaginella lepidophylia

SEenagQriﬁm barbatum
Thelesperma longipes
Thelesperma megapotamicum
Thymophylla acergsa
Tridens muticus

Yiquiera §§ggolnbax

Yucca thompsoniana
Zexmenia brevifolia
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Table 2. Buffer systems and their components that were used for

electrophoretic analysis of Quercus hinckievi®’

Buffer System pH Electrode Buffer

Gel Buffer

Histidine-Citrate E.7 L-Histidine Free Base

Citric Acid
Lithium-Borate 8.3 Lithium Hydroxide
i Boric Acid

Distilled Wa%er

Histidine-Citraté 7.0 Citrie Acid

pPistilled Water

.Electrnﬁg Buffer

Distilieﬁ Rater
Tris

citric Acid’
Eléct;;d; Buffer
Diétiliéﬁ Water
Histidine-HCL

pistilled Water

Aguffer systems used were those of Scltis et é;.,.TBEB.



Table 3. Enzyﬁatic stains corresponding

used

F

o three buffer55ystéms

%

Buffer System pH Enzyme ;.Stains
Histidine-Citrate 7.0 " IDH, PGD, SKDH
L.ithium-Borate 8.3 PGE, GQT, LAP, TPI, GDH
Histidine-Citrate 5.7

"' PER,

MDH, * ADH, PGM




Peroxidase R, values for sixteen Hinckley Daks gccurring in the Sglitario.

Tahle 4,
Population #1 Sawmples Populatiun W2 Sanmples
1 2 3 1" 5 6 7 B 9 0 11 12* 13 14 15 16
0.04 0,04 0.04 0.04 0.04 7 ? ? ? 2 ? 7 ? ? ? ?
0.15 0.15 0,15 0.15 0.15 0,15 0.15 0.15 0.15 0.13  ©0.15 ©0.15 0,13 0.15 0.15 0.15
0.28 0.28 0.28 0.28  0.28
0.32 0.32 0,32 90.32 0.32 0.32 0.32 0.32 0.3z 0.32 0.3z 0.32

“putative hybrids.



Tabie 5. . Peroxidase R, values for four Hinckley Oaks in the
Ehaftar'Pnpulatinn

1*
.Sample:ﬁd.
SR iy T .
i g.08 7 ¢.08 0.08° "o.08
" 0.22 0,22 o p.22
0.25 " g.25 0.25 . 0.25
0.62
~ . 0.85
C0.T
-,
& &



Table §. Number and type of pollen grains present on Q.

hinckleyi stigmas

¥

Number of Grains

Stigma Na. Hinckley nak?2 E 6th§f~ H%pckley DakP Total
1 0 2 T o 2
2 0 0 s 0 0
3 0 0 4 4
4 0 0 0 0
5 0 0 2 “ 2
6 1 0 1 2
7 0 0 0 o
8 0 .0 1] 0
9 2 0 Q 2

14 Lt 0 O 0
11 0 D 0 0
12 0 0 g 0
13 0 g O ]
14 2 0 0 2
15 0 0 2 2
16 0 0 0 a
17 0 1 1 2
18 0 0 0 0
19 0 0 _ 0 0
20 1_ 0 g 1
21 4] 0 G 0
22 ) ) o 0 0
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Table &. continued.

Number of Grains

Stigma No. Hinckley 0ak® Other Hinckley Oak® . Total
23 0 0 0 0
24 2 1] 2 ) F-1
25 1 0 1. 2
26 0 0 0 0
27 0 0 0 0
28 0 0 0 0
29 0 0 0 0

Njumber of grains that appeared to be germinating

Pumber of grains that weren't germinating



