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INTRODUCTION

In the badlands of western north Dakota, numerous lignite beds
HAVE BURNED, BAKING AND FUSING THE OVERLAYING CLAYS, SHALES, AND SANDS
INTO A RED TO BROWNISH RED SUBSTANCE. THIS 8AKED AND FUSED MATERIAL IS
LOCALLY CALLED "SCORIA* BUT SHOULD BE MORE CORRECTLY CALLED CLINKERS
(LAIRD, i?56).

TODAY THERE ARE STILL NUMEROUS BEDS OF LIGNITE BURNING IN THE BAD-
LANDS. TWO OF THESE BURNING COAL VEINS (FIG. 1) ARE LOCATED IN SLOPE
COUNTY (T. 136N, R. 102w, SEC. 12, 13, AND lit; AND IN R. IOIW, SEC. 18)
AND IN BILLINGS COUNTY (T. IUON, R. IOIW, SEC. 23). JUNIPERS GROWING
IN THE VICINITY OF THESE BURNING BEDS OF LIGNITE HAVE TAKEN ON A COL-
UMNAR FORM (PLATE I, FIG. 1 AND 2). THE DISTRIBUTION OF THE COLUMNARS
IN SLOPE COUNTY IS GIVEN IN FIG. 2.

NOYCE (1959) REPORTED THAT HER FATHER, GEORGE C. CLARK, WAS THE
FIRST SETTLER TO SEE THE BURNING COAL VEIN IN SLOPE COUNTY IN |]880,
WHEN IT WAS "VERY" SMALL. NOYCE RECALLS THAT HER FATHER NOTED THE BURN
AS COVERING 0.3 TO 0.5 OF AN ACRE AT THAT TIME. THE BURNING RATE OF THE
COAL VEIN AS OBTAINED FROM NOYCE (PERSONAL COMMUNICATION) IS PRESENTED
IN FIG. 3. THE TIME INTERVALS GO FROM |880, WHEN FIRST SEEN BY A WHITE
MAN, TO 1906 WHEN NOYCE MOVED TO THE AREA AND 195« WHEN THE COAL VEIN
CROSSED THE DIVIDE AND STARTEO BURNING EASTWARD.

Another coal vein located in the south Unit of the Theodore

Roosevelt national memorial Park started burning in September, *95<
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6
(ARTHUR SULLIVAN, PERSONAL COMMUNICATION). THIS COAL VEIN, IGNITED BY
LIGHTNING, HAS JUNIPERS IN ITS VICINITY WHICH HAVE TAKEN ON A COLUMNAR
FORM. JUNIPERS WHICH ARE 2 TO 5 FT. IN HEIGHT ARE COLUMNAR WHILE THOSE
6 TO 8 FT. IN HEIGHT HAVE A COLUMNAR FORM ON THEIR SUMMIT (PLATE V, FIG.
9 AND 10).

THE COLUMNAR JUNIPERS HAVE BEEN PREVIOUSLY CONSIDERED TO COMPRISE
1) MERELY A VARIETY OF dUNIPERUS SCOPULORUM SARG. (d. SCOPULORUM V. COL-
UMNAR!'S FASSETT); 2) AN ECOLOGICAL VARIANT OF TRUE J. SCOPULORUM; 3)

A HYBRID BETWEEN J. SCOPULORUM AND ONE OF THE SEVERAL OTHER JUNIPER
SPECIES THAT OCCUR IN THE AREA; OR U) A DISTINCT SPECIES. FASSETT (l9i*5)
CONSIDERED THE COLUMNAR JUNIPERS TO BE A VARIETY DIFFERING FROM TRUE

d. SCOPULORUM IN THE RATIO OF HEIGHT TO WIDTH OF TREES. THE HEIGHT OF

d. SCOPULORUM TREES VARIES FROM | TO 2 TIMES THEIR WIDTH, WHILE THAT

OF d. SCOPULORUM V. COLUMNARIS RANGES FROM 2.5 TO 3.0 TIMES THEIR WIDTH.

DURING THE SUMMER OF 1965, A STUDY WAS UNDERTAKEN OF THE COLUMNAR
JUNIPERS OF WESTERN NORTH DAKOTA TO ELUCIWTE THE ANCESTRY OF THIS
JUNIPER TAXON. THE PROJECT WAS DIVIDED INTO TWO PARTS, BIOSYSTEMATIC
STUDIES AND ECOLOGICAL ANALYSIS OF THE COLUMNAR STANDS. PAPER CHROM-
ATOGRAPHY WAS USED TO ASSAY WHETHER THE COLUMNAR JUNIPER HAS A HYBRID
ORIGIN BETWEEN d. SCOPULORUM AND d. COMMUNIS V. DEPRESSA PURSH OR d.
HORIZONTAL!S MOENCH BOTH OF WHICH OCCUR IN THE STUDY AREA.

Recent studies have shown the significance of modern chemotaxonomic
METHODS IN COMPLEMENTING MORPHOLOGICAL, CYTOLOGICAL, AND ANATOMICAL DATA
IN ELUCIDATION OF SYSTEMATIC RELATIONSHIPS OF DUBIOUS PLANT TAXA (ALSTON
and Turner 1959, 1962, 1963, Lester et al i965; smith and levin 1963,

TORRES AND LEVIN 196i]; AND TURNER AND ALSTON 1957?) e SUCH CHEMOTAXONOMIC
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TECHNIQUES AS PAPER CHROMATOGRAPHY HAVE BEEN OF PARTICULAR VALUE IN
STUDIES OF HYBRIDIZATION, POLYPLOIDY, AND SPECIATION (SMITH AND LEVIN
1963 and stebbins ef al 1963)

Chemical criteria can be used as reliable taxonomic characters
BECAUSE OF BIOCHEMICAL COMPLEMENTATION OF SPECIES-3PECI FIC CHEMICAL
SUBSTANCES IN THE INTERSPECIFIC HYBRID DERIVATIVES. THE BIOCHEMICAL
CONSTITUENTS OF THESE HYBRIDS FREQUENTLY REPRESENT A SUMMATION OF THE
SUBSTANCES FOUND IN THE PARENTAL SPECIES; THAT IS, THE SPECIES-SPECIFIC
CONSTITUENTS OF THE PARENTAL SPECIES ARE COMBINED IN THEIR HYBRID DERIVA-
TIVE (Alston and Turner 1962, 1963)

The ecology of the area was examined to determine the environmental
FACTORS PRESENT WHICH LIMIT THE DISTRIBUTION OF THE COLUMNARS TO THE
VICINITY OF THE BURNING LIGNITE DEPOSITS. SOIL AND COMMUNITY COMPOSITION

WERE INCLUDED IN THE ECOLOGICAL STUDY.



METHODS ANO PROCEDURE

CHROMATOGRAPHY

SAMPLES OF LEAF TISSUE OF THE T TAXA OF JUNIPERUS WERE COLLECTED
FROM INDIVIDUAL PLANTS IN SLOPE AND BILLINGS COUNTIES DURING MARCH AND
NOVEMBER OF 1$61* AND JUNE, JULY, ANO NOVEMBER OF 196$. NEEDLES WERE
UTILIZED FROM THREE POSITIONS WITHIN THE CROWN TO MINIMIZE ANY CHROMATO
GRAPHIC DIFFERENCES DUE TO AGE OF NEEDLES, CROWN POSITION OR EXPOSURE.
A TOTAL OF 3 TO 10 SAMPLES FROM EACH TAXON WAS USED FOR EACH MONTH TO
ASSAY INTRASPECIFIC CHROMATOGRAPHIC VARIABILITY. IN CERTAIN SPECIES OF
PLANTS SEASONAL VARIATION IN THE CHEMICAL CONSTITUENTS HAVE BEEN REPORT
ED BY BLACK (1978). THEREFORE, LEAF SAMPLES FROM THE SAME PLANTS WERE
COLLECTED AND CHROMATOGRAPHED PERIODICALLY OVER A ONE YEAR PERIOD TO
DETERMINE IF A SEASONAL VARIATION EXISTS IN THE ¥ TAXA OF JUNIPERUS
STUDIED..

NEEDLES WERE OVEN DRIED AT $5*3 ®C FOR 2I* HOURS AND EXTRACTED
FOR 2* HOURS WITH 2 ML OF 80 PER CENT METHANOL. A TOTAL OF 20 TO 2%
DROPS OF THE EXTRACT WAS APPLIED IN A | INCH STREAK, WITH A PIPETTE
ON WHATMANS NO. 2 FILTER PAPER (1*0 X 10 Cm). EACH STREAK WAS ALLOWED
TO DRY BEFORE THE NEXT APPLICATION WAS MADE. AFTER STREAKING, THE
SHEETS WERE AIR DRIED FOR 30 MINUTES TO INSURE EVAPORATION OF THE
METHANOL SOLVENT. THE CHROMATOGRAMS WERE RUN IN TWO DIMENSIONS BY THE
ASCENDING METHOD. THE FIRST DIMENSION SOLVENT SYSTEM WAS UTILIZED FOR

2I* HOURS, ANO CONSI STED OF N-BUTANOL: GLACIAL ACETIC ACID: DISTILLED

-7 -
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WATER IN A RATIO OF 5***2 (v/v). CHROMATOGRAMS WERE RUN FOR 7 TO 9 HOURS
IN THE SECOND DIMENSION UTILIZING I5 PER CENT ACETIC ACID. BOTH SOLVENT
SYSTEMS RESULTED IN EXCELLENT SEPARATION OF THE INDIVIDUAL BIOCHEMICAL
CONSTITUENTS.

THE CHROMATOGRAMS WERE EXAMINEO UNDER ULTRAVIOLET LIGHT, ULTRAVIOLET
LIGHT IN THE PRESENCE OF AMMONIA VAPOR, AND IN VISIBLE LIGHT. SPOTS WERE
GROUPED BOTH BY COLOR AND BY Rp VALUES IN EACH DIMENSION. ONLY THOSE
SPOTS WHICH OCCURRED FOR ALL PLANTS OF EACH TAXON WERE UTILIZED IN THIS
STUDY AND DETECTED SUBSTANCES OCCURRING IN A LOW FREQUENCY WERE IGNORED,
EXCEPT FOR SPOTS GOLD | AND 2 WHICH OCCURRED WITH I5 PER CENT FREQUENCY
IN WINTER FOLIAGE AND 100 PER CENT FREQUENCY IN SUMMER FOLIAGE OF J.
SCOPULORUM AND THE COLUMNAR JUNIPER. NO ATTEMPT WAS MADE TO IDENTIFY THE
DETECTED CHEMICAL SUBSTANCES. PRECIOUS STUDIES BY SMITH AND LEVIN (1963),
TORRES AND LEVIN ( 1961*) AND OTHERS USING DIAZOTIZED SULFANILIC ACID HAVE
ESTABLISHED THAT THE MAJORITY OF THE OBSERVED SPOTS WOULD BE PHENOLIC OR
POLYPHENOLIC COMPOUNDS. FOR PURPOSES OF THIS STUDY, THE REPEATABILITY OF
THE CHROMATOGRAPHIC PATTERNS AND THE PRESENCE OR ABSENCE OF SPECIES-
SPECIFIC BIOCHEMICAL SUBSTANCES WERE IMPORTANT RATHER THAN THE IDENTITY

OF THESE COMPOUNDS.

ECOLOGY
GROWTH AND DEVELOPMENT
ECOLOGICAL DATA WAS ACCUMULATED ON THE COLUMNAR JUNIPER TO DETER-
MINE THE EFFECTS THE ENVIRONMENT MIGHT HAVE ON THE PECULIAR GROWTH FORM.
Heights and widths of the columnar junipers were measured to check the
RELIABILITY OF THE 2.5-3.0 RATIO OF HEIGHT TO WIDTH GIVEN BY FASSETT

( *9U5) AS THE MORPHOLOGICAL DIAGNOSTIC CHARACTERISTIC OF THIS VARIETY.



THE STANDS WERE AGED BY EXAMINATION OF ANNUAL GROWTH RINGS FOR BOTH

AGES OF THE STANDS AND THE GROWTH RATE OF THE COLUMNAR JUNIPERS. DIAMETERS
OF THE COLUMNARS WERE MEASURED | FT. ABOVE THE GROUND. TREE HEIGHTS AND
WIDTHS AND AGE TO HEIGHT, WIDTHS, AND DIAMETERS OF 78 RANDOMLY CHOSEN
COLUMNAR JUNIPERS OF VARIOUS AGES WERE MEASURED. TREE HEIGHTS WERE EST-
IMATED TO THE NEAREST 0.3 METERS AND THE WIDTHS TO THE NEAREST 2.5 CM.
AGE DETERMINATIONS OF 1*7 RANDOMLY SELECTED COLUMNAR JUNIPERS WERE SAMPLED
0.3 METERS ABOVE THE GROUND WITH A SWEDISH INCREMENT BORER AND THE AN-
NUAL GROWTH RINGS COUNTED. THREE CORES ALONG THE VARIOUS RADIlI OF THE
TREES WERE TAKEN IN OROER TO ELIMINATE POSSIBLE ERRORS IN ANNUAL GROWTH
RING COUNTS OUE TO MISSING OR PARTIAL RINGS CAUSEO BY UNEQUAL GROWTH

RATES.

MORPHOLOGY

FASSETT (I9U*) STATED THAT THE BEST MORPHOLOGICAL CHARACTER TO
OISTINQUISH d. SCOPULORUM FROM d. HORIZONTAL!S ANO d. VIRGINIANA IS
THE SIZE OF THE FOLIAR GLAND. IN d. SCOPULORUM THE GLAND IS ALWAYS
LONGER THAN THE DISTANCE FROM THE GLAND TO THE TIP OF THE LEAF. IN d.
VIRGINIANA AND d. HORIZONTALIS THE GLAND IS SHORTER THAN THE DISTANCE
FROM THE GLAND TO THE LEAF TIP. THIS DIAGNOSTIC MORPHOLOGICAL CHARACTER
OF d. SCOPULORUM WAS COMPARED TO THE COLUMNAR JUNIPER TO DETERMINE THE

AFFINITY OF LEAF MORPHOLOGY BETWEEN THE TWO.

COMMUNITY COMPOSITION
THROUGHOUT THE SUMMER PLANTS WERE COLLECTED UNDER AND ADJACENT TO

THE COLUMNARS AND ALSO IN THE SURROUNDING COMMUNITIES. THEIR RELATIVE
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ABUNDANCE WAS DETERMINED BY VISUAL OBSERVATION. VOUCHERS OF THE COLLECTED

SPECIMENS WERE DEPOSITED IN THE UNIVERSITY OF NORTH DAKOTA HERBARIUM.

SOIL-WATER RETAINING CAPACITY

SOIL FROM 6 STANDS OF COLUMNAR JUNIPERS WAS SAMPLED AT | FT. BELOW
THE SURFACE. THESE SOIL SAMPLES WERE ANALYZED FOR WATER-RETAINING CAPACITY
FOLLOWING A MODIFICATION USED BY CURTIS (1956). THE SOIL SAMPLES WERE
PULVERIZED WITH A MORTAR ANO PESTLE. THE SOIL CUPS WERE FILLED WITH AIR-
ORIED SOIL TO A DEPTH OF ONE CENTIMETER AND PLACED FOR 30 MINUTES IN A
TRAY CONAINING A SMALL AMOUNT OF DISTILLED WATER. THE CUP AND SOIL WERE
WEIGHED ON A TRIPLE-BEAM BALANCE AND THEN DRIED IN A SOIL OVEN (]0$ °C
for 72 hours). The cups were then weighed again. The formula useo to

CALCULATE THE PER CENT WATER-RETAINING CAPACITY WAS:

IRC- Total wet weight - Total dry weight X 100
Total dry weight - Weight of cup plus paper



RESULTS

CHROMATOGRAPHY

Analysis of the chromatograms of the k taxa of juniperus are
TABULATED IN TABLE 1, AND THE REPRESENTATIVE CHROMATOGRAPHIC PATTERNS
OF EACH TAXON ARE DIAGRAMMED IN FIG. U. SPOTS BLUE $, 8 AND Ili* AND
PURPLE 2 AND 5 ARE SPECIES-SPECIFIC CONSTITUENCE FOR THE *d. SCOPULORUM-
COLUMNAR" COMPLEX. SPOTS BLUE |6, GOLD 6 AND 7, YELLOW | AND 3 APPEARED
ONLY IN d. HORIZONTAL!S. WHILE BLUE 1%, YELLOW 2, FLESH | AND VIOLET |
WERE SPECIFIC TO d. COMMUNIS V. DEPRESSA. JUNIPERUS HORIZONTALIS AND d.
COMMUNIS V. DEPRESSA SHARED PURPLE 6, WHICH WAS ABSENT FROM CHROMATOGRAMS
IN THE *d. SCOPULORUM-COLUMNARIL COMPLEX. dUNI PERUS COMMUNIS V. DEPRESSA
SHARED BLUE > AND GOLD 2 WITH THE "d. SCOPULORUM-COLUMNAR* COMPLEX.

All the blue spots were detected under u-v light with the exception
OF BLUE 10, WHICH APPEARED UNDER U-V LIGHT AND AMMONIA VAPOR. BLUE 12
WAS A VERY BRIGHT BLUE AND BLUE WAS SMALL IN COMPARISON TO THE OTHER
BLUES. SPOTS GOLD | AND 2 WOULD ONLY APPEAR IF THE CHROMATOGRAMS WERE
LEFT IN AMMONIA VAPOR FOR I$ MINUTES. EVEN WITH THIS PRECAUTION, THEY
WERE ABSENT FROM 15 PER CENT OF THE CHROMATOGRAMS OF THE WINTER FOLIAGE
OF THE *d. SCOPULORUM-COLUMNAR* COMPLEX.

SEASONAL VARIATION WAS DETECTED IN LEAF MATERIAL OF THE *d. SCOP-
ULORUM-COLUMNAR" COMPLEX. SPOTS BLUE Ili* ANO GOLD | AND 2 WERE PRESENT
IN SUMMER FOLIAGE OF THE *d. SCOPULORUM-COLUMNAR* COMPLEX, BUT APPEARED
WITH ONLY 15 PER CENT FREQUENCY IN WINTER FOLIAGE. THEREFORE, IN COLLECT-

ING. MATERIALS FOR A CHROMATOGRAPHIC STUDY IN dUNIPERUS CARE SHOULD BE



TABLE

<*H*T < <<0O0O0OOOOUUUUUUW®WWMW®M®WWWOW®WWHEWDE®m

_HH
NFPFOOo~N O T W N -

=
w

=y =
——W N =N ITWN—OOT WN— OO T

12

DETECTED BIOCHEMICAL CONSTITUENTS ON THE CHROMATOGRAMS OF
TAXA OF dUNIPERUS FROM WESTERN north Dakota.

TAXON

COLUMNAR d. SCOPULORUM d. HORIZONTAL!S d. COMMUNIS

JUNIPERS V. DEPRESSA
X X X X
X X X X
X X X X
X X X X
X X - X
X X X X
X X - X
X X -

X X X -
X X X X
X X X }
X X X X
X X X X
X X - -
- - X -
X X X X
X X - -
X X X X
X X - X
X X - -
- - X X
X X X -
X X - X
X X X -
X X X X
X X X -
. . X -
- - X -
- X -
- : - X
- - X -
: - X
- - - X

* SPOTS AGREE WITH THOSE IN FIGURE U.
THE SymBOLS "B", "P", "G«, "Y", "F*, AND *V" ARE USED FOR BLUE,
PURPLE, GOLD, YELLOW, FLESH, AND VIOLET. THE COLOR OF THESE SPOTS
AS THEY APPEAR UNDER U-V LIGHT AND U-V LIGHT WITH AMMONIA VAPOR.

FOUR
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Fig. 4.

Representative chromatographic patterns of the four taxa

Species specific to Juniperus scopulorum-columnar complex.

; Species specific to J. horizorstalis.

Species specific to J. communis v. depressa.
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TAKEN TO COLLECT ALL LEAF MATERIAL DURING EITHER THE SUMMER OR THE
WINTER MONTHS.

THE DATA SHOW THAT THE CHROMATOGRAPHIC PATTERNS OF d. SCOPULORUM
AND THE COLUMNAR JUNIPER WERE IDENTICAL AND DID NOT DIFFER EVEN IN THE
PRESENCE OR ABSENCE OF A SINGLE DETECTABLE CHEMICAL CONSTITUENT. CHROM-
ATOGRAMS OF EACH OF THE OTHER 2 TAXA STUDIED DEVIATED FROM THIS "d. SCOP-
ULORUM-COLUMNAR" PATTERN, WITH d. HORIZONTALIS CONTAINING 5 AND d. COM-
MUNIS V. DEPRESSA CONTAINING I SUBSTANCES ABSENT IN BOTH OF THE FORMER
TAXA. CHROMATOGRAMS RAN ON d. VIRGINIANA V. CREBRA (STAUOINCER AND HADLEY
1965) CONTAINED SPECIES-SPECIFIC CHEMICAL CONSTITUENTS NOT FOUND IN THE
«d. SCOPULORUM-COLUMNAR" COMPLEX. THE ISOLATION OF THE GEOGRAPHICAL
RANGE OF THE COLUMNAR JUNIPER FROM THAT OF d. VIRGINIANA V. CREBRA
ALSO DIMINISH THE POSSIBILITY OF IT BEING INVOLVED IN HYBRIDIZATION

WITH d. SCOPULORUM.

ECOLOGY

GROWTH AND DEVELOPMENT

THE RATIO OF HEIGHT TO WIDTH OF THE 72 TREES OF COLUMNAR JUNIPERS
EXAMINED STATISTICALLY SHOWED A POSITIVE CORRELATION OF 0.82i] (FIG. 5).
The mean height and width of the 72 columnars examined were 16.07 and
3.99 FT., RESPECTIVELY. NELSEN (1961) STUDIED 876 d. SCOPULORUM TREES
in the north Dakota badlands and founo the mean height to be 12.9 ft.
AND WIDTH 10.16 FT. THE RATIO OF HEIGHT TO WIDTH IN THE COLUMNARS OF
THE PRESENT STUDY WAS CONTINUOUS FROM 1.0 TO 6.6 WITH AN EXTREME OF
9.6 (TABLE 2). THE RATIO OF HEIGHT TO WIDTH IN NELSEN*S STUDY CAL-
CULATES OUT TO 1.27 FOR THE 876 d. SCOPULORUM EXAMINED. THIS COMPARES

TO A MEAN OF 3.88 IN THE 72 COLUMNAR JUNIPERS EXAMINED.
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Fig. 5.
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AVERAGE 3.88
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COUNTS OF ANNUAL GROWTH RINGS OF THE k7 COLUMNAR JUNIPERS EXAMINED
SHOWED A MEAN AGE OF 5U*5 YEARS WITH AN EXTREME OF 99 YEARS. THE AGE
WAS COMPARED STATISTICALLY TO TREE HEIGHT, WIDTH AND DIAMETER, AND
CORRELATION COEFFICIENTS WERE 0.795. 0.641, AND 0.772, RESPECTIVELY

(Fig. 6, [, and 8).

MORPHOLOGY

FASSETT (I9UU) STATED THAT THE BEST MORPHOLOGICAL CHARACTER TO
DISTINQUISH d. SCOPULORUM FROM d. HORIZONTALIS AND d. VIRGINIANA IS
THE SIZE OF THE FOLIAR GLANDS. IN d. SCOPULORUM THE GLAND IS ALWAYS
LONGER THAN THE DISTANCE FROM THE GLAND TO THE TIP OF THE LEAF. IN
tJ. VIRGINIANA AND d. HORIZONTALIS THE GLAND IS SHORTER THAN THE DISTANCE
FROM THE GLAND TO THE LEAF TIP. THE GLAND DISTANCE IN THE COLUMNAR
JUNIPER, LIKE d. SCOPULORUM IS LONGER THAN THE DISTANCE FROM THE GLAND

TO THE TIP OF THE LEAF.

COMMUNITY COMPOSITION
Plant species occurring in the columnar juniper stands were

IDENTIFIED AND RELATIVE A8UNDANCE RECORDED BY VISUAL OBSERVATION.
SPECIES OCCURRING UNDER THE COLUMNAR JUNIPERS AND IN THE ADJACENT COM-
MUNITIES WITH THEIR RELATIVE ABUNDANCES ARE LISTED IN TABLE 3* THE
DOMINANT SPECIES UNDER AND ADJACENT TO THE STANDS OF COLUMNAR JUNIPERS
ARE FALSE SOLOMON* S SEAL (SMILACIMA STELLATA DESF.), NORTHERN BED-
STRAW (GALIUM BOREALE L.) AND LEWIS* WILD FLAX (LINUM LEWI SI' | PURSH).
False Solomon*s seal was dominant in June at which time northern Bed-

straw BECAME DOMINANT AND LASTED UNTIL AUGUST
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Fig. 7.
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TABLE 3.

LIST OF PLANT SPECIES COMMON TO FIVE SCATTERED COLUMNAR JUNIPER STANDS
IN THE BADLANDS OF WESTERN NORTH DAKOTA IN COMPARISON WITH THEIR ABUND-
ANCE IN ADJACENT COMMUNITIES. D, DOMINANT} A, ABUNDANT; FRE, FREQUENT;
OCC, OCCASIONALLY; R, RARE. LIFE-FORMS T, TREE; S, SHRUBS; G, GRASS OR
SEDGE; AND F, FORB. THE SCIENTIFIC NOMENCLATURE FOLLOWS THAT OF STEVENS
(1950).

SPECIES LIFE FORM IMPORTANCE IMPORTANCE UNDER
IN AREA COLUMNARS

ACHILLEA LANULOSA NUTT. F FRE OCC

ACTINELLA ACAULIS (PURSH) NUTT. F Fre

agropyron REPENS (L) BEAUV. G A - -

A6ROPYRON TRACHYCAULUM

(LINK) MALTE. G FRE
Allium textile nels. and macbr. F A OoCC
Andropogon furcatus muhl. G FRE -
andropogon scoparius michx. G A
Anemone patens L. F A FRE
ARTEMISIA CANA PURSH. s A R
Artemisia tridentata nutt. s A mmmm
asperuga procumbens I . F FRE
ASTER PTARMICOIOES

(NEES.) T. AND G. F A occ
astragalus missouriensis Nutt. F fre mmmmam
ASTRAGALUS TENELLUS PURSH. F FRE -
BOUTELOUA CURTIPENOULA

(michx) TORR. G FRE occ
BOUTELOUA GRACILIS (HBK) LAG. G A occ
Buchloe dactyloides (nutt)

Engelm. G A
CALOCHORTUS NUTTALLI1T T. AND G. F Fre
CAMPANULA ROTUND 1FOLIA L. F A occ
CAREX FILI FOLIA NUTT. G A
CASTILLEJA SESSILIFLORA PURSH. F A AT
CRYPTANTHA BRADBURIANA PAYSON. F FRE mmmmm
ECHINACEA ANB8BUSTIFOLIA

(DC) HELLER. F FRE occ
Erigeron glabellus nutt. F FRE occ
Eriogonum flavum nutt. F FRE occ
ERIOGONUM MULTICEPTS NEES. F Fre occ
FRAXINUS PENNSYLVANICA V.

LANCEOLATA (BORKH) SARG. T FRE occ
fritillaria atropurpurea nutt. F FRE -
GALIUM BOREALE L. F A A
GAURA coccinea PURSH. F FRE

Glycyrrhiza LEPIDOTA

(nutt) Pursh. F FRE occ
grindelia SQUARROSA

(pursh) DUNAL. F FRE occ
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SPECIES LIFE FORM IMPORTANCE IMPORTANCE UNDER

IN AREA COLUMNARS
HORDEum jubatum L. G fre OocCcC
dUNIPERUS COMMUNIS V.

DEPRESSA PURSH. S A A
LACTUCA PULCHELLA (PURSH) DC. F FRE occ
LIATRIS PUNCTATA HOOK. F FRE occ
LINUM LEWI SI 1 PURSH. F A A
LINUM RIGIDUM PURSH. F A occ
LUPINUS PUSILLUS PURSH. F Fre R
MONARDA FISTULOSA L. F FRE occ
OENOTHERA SERRULATA NUTT. F- FRE R
ORTHOCARPUS LUTEUS NUTT. F A occ
PETALOSTEMUM CANDIDUM MICHX F Fre
PETALOSTEMUM PURPUREUM VENT. F a occ
PLANTA60 PURSH11 R. AND S. F A occ
POA PALUSTR1S L. G A Fre
POLYGALA ALBA NUTT. F FRE occ
POTENTILLA FRUTICOSA L. S A occ
PRUNUS VIRGINI ANA L. S Fre Fre
PSORALEA ESCULENTA PURSH. F Fre
RATIBIDA COLUMNIFERA (NUTT)

WOOTON AND STANDL. F A occ
Rhus trilobata Nutt. S A FRE
ROSA WOOOSI1 LINOL. s Fre occ
SALIX PEDIOLARIS d. E. SMITH s A
Senecio canus hook. F FRE R
Shepherdia argentea Nutt. S A
Smilacina stellata (1) Desf. F A D
SOLI DAGO MISSOURIENSIS NUTT. F FRE occ
SPHAERALCEA COCCINEA (NUTT)

Rydb. F Fre R
STIPA COMATA TRIN. AND RUPR. G FRE -
STIPA VIR1DULA TRIN. G FRE occ
SYMPHORICARPUS OCCIDENTAL!S

HOOK. S FRE occ
Taraxacum officinale Weber. F FRE
YUCCA GLAUCA NUTT. F A
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SOIL-WATER RETAINING CAPACITY

THE WATER-RETAINING CAPACITY OF SOIL TAKEN FROM 6 STANDS OF SCAT-
TERED COLUMNAR JUNIPERS HAD A MEAN OF K7»9 PER CENT WATER. THE SOIL IN
THE STUDY AREA WAS SANDY. THE SANDY SOIL ALONG WITH THE MEAN OF K7.9
PER CENT WATER-RETAINING CAPACITY SHOWS THE PREFERENCE OF THE COLUMNAR
JUNIPERS FOR WELL DRAINED SLOPES, ALTHOUGH PLATE IIl, FIG. 3 SHOWS A

COLUMNAR JUNIPER GROWING IN A MARSHY AREA.



DISCUSSION

Evidence from a wide range of plant taxa indicates that the
CHEMICAL CONSTITUENTS OF INTERSPECIFIC HYBRID DERIVATIVES FREQUENTLY
ARE A SUMMATION OF THOSE FOUND IN THE PARENTAL SPECIES. CHROMATOGRAPHIC
EVIOENCE ON THE I* TAXA OF dUNIPERUS SEEMS TO ELIMINATE THE POSSIBILITY
OF THE COLUMNAR JUNIPER HAVING RESULTED FROM HYBRIDIZATION INVOLVING
EITHER d. COMMUNIS V. DEPRESSA OR d. HORIZONTALIS WITH d. SCOPULORUM,
FOR EACH OF THE TWO TAXA POSSESES SPECIES-SPECIFIC BIOCHEMICAL SUBSTANCES
NOT FOUNO IN THE PROPOSED INTERSPECIFIC HYBRID DERIVATIVE. THE GEO-
GRAPHICAL RANGE OF THE COLUMNAR JUNIPERS IS ISOLATED FROM THAT OF ANY
ADDITIONAL dUNIPERUS SPECIES, BESIDES THE AFOREMENTIONED THREE, AND
THIS WOULD APPEAR TO DIMINISH THE PROBABILITY OF ANOTHER SPECIES BEING
INVOLVED IN A HYBRIDIZATION WITH d. SCOPULORUM. CHROMATOGRAPHIC DETER-
MINATIONS ON SPECIMENS ALONG A TRANSECT FROM A GROVE OF "TYPICAL* d.
SCOPULORUM TO ONE OF "TYPICAL" COLUMNARS INVOLVING "INTERMEDIATE" FORMS
SHOWED NO DIFFERENCES AMON6 ANY OF THESE SPECIMENS.

THE SIMILARITY OF THE CHROMATOGRAPHIC PATTERNS OF d. SCOPULORUM
AND THE COLUMNAR JUNIPER COULD RESULT EITHER FROM THE COLUMNAR BEING
A VARIETAL OR AN ECOLOGICALLY- INDUCED POLYMORPHIC TYPE OF d. SCOP-
ULORUM WITH THE PHENOTYPIC EXPRESSION REQUIRING A CERTAIN ENVIRONMENT
FOR EXPRESSION. ECOLOGICAL EVIDENCE SUPPORTS THE HYPOTHESIS THAT THE
COLUMNAR IS AN ECOLOGICALLY-INDUCED POLYMORPHIC TYPE OF d. SCOPULORUM.
TRANSPLANTED COLUMNAR JUNIPERS FROM THE VICINITY OF THE BURWING COAL

VEIN WILL REVERT TO A d. SCOPULORUM FORM WITHIN 2 TO 5 YEARS, PLATE 1V,

21%*-
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Fib. 7 AND 8. A NUMBER OF TREES, IN SOME STANDS UP TO 5 PER CENT, WITH
THE FORM OF TRUE d. SCOPULORUM ARE SCATTERED THROU6HOUT THE DISTRIBUTION
OF THE COLUMNAR JUNIPERS. THESE TREES HAD LARGE TRUNKS AND HAD PROBABLY
COMPLETED THEIR GROWTH BEFORE THE LIGNITE IN THE COAL VEIN WAS IGNITED.
MINOR MODIFICATIONS OF THE HEIGHT/WIDTH RATIO OF THESE TREES UNDOUBTEDLY
HAS OCCURRED, BUT THE BASIC GROWTH FORM WAS ESTABLISHED PRIOR TO THE
START OF THE FIRE. A CLOSE ESTIMATE OF THE AGES OF THESE d. SCOPULORUM
TREES COULD NOT BE OBTAINED..DUE TO THE VARYING RADII OF THESE TREES
ACCURATE CORE COUNTS COULD NOT BE MAOE, ALTHOUGH THE CORE COUNTS WERE
ALL OVER 100 YEARS.

A SECOND HYPOTHESIS CONCERNING THE OCCURRENCE OF THE COLUMNAR FORM
IS THAT THE SOIL CHARACTERISTICS MAY BE RESPONSIBLE FOR THE PECULIAR
GROWTH FORM. THE OCCURRENCE OF OLD d. SCOPULORUM TREES GROWING AMONG
THE COLUMNAR JUNIPERS, HOWEVER, SEVERELY DIMINISHES THIS POSSIBILITY.

Evidence supporting the proximity to the burning coal vein as
A CAUSAL FACTOR IN ESTABLISHING THE GROWTH FORM OF THE COLUMNAR
JUNIPER IS AVAILABLE IN THE SOUTH UNIT OF THE THEODORE ROOSEVELT
NATIONAL PARK (PLATE V, FIG. 9 AND 10). IN 1951 A PRAIRIE FIRE IG-
NITED AN EXPOSED VEIN OF LIGNITE COAL. THE GROVES OF d. SCOPULORUM
IN THE VICINITY HAVE SINCE TAKEN ON A COLUMNAR FORM. TWO SMALL
COLUMNARS WITH THE SAME STEM DIAMETER (t INCH ABOVE THE GROUND)
ARE SHOWN IN PLATE IV, FIG. 7. THE DIFFERENCE IN THE GROWTH SUGGESTS
THAT THE CAUSAL "SUBSTANCE" EMITTED BY THE BURNING LIGNITE AND AF-
FECTING THE JUNIPERS IS OF A GASEOUS NATURE.

There is a seasonal color variation in the junipers in which

THE WINTER FOLIAGE IS BROWN, BLUE OR GREEN. MINKLER AND RYKER (1959)
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FOUND THAT THE WINTER FOLIAGE COLOR IN THE EASTERN REDCEDAR (j. VIR-
GINIANA L.) DIFFERS WITH LOCATION AS WELL AS SEASONALLY. FASSETT
(I19U3) FOUND THAT THE CROWN FORM OF J. VIRG6INIANA V. CREBRA VARIES
IN ITS RATIO OF HEIGHT TO WIOTH ACROSS ITS DISTRIBUTION. TREES IN
NEW YORK AND NEW JERSEY HAVE A RATIO OF 7.5, WHILE TREES IN GEORGIA
MAY BE ONLY TWICE AS TALL AS WIDE. SINCE THE DISTRIBUTION OF THE
COLUMNAR JUNIPER IS LIMITED TO THE VICINITY OF THE BURNING COAL
VEINS IN NORTH DAKOTA AND TRANSPLANTING IT FROM THE VICINITY WILL
CAUSE IT TO REVERT TO THE J. SCOPULORUM FORM, THE COLUMNAR FORM MAY
BE A PHENOTYPIC EXPRESSION INOUCED BY THE ENVIRONMENT.

THE AREAS SURROUNDING THE BURNING COAL VEIN WERE EXAMINED FOR
POSSIBLE EVIDENCE THAT THE FUMES GIVEN OFF BY THE BURNING LIGNITE
WERE HAVING AN EFFECT ON OTHER SPECIES IN ADDITION TO THE COLUMNAR
JUNIPER. IN ONE CASE JUNIPERUS COMMUNIS V. DEPRESSA HAD TAKEN ON
A "COLUMNAR" FORM (PLATE 1I1l, FIG. 5 AND 6). THIS WAS THE SOLE EXAMPLE
OBSERVED IN EITHER AREA.

0. A. STEVENS (PERSONAL COMMUNICATION) HAS INFORMED ME THAT ONLY
I OF APPROXIMATELY 1]0 COLUMNAR TREES TRANSPLANTED TO THE NORTH DAKOTA
STATE UNIVERSITY CAMPUS OF FARGO HAS COME TRUE TO TYPE. RANCHERS IN
THE VICINITY OF AMIDON, NORTH DAKOTA HAVE ALSO TRANSPLANTED COLUMNAR
JUNIPERS. FOR EXAMPLE, BOB HANSON OF THE LOGGING CAMP RANCH HAS
K COLUMNARS AND LESTER FRITZ OF BELFIELD HAS 2 COLUMNARS WHICH WERE
TRANSPLANTED IN 1?58. ALL OF THESE TREES HAVE REVERTED BACK TO THE
FORM OF J. SCOPULORUM (PLATE IV, FIG. 7 AND 8).

A JUNIPER OF UNKNOWN SPECIES AND HAVING A COLUMNAR APPEARANCE

HAS BEEN SEEN NEAR SARGENT, NEBRASKA (D. L. GREEN, PERSONAL COMMUNI-



cation), and other columnar junipers have been reported BY E. NIELSEN
(CITEO IN FASSETT, 19U5) AT SPANISH POINT NEAR WILLISTON, NORTH DAKOTA
AND IN CENTRAL MONTANA (0. A. STEVENS, PERSONAL COMMUNICATION).

THE COLUMNAR NEAR SARGENT, NEBRASKA MAY BE J. VIRGINIANA WHICH GROWS
NATURALLY IN A COLUMNAR FORM. I PLAN TO VISIT THIS AREA IN THE NEAR
FUTURE TO DETERMINE ITS SPECIES. E. NIELSEN (PERSONAL COMMUNICATION)
VISITED SPANISH POINT NEAR WILLISTON, NORTH DAKOTA IN ABOUT 1931
WHEN HE TOOK THE PHOTOGRAPH OF THE COLUMNARS SHOWN TO FASSETT. |
VISITED SPANISH POINT DURING THE SUMMER OF 1965 AND DID NOT SEE ANY
COLUMNARS. FURTHERMORE, THE PEOPLE IN THE AREA DID NOT RECALL SEEING
ANY JUNIPERS WITH A COLUMNAR FORM.

G. F. PAYNE AND W. E. BOOTH (PERSONAL COMMUNICATIONS) RECALL
SEEING JUNIPERS WITH A COLUMNAR FORM IN MONTANA BETWEEN BUTTE AND
Anaconda. Payne stated™

THE ONLY PLACES | HAVE SEEN COLUMNAR JUNIPERS HAVE BEEN WHERE

FUMES FROM THE COMBUSTION PROCESS ARE PRESENT. IN THE CASE

of the Butte area the columnar junipers appear in an area heavily

AFFECTED BY FUMES FROM A CHEMICAL PROCESSING PLANT...IN THE

Butte area the more or less columnar forms are mixed with py-

ramidal AND ROUNDED FORMS.

AS STATED EARLIER THESE ROUNDED FORMS OF J. SCOPULORUM ARE ALSO
SEEN IN THE COLUMNAR STANDS NEAR AMIDON IN SLOPE COUNTY AND ARE

ATTRIBUTED TO AGE. THE AREA IN MONTANA WILL BE VISITED THIS SUMMER

TO OBTAIN ADDITIONAL INFORMATION ON THE COLUMNAR GROWTH FORM IN THAT

AREA



CONCLUSION AND SUMMARY

THE COLUMNAR JUNIPERS OF WESTERN NORTH DAKOTA HAVE BEEN PREVIOUSLY
CONSIDERED TO COMPRISE 1) A HYBRID BETWEEN JUNIPERUS SCOPULORUM ANO
d. HORIZONTALIS OR d. COMMUNIS V. DEPRESSA; 2) A VARIETY OF d. SCOPU-
LORUM (d. SCOPULORUM V. COLUMNARIS FASSETT)|] 3) AN ECOLOGICAL VARIANT
OF TRUE d. SCOPULORUM OR} i|]) A DISTINCT SPECIES.

POSSIBLE CAUSES WHICH MAY BE POSTULATED FOR THE COLUMNAR FORM
ARE, 1) HYBRIDIZATION BETWEEN d. SCOPULORUM ANO ONE OF THE OTHER
JUNIPERS IN THE AREA, 2) SOIL CHARACTERISTICS, AND 3) THE PROXIMITY
TO THE BURNING COAL VEINS WITH THE GASES EMITTED BEING THE PROBABLE
CAUSAL FACTOR IN ESTABLISHING THE GROWTH FORM OF THE COLUMNAR JUNIPER.

A PAPER CHROMATOGRAPHIC STUDY OF THE THREE MOST LIKELY PARENTAL
SPECIES AND THE COLUMNAR JUNIPER WAS INITIATED TO OBTAIN ADDITIONAL
INFORMATION ON THE PROBABLE HYBRID ANCESTRY OF THE COLUMNAR JUNIPER.
In addition, heights and widths of the columnar juniper were measured
TO CHECK THE RELIABILITY OF THE 2.5-3.0 RATIO GIVEN BY FASSETT AS
THE MORPHOLOGICAL DIAGNOSTIC CHARACTERISTIC OF THIS VARIETY.

The CHROMATOGRAPHIC OATA SHOW THAT THE PATTERNS OF d. SCOPULORUM
AND THE COLUMNAR JUNIPER WERE IDENTICAL AND DID NOT DIFFER IN A SINGLE
DETECTABLE CONSTITUENT. BIOCHEMICAL CONSTITUENTS OF A HYBRID SHOULD
BE A SUMMATION OF THE SUBSTANCES FOUND IN THE PARENTAL SPECIES. THE
OTHER TWO SPECIES DIFFERED FROM THIS *d. SCOPULORUM-COLUMNARILL PATTERN
WITH d. HORIZONTALIS CONTAINING K AND d. COEMUNIS V. DEPRESSA CONTAINING
5 SUBSTANCES NOT FOUND IN THE *d. SCOPULORUM—COLUMNAR* COMPLEX. THIS

DIMINISHES THE PROBABILITY OF THE COLUMNAR JUNIPER RESULTING FROM
. 28.
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HYBRIDIZATION.

THE PRESENCE OF OLD d. SCOPULORUM TREES IN THE STANDS OF COLUMNAR
JUNIPERS DIMINISHES THE PROBABILITY OF THE COLUMNAR FORM RESULTING
FROM SOIL CHARACTERISTICS. THE WIDE VARIATION IN HEIGHT TO WIDTH OF
THE COLUMNARS, GOING FROM "TYPICAL" COLUMNARS IN THE VICINITY OF THE
BURNING COAL VEIN TO "INTERMEDIATE" FORMS AT A DISTANCE OF 1.5 MILES
ANT TO "TYPICAL" d. SCOPULORUM AT 2 MILES FROM THE BURNING COAL VEIN.
This diminishes the possibility of the columnar juniper being a variety
AS BASED ON THIS MORPHOLOGICAL CHARACTERISTIC GIVEN BY FASSETT.

EVIDENCE SUPPORTING THE PROXIMITY OF THE COAL VEIN AS A CAUSAL
FACTOR IN ESTABLISHING THE GROWIH FORM OF THE COLUMNAR JUNIPERS IS
AVAILABLE IN BILLINGS COUNTY, WHERE ANOTHER BURNING COAL VEIN HAS
JUNIPERS IN THE VICINITY WITH A COLUMNAR FORM. ALSO IF COLUMNAR
JUNIPERS ARE REMOVED FROM THE VICINITY OF THE COAL VEIN, THE TREES
WILL REVERT BACK TO THE FORM OF d. SCOPULORUM IN 2 TO 5 YEARS. THE
COLUMNAR JUNIPERS APPEAR, THEREFORE, TO BE AN ECOLOGICALLY-INDUCED
POLYMORPHIC TYPE OF TRUE d. SCOPULORUM WITH THE PHENOTYPE REQUIRING A

CERTAIN ENVIRONMENT FOR EXPRESSION
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FIG.

FIG.

2.

PLATE t

A STAND OF COLUMNAR JUNIPERS ON A NORTH-FACING SLOPE. NOTE
THE JUNIPERS WITH THE ROUNDED JUNIPERUS SCOPULORUM FORp,
EFFORTS TO DATE THESE JUNIPERS WERE FRUITLESS. BUT IN ALL
CASES THEIR TRUNKS WERE LARGER THAN THE TRUNKS OF THE COL-
UMNARS. NOTE THE MANY BRANCHES IN THESE ROUNDED CROWN JUNI
PERS, WHEREAS IN THE COLUMNARS THERE IS ONE MAIN TRUNK.

THIS COLUMNAR JUNIPER HAS A RATIO OF 9.6 IN HEIGHT TO WIDTH
IT IS 26 FT. HIGH AND 2.7 FT. WIDE AT ITS MAXIMUM WIDTH.
The shrub at its base is juniperus communis v. depressa.

This dwarf juniper is usually depressed as in fig. 55 here

IT IS K FT. HIGH.
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PLATE M

columnar junipers in the upper part of this plate show
PREFERENCE OF THE COLUMNARS FOR NORTH OR NORTH-WEST FAC-

SLOPES. THE columnar juniper in the mid-right is grow-
ON A MARSHY AREA.

VARIATION IN HEIGHT AND WIDTH OF THESE TWO SMALL COLUM-
IS APPARENT. BOTH HAVE DIAMETERS OF 1.5 INCHES AT

GROUND LEVEL.






PLATE I11

f>. JUNIPERUS COMMUNIS V. DEPRESSA GROWING ON A SIDE HILL NEAR
THE COLUMNAR JUNIPERS.

FIG.

fig. 6. This abnormal form of J. communis v. depressa is growing on

A SANDY HILLSIDE. THIS WAS THE ONLY PLANT OF J. COMMUNIS V.
DEPRESSA SHOWING THIS FORM.






Fig.

FIG.

PLATE JV

This "columnar™ juniper was transplanted to the Lester
fritz's Ranch in 1958, at that time it had a compact colum>
NAR FORM.

THESE "COLUMNAR" JUNIPERS WERE TRANSPLANTED TO THE LOGGING
camp Ranch in the 1920*s. Shown here are 3 or the K junipers
TRANSPLANTED. ALL HAVE REVERTED BACK TO THE JUNIPERUS
SCOPULORUM FORM.






PLATE V

FIG. 9. THIS PHOTOGRAPH WAS TAKEN NEAR THE BURNING COAL VEIN IN
THE SOUTH UNIT OF THE THEODORE ROOSEVELT NATIONAL MEMORIAL
PARK. ALL THE SMALL JUNIPERS HAVE A COLUMNAR FORM WHILE
THE OLDER JUNIPERS ARE COLUMNAR ON THEIR SUMMITS.

fig. 10. This Photograph, also taken in the south unit of the Park,
DEMONSTRATES THE COLUMNAR EFFECT ON A HIGH RIDGE ABOUT ONE
QUARTER OF A MILE EAST OF THE BURNING COAL VEIN.
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