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THE
PLANT ECOLOGY
OF THE
HAZELWOOD BOTANICAL FRRESERVE

| - I. INTRODUCTION.. .

The Hazelwqod-Botanical«Preserve,ﬂsituated-si;teen«mileaﬁnorth.of
Cincinnati, Ohio, is a. seveniy.acre tract.of.ground,. secured.through. .-
the activities of -the-Blue Hydra Rotanical Society and.is to-be.devoted
to the study of botanical problems. In 19?5"th15*5°919t3-9?°§?Pr°9f9"?
campaign to ggcyre.the~trggt,for.the;Depg;tmenﬁ pr,Bptany:of the Univer-
sity of Cincinnati. Throqgh;theugenerqsitytofig?g;pgg:9§:mggvap§ﬁwog9n
o:_th;s city»gpg;vicinity,fa fupd;ofrpwegtf-fivebthouéand dollars was
secured to purchase and endow.this tract.. |

. The occurence of a colony of unugga}.plantgfyas?Qpefpf.thgumaiﬁ
reasons torithe‘acQuisitipn~pf¢thigltrdpt.‘$he.e;;gtpnggvoffth;s -
colony, composed of several morthern.species-in-the midst-of tho region=
al climax mesophytic. forest-of.southern derivation, offered-a problem
that hes-been-approached-from:-various- angles.-Their method-of -entry,
the study of-factors contributing to their survival, the geological
formation and. development pg;thglagggggg‘épgicatedAbynthe-stratification.
of tha'swamp soil and theqrockf9gtpropp§ngs;fa;e phases.of thefinvesti-
gation, Stud;esnyplnting'tp'evgbqpatiqn, soil moigturgnand;temperaturefi
and soil structure ggd‘qqmpoaétipn.have been made, enabiing.pompg?isppd"a
to be drawn of the;hgpiﬁg§s59ccupied.by'the relics with those occup;pd
by othe;‘tygésuqt vgge?g?ign:“?hQ;digcontinuous.distribution'oththeseum

boreal relics and the other unusual plants of the colony is also an item
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Fig. l. General location of the area studied.
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[ P ... B ey et meme mem = C s e - v eer e mca e

»of.intereetJ All”are*absent“from,or'are rare in the floras of this and

-1.neighboring etatee.

v of the -seventy: acree included in thie Preserve, approximately ten
A.acree are swamp land, forty acree ‘are in forest, ‘and- the remainder under

cultivation. The ‘area’ mapped has a total relief of sixty- feet and covers

s the southwest corner of the Preeerve and other abutting property, necee--—‘

earily included.*A_perueal of the maps (Fige.:l and 3) will show that the
| Preeerve'ie-traversedﬁin;thegeouthwest'corner'by a‘main-ravineﬁin a-gen-

’ eral“northneet-eoutheastidirectibn‘with eeveral emaller‘tributary ravines
entering at approximately right angles. The ‘main ravine and the two
larger branchee have ewampy, flat-bottomed tloors and are cut by etreame
‘ that have their eourcee on thie and- neighboring property.vThe angle of

:.elope of the eouth bank of the main ravine is relatively eteep in com--

- parieon with that’ of the north bank The elopee and uplande are: foreeted..

B The uplend of the eouth bank and that- portion of tho ‘north bank
down to the tenfoot contour, ie compoeed of clay loam, the remaining

'areae of enady eilt. ,b ‘ | ‘ |

The peseibilitiee of this tract for botanical work are great the |

: area preeente a wide range ot habitat conditione and a varied flora in-

. cluding an interesting relic colony, exxellent opportunitiee are afford-
ed for eucceeeional gtudies relating to hydrophytic and meeophytic |
communitiee, cleared portions and Openinge give concrete examplee of the
return of foreete into denuded .areas; recently farmed areas provide

'ample room for: work in propagation, ‘tree- eeed germination and related |

"probleme. The acquieition of thie area. wae the more deeirable becauee of f

Tthe poeition of the Cincinnati region betveen the great centere ot die-

- pereal, namely, the boreal, the eouth-eaetern meeophytic and the prairie.

The foreet ie moetly primary growth, climax in- nature, and ie one -






,séll
of the few areas of this type remaining in this region. With the exception
:of some white oak- (Quercus alba) and tullp (Liriodendron tulipifera) cut

wout fifty years ago, the woods: have been unmoleated. Second growth woods ir
are’ ¢onf1ned chiefly to- the south bank, on the north bank are a few opan="
<inge and a-clearing,‘the letter probably ueed for.farming many years ago.

-

o II. TOPOGRAPHY AND GEOLOGY )
Areas of Illinoian drift are round on the uplands of both banks. |
From this: poriod until early Wisconsin glaciation, it is probable that.a
ravine existed in- the present location but the direction of flow of. any
stream. or streams in that ravine. their inlet or outlet, ere no longer
."eVident. It is the change vrought by Wisconsin glaciation that is of in-
' terest at present. The southern margin- ot the Wiaconsin ice sheet-is
tentetively'pleced'about'one nile'mortnvof the Preserve (. ), but local
" evidenceiindicefee that it'ie much closer ‘if not on‘the nrea‘under dis-
cuesion. t o _ | ‘ - o
| Ai present, two terraces can: be discerned along the north bank
, (Figs. 3 4 and 7)., At the union of the main ravine with tho largest
| arm from thennorth,-the'lower terrace mergesginto the swamp floor. At
tne eestern:end;~thieaterrace»ia\abou$'tventy-feet above the ravine:
floor and*quitevbroad. Fifteentfee£=above=this ferrace, another'indis-
tinct terrace is noted, Thia may be the result of a temporary lako, such
as could be: tormod by the accumulation. of ice. ' | ‘ |
A protruding arm' of ground rrom the north bank(A, Fig. 3) and the
position of another'large_ravine:opposito,nindicate-a tormer outlet or
overflow of this temporary lake. Thevabruotahead"of this reviné.appeare-

artificial;iconversations with older'reeidents indioate that improvementi



Fig. 4. Junction of terrace and swamp floor
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of a road required filling-in to level the grade. A few hundred feet
south of the road another ravine, beginning at "B" in the aerial picture
of the region Fig, 2), may have been the continuation of the larger arm
that served as the lake outlet. Cooper creek receives the water of this
small ravine and flows in a direction parallel to the main ravine of the
Preserve. It also serves as the main drainage stream of the region. The
nature of its rock bottom with a width of more than fifteen feet indi-
cates the passage of much water, all this in marked contrast to the
stream now flowing through the Preserve east of the lake barrier with
its gently sloping banks and very slightly eroded chammel, the banks por-
traying age and the channel youth.
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Fig. 5. Stratification of the swamp as indicated by borings.

With the preponderance of water from the north or perhaps because
of the nearness of the ice margin, the main stream was forced along the
south bank, accounting for the pronounced steepness of that bank in con-
trast to the north bank. The retention of steepness is due to the sandy
soil allowing interior drainage and thus preventing surface wash.
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The two terraces and the flat-bottomed ravine indicate a former
lake formed by one or more ice or boulder obstructions. The present in-
definite outline of the higher terrace implies a brief existence of the
lake at that level. Accumulated ice, superimposedon a more permanent
boulder base, may account for the formation of these terraces. With
larger quantities of drift-laden water coming from the melting ice sheet,

much material was deposited in this ravine, favorably located for the

6" SiND / BROWX CLAY SAND & CLAY YELLOW CIAY YELLCW CLAY BROWK CLAY

Fig. 6. Stratification of the swamp floor as indicated by borings

it

dreinage of the large flat undissected area to the north. Boulders of
various sizes bear witness that such deposition took place near the east-

ern end of the Preserve,

The whole area to or somewhat above the level of the higher terrace,
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| 30" GRAY CIAY GRAY CLAY GRAY CLAY BROWN SAND GRAY SAFD |
36" GRAY Clay CLAY GRAY CLAY BROWE SAXND BROWYE SAND GRAY SAND
| 42" GRAY ClaY GRAY SAKD GRAY CLAY BROWN SAXD BROWE SAKD GRAY SAND J
48" SAKD BROWX ClaAY BROWE SAKD BROWI! SAND GRAY SAFD f
| 54" GRAY SaAKD GRAY SAND GRAY CLa BROWE SAND GRAY SAKD GRAY SAND 1
60" GRAY SAND BROWN SAND EROWN SAKD GRAY SAND CCARSE SAND CLAY
66" EROWE SAND WHITE SAYD CRAY SAND CCARSE SAXD GRAY CLAY ’
72" BROWN CLAY BROWE SAKD BROWY SAMD GRAY SAMD COARSE SAND GRAY CLAY
78" BROWN CLAY GRAY SAND BROWN SAXD GRAY SAND GRAY SAND GRAY CLAY %
84" BROWNX ClAY GRAY SAND AXD & CLAY ™ GRAY SAKD GRAY SAND GRAY CLAY |
_fso- COARSE SAND VERY CCARSE SAND SAID & Clay WEITE SAND GRAY CLAY f
96" COARSE SAND VERY COARSE SAID, SAXD & CLAY SAED & CLAY SAND & CLAY ORAY CLAY |
(102" WEITS SAND > COARSE SAND SAKD & CLaY SAYD & CLAY SAFD & CLAY SAND & Clay
108" COARSE HROWN SAN ITE SAND SAXD & CLAY SAFD & CLAY SAND & CLAY SAYD & CLAY
vn;- WEITE SAND WHITE SAID SAXD & CILAY SAYD & CLAY SAXD & CLAY SAND & CLAY |
im'tlm\ WEITE SAND SAID & CLiY SAXD & ClaY SAID & CLAY SAND & CIAY
;
BORING NO. & BCRING NO. 6 BORING KC. 8 BORING NO. 11 BORING NC. 10 BORING KO, 9 !



View of lower terrace at the eastern end of the mepped ares.

l‘ig. 70.
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was probably flooded. Later and for a lcnger tino; a lake stood at the
lower ternace level. Witn the water at this level, tho:present navino'
floor below the main tributary would havo'been flooded; above thiafa
swamp, or a swamp with numerouo ponds wns’formed; Into this lcko,lat
either or both levels, the‘greaterfquantity of detritus vaolbnought
from the north, Much of this was deoosited on tho north bonk,thence tne
none gradual slope of that bank, That the lake uas of long duration is . .
indicated by the depth of the stratiffied deposits of the valley floor
(Fiés.-s and 6);- by the woll-markedrterrace; now cut by smaller ravines
whose extremely youthful topography is in contrast to that of all othor
ravines in the area; and by the stratified sand (now sand ‘rock) depos- B
its appearing in some of the banks. Later, after the main body of the. ]
lake had been drained by the formation and dovncutting of an outlet by :
the prosent'stream at tho'oastorn-end of the lake area, a part of thc
“valley deposits may hnve been reworkod’by-a meandering stneam,’still
partially blocked thus accounting for the alope of the apparently
flat-bottomed ravine floor.

Very rocently tho cutting of tho toreat on land ‘west of the Pre--
serve has added a superfioial dopoait on the former swamp floor. The .
main atream has cut & definite channel in the ewamp floor throughout
its entire length and drainage of tho swampy areas has started. Areas
kthat a few years ago were impassable, are now only moist and solid
'except during periods of excossive rainfall, | 7

In order to study more fully the development of the ravino»rloor
and possibly obtain some information concerning inlets or outleta. two
gseries of borings were made. The position of these can be found on the‘f
general map, figure 3. Marked stratification of the swamp filling is
noticed'from figureo 5 and 6. In the‘study of these figures, the seem-
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ingly abrupt difterences in thickness of.. layere are due to the extreme'
lateral crowding of the diagram. The distance from hole 4 to hole 2 18
about‘threerhundred_andrtwenty‘feet.while thatrfromihole-s to hole 9 is .
elightly more than one:thousand feet. The first of‘theee series of boringe
is located in the main lateral ravine with holes 4 near the head of the
1ake f£illing and holes 3, 1 and 2 1ocated in the middle of the main
'swamp. The second seriee is in the- main ravine with hole 5 near the head»v
and holes 6, 8, 11, 10 and 9 down the center of the ravine floor to the
east limit of the mapped area. Greater differences of. thickneee ocecur in
the strata of the main swamp due'to the faeter filling of the eotth end .
and the probable- position of an outlet: opposite hole 10. The. 1ayere
appear quite definite and- regular until in the proximity of this hole
where several discrepanciee'appear,-beet'explained'by~the fcregoing' |
reasons. At hole 8, the thicker clay and eand-clay layer is due to the
effect of waehing frcm the: ncrth. The great preponderance of aand at
holes 10 and 11 would be very poesible with an outlet at the eouth ra—
vine, the heavier ‘sands being.deposited, the colloidal claye carried of£>
by the flowing water. The very tenacious sand-clay layer covers the

lower levels of the whole area once eubjected to inundation.

 III. VEGETATION |
The vegetation of the area can be grouped into three major commun=-
itiee; swamp, forest and ruderal. |
o - A, COMMNITIES
1. s - _ |
The’eeamp communitiee'occnrvinvhabitate that,range:fromAextremely

wet, i.e., with standing water.over emaller or 1arger areas for the |

greater oart of the year, to»approiimately mesophytic COnditione'Vithk



Fig. 9. Impatiens-Polygonum. community on the swamp floor of the main
ravine.
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standing water present but a ehort'timeﬂduring'the spripg mentha. The -
whole range of conditions is found on the western nalf of the~maih ra=
vine floor, iﬁ the side arﬁs and at places~alongrthebbasee'ef elopee;
excessively wet because of seepage. The remeining parts of the ravine
‘floor reseqble, in moisture cenfent; the forest floor of:the:slopea,
because of the drainage effected by thevdeebly cutting streem.e S

On the wetter areas, the herbaceous far 6utnumher the-woe&y
plants both in species and individuals. Due to differeneee in time of
blooming; the aspect changes with‘the progress of the growing seaeon.e
During the early spring months, marsh merigold{(Cgltha palﬁstria) with
its yellow flowere is very coespicuous. Iﬁ May énd June, riceucuf-graae
(Leersia oryzoides), arrov-leaved tear-thumb (Polygonum- aagittatum),v
- touch-me=-not (Impatiens biflora.) and cat-tail (Typha lat:.folia) appear. :
Leersia and Typha dominate inﬂthoee;locatione where etandzng water is |
‘preeent throughout the_&ear;:fhe‘?eIYgonum'and'Impatiens in habitats
submerged for~shorter ﬁeriods. A wiilow-(Selix:nigra)‘community of
young 1ndividuala is growing on the ravine floor west of the Preaerve
‘where standing water is prevalent during the spring and summer, and -
where later, the eoil is very boggy.

Two other communities,. dominated by older willows, are found vhere
the land is drier, due to the depth of stream cutting. As ohe goes east=.. ',
ward, these willows increase ir'eize;-the individuale‘ef the last commun-
ity averaging over two feet in thickness. This soil drainage is :probably
of recent occurence, as igformed-residents claim,thaf ten years ago:most |
of the floor'tenanted,by the willows was-well-nigh impaseeble.fA grazed
grassy meedow'is'preeent hnder~the oldest willows. Berdering the stream -
which has cut a bed over five feet in depth, ironweed (Vernenia.fascieu-

lata) is common, especially in the more open spaces. Single. communities



Fig. 10, Swamp floor vegetation near boring No. 6.
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of Joe-pye weed (Eupaterium‘purpureum) and‘elder'(Sambucul 9anadeneis) |
are found on the floor in the drier places. N L ’

Between the latter w1llow communitiee, purple willow (Sallx pur=
purea) was planted years ago in an effort to overcome cattle loeeee.
~caused by a quicksand formation. Thie planting has - flouriehed and today
is a very prominent- community in the swemp area. '

Elm (Ulmue americana) and sycamore (Platanus occidentalie) ‘are
found dietributed where hydro-mesophytic conditions prevail asnalong-the
- sloping margins of the north bank. Young elm and' sycamore are present. as
an understory in thoae places where they form part or all of the canopy.

Near the eastern: boundary where the creek bed: is some five or six
feet ‘below the mean floor level, the influence of grazing: ie seen 1n the»
presence of many typical meadow grassee. Gardene and pasturee occupy
these flats except at-the-baeee‘of the slopes where seepage renders the |
soil too wet and rice cut-grase and tear-thumb dominate. |

These communities, eepecially the willowe, demonetrate the changed
which has taken place because of the eimultaneous actiona»of deposition :
land etream entrenchment. Especially is stream’ entrenchment, progreesing
headward altering the nature- of the ewampy area’ which previouely covered'
the whole ravine floor. The oldest willow community occupies the part of
. the flat where'the'stream ie‘moet-f deeply intrenched »Accompanying thia
change will be an invasion.of the more mcapphytic treee, already started
by the elm, ash and sycamore along the margin. '

| Following is a 1list of the herbaceoue plants of the hydrophytic and

hydro-mesophytic communitles of the ravine floor‘i'

Agrimonia parviflorau o Lappula.virginiana.
~ Alisma plantago-aquatica Lobelia syphilitica
Amphicarpa pitcheri © - Mimulus alata
Apocynun cannabinum o Nepeta hederacea

‘Asclepias incarnata Parietaria. pennsylvanzca_'



Fig. 11. Vegetation in the north arm swamp, showing Impatiems~Polygonum,
Typha, willow, tree fringe and climex communities.



Caltha palustris.
Carex lurida
Carex sp.
Cryptotaenia canadensis
Chelone glabra
Eleocharis ovata:
~ Equisetum arvense-
Equisetum praeultum
Eupatorium perfoliatum
Eupatoriun purpureun
Geunn virginianum -
- Hypericum punctatum
Impatiens biflora

2¢ FOREST

19,

Penthorun sedoides

Pilea pumila..

Polygonum arifolium
Polygonun aagittatum _
Polygopun acre. . :

-Prunella .vulgaris

Sambucus . canadensis

. Scutellaria lateriflora . .

Solidago patula
Typha latifolia

~ Verbena urticaefolia

Vernonia fasciculata

* Vitis aestivale

The forest communities cover all but one of the slopes. Over half

- of the forest is original growth or only slightly,mddifiéd'by.cutting._

when this study was started and grazing has altered the composition of

the eastern part on the south bank. Second growth timber is best devel-

oped on the south bank but is 'pr,eéent' in the opening and the cut=out

area on the north bank. Young éecondérj.foreét is also encroaching upon

the ruderal community.. -

Beech (Fagus grandifoli;) is the moet;imprtdnt'component of the

original forest. This forest bcctpies generally,'the slopes and upland

level portions that have not been ,leared. On the steep slope of the

‘south bank at the western end, the stand is mostly beech with aomevgugar

maple (Acer eaccharum),,tuiip,jrgd bak:(Quercug-rubra);'On the north ..

bank at the.westernvend, besch is-the dominant; sour gum (Nyssé sylvatica)

and the stumps of red and white oak and tulip indicate.a mixed composition

in paat years, Continuing eastward on the ‘north bank, the percentage of

beech becomes 1ncreasingly greater. The canopy of the beech forest con-

tains the following species, in the ordervof'their'importance:

Fagus grandifolisa -
Acer saccharum
Quercus alba

Liriodendroh tulipifera Qdercus rubra
Nyssa sylvatica
Ulmus americana

Prunus serotina
Juglans cinerea



Fig. 12, Climax forest with Chimephila in the floor cover, Station
"B" is located in this grove.
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This forest represents a phage of the climex type of the Cincinnati
region. lt’ditfers~ffom-the usual regional ciimax in the greater importi
ance of.bﬁech(6). S |

The understory of the climax forest is éimilar in composifion:to '
the canopy.'While beech ' is prominent in th;s iayer, its fregu;ncy‘ampng
treés that are to form the canopy of-the next génerqtion is far below that
of the present canopy. The indications are that the canopy of the~future
will more closely approach the mixed mesophytic regiohal climax., In the
following list, the first four are in the order of their importance, the
others are arranged apphabeticélly.

Fagus grandifolia Acer rhbrum Nyssa sylvaficau_v

Liriodendron tulipifera Carya ovata Prunus serotina-
Quercus rubra : Juglans cinerea Quercus alba.
Acer saccharum ' _ : sagsafras variifolium

Other tree species of smaller sfaturé, shrubs: and. li.apes, as,

Benzoin aestivale _ Ostrya virginiana 'Smiiax hispida
Carpinus caroliniana Smilax glauca Viburnum acerifolium

Cornus florida Smilax herbacea  Vitis aestivale. . .
Hydrangea arborescens S . Vitis cordifolia

add to the variefy of the‘fofeét uhderstory;'Their dist;ibution.ig geﬁéral
throughout the area except the Hydrange# aﬁd Viburnum which are confined
to the slopes of the south bank. |

On first:appearance,7th§iherbgcéoua layer of this forest seems
rather meager, even uninteresfiné; The‘fewneés of individuals and. con-
sequent wide_apacing would indicate a paucity of species, a fact that
closer observation does not bear out; »

The herbaceous plaﬁta of the forest a?é chiefly those common to
auch'areas‘-throughout the Cincinnati region; howevsr, hine species

occuring in small patches are of special interest. These are:

Chamaelirium luteunm Hieracium paniculatum Mitchella,rebens
-. Chimaphila maculata Lycopodium lucidulum Mitella diphylla

Epipactis pubescens - Medeola virginiana Pyrola elliptica



A
Sk

potion of the swamp

Climex forest on the south bank,
community in the foreground.
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Fig.
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0f these, only Hitélla,,mitchella and Hieracium occur elsewhers in'this'
"region, but are nowhere common,

The followzng is a llst of the herbaceous species found in the forest

conmnnities of the mapped portion of the Preserve.

Adiantum pedaium
Asplenium platyneuron

- Polystichum acrostichoides

Onoclea sensibilis »
Botrychium virginianum -
" Lycopodium lucidulum-
Equisetum arvense
Equisetmm praealtum
Panicum-dichotomum
Panicum bosci

Poa sylvestris S
‘Brachyelytrum . etectum
Carex rosea

Carex platyphylla
Arisaema triphyllum-
Luzula camprestris
Chamaelirium luteum -
Uvularia grandiflora
Allium tricoccum

Lilium -canadense
Erythronium albidum
Smilacina racemosa - .
Polygonatum biflorum-
Medeola virginiana
Smilax hispida

Smilax glauca

Smilax herbacea

Sisyrinchium- angustifollum‘

Epipactis pubescens
Orchis spectabilis
Corallorrhiza odontorhiza
Liparis 1iliifolia
Urtica dioica
Laportea canadensis . -

. Boehmeria. .cylindrica

Aristolochia serpentaria

Polygonum acre

Polygonum virginianum

. Silene stellata - '

Ranumculus recurvatus

Thalicyrum dioicum

Hydrastis sanadensis

Podophyllum peltatum

Heuchera americana

U¥itella diphylla

Ribes gracilis

Amphicarpa monoica
Oxalis .stricta .

Rhus toxicodendron
Celastrus scandens

‘Impatiens biflora

Impatiens pallida =~
Psedera. quinquefolia .
Vitis cordifolia:.

~ Vitis aestivale

Hypericum punctatum.

- Hypericum canadense.

Viola. papilionacea
Viola .palmata

Viola eriocarpa.
Circaea.lutetiana. ..
Aralia .racemosa .. ,
Sanicula marilandica .

‘Sanicula.canadensis.

Osmorhiza claytoni.
Chimaphila maculata
Pyrola.elliptica
Monotropa uniflora
Cuscuta..gronovii

Phlox -divaricata . .
Hydrophyllum- macrOphyllum

Hydrophyllum .appendiculatum
Cynoglossum virginianum -

Lappula .virginiana

 ‘Prunella vulgaris

Hedeoma pulegioides.
Scrpphularia marilandica.

Veronica virginica

Epifagus virginiana

. Phryma leptostachya’
. Galium aparine .
- Galium triflorum.

Galium concinnum .

- Mitchella repens

Lobelia .inflata .

Eupatorium urticaefollum

Solidago. caesia »
Aster cordifolius . .
Aster lateriflorus .
Gnaphalium polycephalum.
Actinomeris alternifolia

| ~ Bidens vulgata
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Potentilla canadensis Erechtitee:hierecifolia,

Geum: canadense " : Krigia amplexicaulis:
Geun virginianum . ' Lactuca.villosa: -
Agrimonia moll:e : ~ . Lactuca floridana:
Rosa humilis. : Lactuca.spicéta
Desmodium paniculatum Prenanthes altissima -
Desmodium grandiflorum . Hieracium.scabrum.
Desmodium nudiflorum- ~ Hieracium panzculatum

Groves of second growth forest of dlfferent age and composztzon
occupy areas on the uplands and" slopes that had been cleared. While some
- of the species of the climax are preseut, in no sense do they: domlnate.
In parts of this- forest, pronounced group;ng or domlnance of certain
species is ev1dent instead of a m;xed canopy, local eegregatzon into
,,communitlee composed of but one or two species, usually one, 1nd1cates
the'operation of a eelectlve proceee-or‘local pecullarztmea of seeding.

;Black‘cherry'(Prunus’serotina), red oak,'sour gum,‘hornbeam OCarpinue*‘
‘carollniana), white ash (Fraxinus americana), tulip and sumac (Rhus
':‘glabra) form euch pure stands. ' )
| Commmnities of younger age and more veried composltion occupy
:tthose areas presenting greater extremes of habitat condztions. In these
Afmixed conmunlties, the number of epecies of a particular community
“appeare to bear a definits relatlonship to the age of that communzty.
" The younger.etande have:more-varied~make-upe-and 1nc1ude species that.do

not become:- membere of the. canopy or lose-out wlth the 1ncreasing age of

that communzty unlees particular: habztat condztlons favor them.. Among

' ; such communit;ea:the~:ollowing grouplngs-are typzcel; (1) butternut

(Juglane'cinerea),-red oak, dogwood,(Gornus'florida); (2) red .oak, tulip,
"dogwood' (3) ‘tulip, sassafras (Saseairas verlifolzum), butternut° (4)

black cherry, white ash, tulip and (5) tulip, eugar maple.
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Tulip, maple, black cherry, red oak:and'saSSafras'have g’éeneral‘v
distribution; butternut is most abundant on thevéouth bank; ash and'hornf
beam on the north bank (Fig. 8). | |

The harbaceous layer of the secondary communities contain§ gomé of
the élants found in the climax forest. Where the commmity is close to
the swamp floor, intermingling of swamp and forest formé'occﬁyao»

The beech foest on the property,weét of tha;Preserve.wﬁs luﬁberéd."
in 1926, An indiaériminafe shrubby growth with rank-growing weeds is now
occupying the ravine slopes except at the south end where poke (Phyto-

lacca decandra) has establlahed itself abundantly.

3. RUIERAL

fhe rudgralycoﬁnﬁnity is’cqnfinéd‘to a_émall area pﬁ a;horthlalope;
hemmed in by a; enc}oaching-forest"Golden-rod (Solidago nemoraiis,»s.
altissima), c1nquefoil (Potentilla canadensla), tzck tref01l (Deemodium
paniculatum, D. canescena) and blackberry (Rubus frondosus) dominate,
with grasses and 11chens occupying the intervening apacea. “On all sides
however, the surrounding forest. is encroaching upon this tract, with
young tulip and tulip-aah'communitioé'occupying7considerable'portionsf,

‘Whether.this area was once. cleared for rarming or ia one - of
several similar places where plant life is absent, is dlffzcult to deter—
mine. The size of the trees in the ash and~oak_¢ommgn1ties thet partially
separate it from a field on the north, indiggte;that if cleared for farming,
a rather long time has elapsed. Another explanation4might be'thgt'mﬁtefial
had been removed for the manulacture of:bricks, used in the early homes.

This latter idea would‘assiat in the intgrpretation‘of the present végeta-
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- v't_iya‘.. cover, The ‘me.tv.;rity:of this 'ce.ver-.is- mich Less than that of the tree
"communitiee”on theicleered'areae of‘the:eeutﬁ“bahk;-The exposed sebeeil

"'nght have: delayed ‘plant eetabliegment thus accounting for the herbac-
.eoue-eepling growth on the north: bank in- contrast to the almost mature |
tree commnnitiee of the ‘south bank, both produced in about the same
period of time. 7 .
On both'eideSVOf'a lane that'ekirfe the'eest.boundary of thelPre-
L_serve, are eingie east-eleping areae'thet‘have been bare«for fiftybyears
‘and which reeidente claim are similar to the ruderel covered area. A few
’;berry ‘vines and plants compriee the preeent growth.
ihe. eoil of these latter areas ie very looee and mealy and erodes
| easily while - that of the former is more comparable to that of the adjac-
ent field, i.e., clayey. o .
B SUCCESSIONAL Remrions: -
Steges in primary and eecondary eucceseione, both hydrarch and mes-
| arch are discernable 1n the Preserve. Lhe primary hydrarch series preeente
a greater number of stages becaaee of the constant and rapid changes taking

place in the habitat.

1. PRINARY SUGCESSIONS @& I |
Water covers the £loor of the west end of the main ravine for the
.greater pert of the year. Sufficient water is~1ack1ng however, for the es-
tabliehment of a trus. aquatic etege in the hydrarch eucceeeion. In thie
‘and eimilar habitate, such as exiet at the base of the- eteeper slopes where~
L.exceeeive eeepage 13 encountered rice cut-graee is- preeent as & eingle

‘dominant. 1t also appears that cat-tail may have been, in other localitiee .
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Fig. 14. Successiomal stages in the mapped area of the Preserve.
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a pioneer with the‘Leersiat Preeentvevidence indicates that willow.anddv'
cat=-tail have 1nvaded the rice cut-grass with standing water present but
rthe rapid changee that have taken place on the swamp floor, due to depo-
sition and stream intrenchment, have obscured transitional stages.
Filling-in'of the arms~and~active stream cuttingfin'the main ravine

:drained much of the submerged area. New species grew on these adjacent
boggy places. Marsh marigold is very conspicuous in the early epring,

’ with Polygonum, Impatiens and Carex becoming 1ncreaeing1y ev1dent as the

‘Vseason progresses. With continued drainage, the Leersia and Typha become

less numerous and dense stands or the Polygonum, Impatiens and Carex.
occupy the drier areas. The present communities of lmpatiens and Polyg-

',onum may or. may not have had the cat-tail as & predecessor. '

L Before drainage had proceeded far enough to remove. the boggy places,
' willow had established definite communitiee. Stream damming and fan forma-
tion have caused“an apparent"reversal of‘conditions. the oldest ‘willows -

,being located rarthest downstream, i.e., where the lake may have etayed

.’1ongest. The three definite willow communities indicate that many swampy

‘habitate existed at" different times. The swamp of most recent formation
1n,the.main-rayine'headaie the basis of discuesion in the preceding para- -
graphs, At the junctione‘of‘the:twodstreams.in the center of the main-;d |

- ravine floor (Fig. 3) a- dietinct difference in elevation is noted.

‘ Fans formed by natsrial trom the large arm may- have 80 reduced the

A}gradient of the ‘main- ravzne floor as-to induce swempy - conditions, culmin-

"ating in the eetabliahment of the- intermediate willow community. o 7

The preseut vegetation cover of the main north arm is similar to \

o that found in comparable habitats in the main swamp and has undergone the h
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sma succession of stages. The only exception noted is the absence of the
marsh mrigold.

The eestern and oldest willow community may be the direst outgrowth
of conditions resulting from the early glacial lake, (See II). fecent
grazing has effectually removed any remnants that may have remained of
former stages.,

|
MIXED HESOP%YTIC FOREST

WILLOY - ASH - SYCAMORE

WILLOW -
/ \ | mesmmm-roiom
- TYPHA
-~ :
MARSH HARTGOLD ~
THPATIENS-POLYGONUM

\
LEERSIA

PRIMARY HYDRARCH SUCCESSION

With decreasing quantities of soil water, tree individuals that
generally indicate the presence of a more mesophytic habitat entered.
Their entrance is more noticablemon those more completely drained areas
ts the raised mouths of the smaller ravines, Sycamore, green ash (Frax-
inus pennsylvanica, var. lanceolada), elm and t;lip are the new entrants
that mark the transition from hydrophytic to mesophytic conditions.

The swamp floor in the drier areas also supports a herabceous meso-
phytic growth with great lobelia (Lobelia syphilitica) and dogbane (Apoc-

ynum cannabinum) prominent in the unmolested parts and ironweed in areas

devoted to grazing,
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Early stages of the primary mesarch succession are absent. Later
stages of the succession indicate the development of communities similar
to the present climax but with the beech less numerous. In the cut-out
arees between the remeining beech, the younger trees are the seme species

as found in the understory of the climax forest (III, 1, b).

2. SECONDARY SUCCESSIONS

The large clearing on the north bank offers the only opportunity
for the observation of various phases in the secondary succession on de=-
nuded areas, Hre, and as noted elsewhere on surrounding property, lichens
end grasses are among the first invaders after clearing, plowing and .crop
removal. The present herbaceous growth includes many of the species found
on neighboring fields. Go;den-rod, Potentilla, Desmodium and blackberry .
are most prominent. On all sides however, are evidences of tree invasion
with tulip most important. Closely following are the species distributed
around the margin with maple, sassafras, black cherry, red oak and ash

most numerous, indicating the future occupancy of a mixed mesophytic

forest, |
|

LIXED EESOPFYTIC FOREST

YOUNG TREE COMMUNITY

HERBACEOUS COMMUNITY

LICHENS - GRASSES

SECONDARY SUCCESSIONS
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Fig. 15. Profile, quadrats and hydrogen ion concentration readings

of Transect No. 1.
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C. TRANSECTS
Because of the acquisition of this Preserve and to secure information
concerning migrations and successions in this region and on this area in
particular, four permanent transects, each one meter wide, were laid out

- (see general map, Fig, 3).

- o DESCRIPTION ' _ A
Transect No. 1 (Figs. 3 and 15) begins at Atmometer Station No., 3

and'ﬁontinuea southeast to a point in the black ﬁilloy comnunity, forty-
four meters distant. The climax foéest, the tree fringe bordering the
swamp and representatives o: the‘herbacéous and woody components of the
swamp are included, Most significant however, is the pipsissewa (Chi- .
mephila maculata) society. Here this relic is found in greatest abundance
and undoubtedly finds~a most agreeablp habitat, in contrast to other re=-
corded stations on the Preserve. Competition with swamp and moist soil
forms, together with the broken canopy of the fringing trees is tending
to inhibit its spread swampward, This is shown in a comparison of Quad-
rats 33 and 34. In greater shade and where assisted by a slowly decaying
}leaf cover, reproduction is progressing. Quadrat 34, five and one-half
meters from the swamp mergin, contains the last plant and marks the begin-
ning of competition with other forms.

| The soils of this transect are all sandy silts, common to the lower
levels of the north bank and have a pH range of 4.37 to 7.60. The alkaline
soil of the swamp and- swamp margin gives way to soil that becomes increas-
ingly acid on the slope. A pH range of 4.37 to 5.58 is found in the quad- |
rats in the climax forest. A heavy slowly-decaying leaf cover, a water

supply lower than that of other stations with pipsissewa coupled with a
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medium evaporation rate and 2 high soil acidity as a secondary influence,
react together to limit plant growth,

The twenty-five quadrats between Atmometer Station No, 2 and 3 form
Transect No. 2(Figs. 3 and 16). This series is marked by the presence of

® ATMOMETER STATION N2

- ne3 r
S S 10
e 15
414 428 427 477 500 5.0 bt : 20 M.
402 408 441 420 49 S50 512 507 518 Wi
432 435 464 4.86 510 506 500 512 511 500 bl
418 4.18 436 432 499 515 500 5.2 500 508 511 5.2
510 500 508 521 512 500 5.06
GREATEST DIEFERENCE M ELEVATION 5090 5.00 507 5.5
1S & FEET -8 INCHES 502 5.04

READINGS TAKEMN AT SURFACE
AND SIX-INCH DEPTH

Fig. 16, Profile, quadrats and soil reactions of Tranmsect
No. 2

clay and sandy soils, On the latter, the same vegetation is found as in
Transect No. 1 of which it is a continuation. On the former, the parasit-
ic beech~drops (Epifagus virginiana) is very abundant. The clay soil has
the most meager variety of species and individuals in the Preserve. The
habitat conditions, & high colloidal content (28.70%), @ water supply in
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Fig. 17. Profile, quadrats and soil reactiomns of Tramsect No. 3.
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excess of other stations, high acidity (pH 4.37 to 4.86) and poor drain~
age with consequent poor aeration appeaf to be unfavorable for plant
growth.

Transect No. 3 (Figs., 3 and 17), ninety-one meters in length, tra-
vorses the greatest possible variety of habitats. Begimning at the top of
the south bank in the secondary forest, it proceeds northward through the
swamp to the north bank and into the climax association., The soils en-
countered vary from the clay on the top of the south bank and the slope
of the north bank to the sandy silt on the south bank slope and ravine
floor. The acidity relations are the same as in the other transects, in
general with the clay very acid, the swamp floor neutral to alakline and
the sandy soils intermediate,

It is on the north end of this transect that the greatest differ=-
ences between soil water content and evaporation are encountered. A high
silj-sand content (85%) provides good drainage and exposure tot he pre-
vailing westerly winds produces a high evaporation rate. Acidity is some=
what less than in other similar soil localitios, probably occasioned by the
better drainage.

The quadrats of the swahp floor have a dense cover of Polygonum ari-
folium, P. sagittatum and Impatiens biflora with Equisetum arvense, Pilea
pumila and several species of Carex and grasses interspersed. The water
content of the swamp floor has been greatly altered during éhe past few
years because of the deeper cutting of the draining stream and the depo=-
sition of soil washed from the denuded slopes immediately west.

The 80il of the south bank is composed of a sandy silt, genérally
dry and exposed to the west winds. Soil acidity varies from PH 4.07 to
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SYMBOLS AND PLANTS FOUND

TRAN

IN
SECTS

Acer rubrum

acer saccharum
Actinomeris alternifolia
Agrimonia mollis
Amphicarpa monoica
Amphicarpa pitcheri
Aristolochia serpentaria
Aster lateriflorus
Benzoin aestivale
Bidens vulgata
Boehmeria cylindrica
Caltha palustris
Cardamine- bulbosa
Carex diandra

Carex frankii

Carex laxiflora

Carex lurida

Carex platyphylle
Carex rosea

Carex sparganioides
Carex sp.

Carex vulpinoidea
Carpinus caroliniana
Carya glabra-

Carya ovata -
Catharinea sp.
Chimaphila maculata
Cinna arundinacea
Circaea lutetiana
Cladonia sp.

Clavaria sp.
Collinsonia canadensis
Corallarrhiza odontorhiza
Cornus florida
Crataegus sp.-
Cynoglossum virginianum.
Cyperus sp.

Desmodium nudiflorum
Desmodium paniculatum
Dicranum sp.

Epifagus vitginiana
Epilobium coloratum
Equisetum arvense

Er
Ed
Ea

PEOHEZRFFREOR AT
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gegg@Te=

Erigeron annuus
Erigeron philadelphicus
Eupatorium perfoliatum
Eupatorium purpureun
Eupatorium perfoliatum
Fagus grandifolie
Fraxinus americana
Galium circassans
Galium concinnum
Galium trifidum
Galium triflorum
Hedeoma pulegioides
Hieracium paniculatum
Hieracium .scabrum
Hydrangea arborescens
Hypnum sp.

Impatiens biflora
Krigia amplexicaulis
Lactuca spicata
Lappula virginiana
Leersia oryzoides
Liparis 1iliifolium
Liriodendron tulipifera
Lobelia syphilitica
Ludvigia palustris
Luzula campestris
Lucopodium lucidulum
Lycopus. americanus
Kimulus alata
Mitchella repens
¥nium sp.

Yorus rubra
Muhlenbergia sp.
Nepeta hederacea
Notothalus.sp.

Nyssa sylvatica
Osmorhiza claytoni
Panicum bosci

Panicum dichotomum
Panicum phuachucae silvicola
Panicularia nervata

'Peltigera sp.

Philonotis fatana



Phryma leptostachya
Pilea pumila

Poa sylvestiris
Polygonum acre
Polygonum arifolium
Polygonatum biflorum
Polytrichum ohioense
Potentilla canadensis
Prunella wvulgaris
Prunus .gerotina
Pyrola elliptica
Quercus alba

Quercus imbrecaria
Quercus rubra

Quercus velutina missouriensis
Ranunculus recurvatus
Ranunculus sceleratus.
Rhus toxicodendron
Riccardia pinguis
Rubus frondosus

Salix discolor
Sanicula marilandica.
Sassafras variifolium
Scirpus atrovirens
Scutellaria lateriflora
Sisyrinchium angustifolium
Smilacina racemosa.
Solidago. caesia .
Solidago canadensis
Solidago sp.
Thalictrum dioicum
Typha latifolia

Ulmus americana
Uvularia grandiflora
Vernonia fasciculata
Viburnum acerifolium
Viola palmata-

Viola sp.

Vitis cordifolia

37.
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more than 6.00, being generally more acid midway down, where a small
colony of Mitchella repens is established. The vegetation on the upper
portion is verynpoor, composed mostly of tree seedlings, but improves as
the soil moisture increases toward the base of the slope. Moss mats are
numerous with Hypnum and Catharinea commonest. The clay silt forming ths
top of the south bank is less acid than the slopes, with a pH between 5.75
and 6.41. |
Trensect No. 4 (Figs. 3 and 18) is composed of thirty quadrats and

includes the upland clay silt of the south bank and the sandy silt on the"
slope. The large moss=covered areas and the society of Pyrola elliptica
are distinctive. Both are found on the slopes, the mosses distributed over
the upper half, the Pyrola just above the seepage zone. A few pipsissewa
are also found at the beginning of the transect in the clay silt, the

only station for pipsissewa in the Preserve, with these conditions. The
hydrogen ion concentration is the same as for similar soil areas and the
vegetation it supports.is comparable to that of Transect No. 3 in quad-
rats at the same elevation. Tree seedlings are very numerous. On the
. slopes with more soil water and a lower evaporation rate, the amount of
growth increases. Soil acidity in general is greater than that of other
slope transects.

' The Pyrole community appears to be in a static condition with no

noticeable change in population. The steepness of the north slope in

the vicinity of this socisty, effectually prevents the reception of

direct sunlight. A sandy acid soil, a medium water supply with a not too
great evaporation rate, seem to be the characteristics of the environ-

ment (Figs. 19, 20 and 22).
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The exposure of this transect is more to the north east than is that
of No. 3 and a better growth would be expected because of the absence of
the drying winds and their evaporative effect.

646 | 578 | aas |457 a2
584 544 1436 443 |47 |4.6
624 541 426 410 488
562 504 459 4.21 465
457 >0
465 :
_25|
20|
UPPER NUMBER OF EACH PAIR *
REPRESENTS THE pH AT GROUND
LEVEL, LOWER NUMBER AT SIX INCH DEPTH 2 ais =
443
432”422
10
.

Fig. 18, Profile, quadrats and soil reactions of Transect No. 4.

b. SUMMARY

An analysis of the four transects shows a range of soil reactions from
pH 3.83 to 7.30 on surface soils other than those of the swamp floor. Within
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such wide'limits'the occurence of many different species»would be expected.
] Certeis of'these~cemprising'the relic group occur injisoleted or restricted
colonies. thle‘such restriction‘of'fho relic species is evident, it. is
| believed that‘this restriction is'due'not'to the'hydrogen ion concentration,
: _per se, but to a group of factors, of which-pH is- probably one-of the- least
important. Concluslcns seem to warrant the premise taken by Geisler (9)
'and Khrz (ll) that many specles grow under widely varylng soil reactlons
and that there 1s nothing: to;indicetepthet.so;l‘reactions are responsible
'for species distribution in'generel; seil'scidity'or alkelisity.is more of.
._a mediate than an 1mmed1ate factor. | | |
Varzeticns in the swamp soils are less marked';reactions -range fronm ,.
6.09 to 7.60 pH wzth very few below neutral. These may>be due to<locel
' condltlons. Ac1d1ty here, as on the slopes and uplands, appears to have a

'very minor role in the presence or dlstrzbution of specles.l

- _ Iv. HABITAT FACTORS ‘ _

. The etudy of habitat factors, includzng so;l m01sture, temperature,
!chemlcal composltion, collozdal content and acid reactions, and evapora-;
tion was undertaken to determine*envirqnmental varlations and-to ascertain
‘from these varietions; reasonS‘for’the persistence of the relic species. .

.'Since .these elements in- the flore of thzs Preserve- occupy no deflnzte

» pos1t1on in the succeseional scheme, the study of their env1ronment alone

may indicate the condltlone, favorable or unfavorable, for thelr;persiet-
ence. It is~alsc reasonable to believe-that a knowledgevOf this'particular'
area, one of the few remaining examples of the reglonal climax forest, one

1,1n which competition ‘of unllke edimatic vegetation .groups = climax forest,
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under growth and local relic coloniee - is proceeding; and, one uniQne
in its proximity to the Wisconsin ice sheet, will serve future purposes

as weel as those of the present,

A, DESCRIPTION
_ This factor study includes iwo phases: '
1. A generel survey of the: vwestern part of the Preserve (1926-7) with
‘ selected stations that- w111 enable the comparison of hebitats w1th
and without relic species. ! '

2., A more detalled study: of Special locations (1928),. centerlng about the
presence of pipeieeewa. Thﬁe plant has the w;dest dletribution and '
greatest number, of the rellc group. . -

- For the work of theveurvey,'six‘efationS'werefchoeen:

No,:l. Climax forest on the'north beek' eoii a'sandy silt having a very
thin humus layer, generally: less than one inch. With the excetion of two
pipsissewa plants, there is a complete absence of lov vegetation. A heavy
leaf cover persists in thia area, ,

No., 2. Climax forest on the north bank, about fifty feet north of Sta-
tion No. 1.'A clay soil supports a cover of moeeee,’liehene, poieon’iyyi
and beech-drops but pipsissewa is'abeent. The eoii difference impelled'the ‘
chozee of this station. |

No. 3 Climax foreet on the north bank about eighty-five feet eouth-
east of Station No. 1. Pipsissewa, Viola, Amphicarpe monoice,vCarex diandre,
Galium concinnum and other varieties are foend-on a'eoileeimilar to that of_
Station No. 1, but with a>geﬁera11y lower-watef'eonfents |

Pyrola. Climax forest on the eouth bank, near the lower end of Traneect

No. 4 and about eight feet from the baee of the elope. ‘The soil is a sandy
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8ilt with a medium water content. Pzpsiaaewa is abaent.
Swamp. This statlon is located in the center of the main ravine floor,
~ about one hundred and fifteen feet”from‘the‘weettboundary;fence,’swampy,,
though rapidly drying out because of reoent'deoosition and drainage. It
marks the area of greatest development_of"the impetiens-?olygonum'commhn-'
ity. H | | | _
Krigia. Climax forest on the north bahk with’a-eandy gilt soilt This-
-location was choaeh to note the effect of exoosure; Ripsiesewa“iS“abseute
while at Stations No. 1 and 3 it is present under.a similar canopy and in
~a similar soil. o t " | _ | ,
No. 4, Climax forest on the aouth bank, about four feet above the awamp
| floor and but a few feet from Quadrat No. 28 of Transect No. 3. lhe soil
contaxns a large qugntity'of vhite sand and also muoh,humus, consequently 7
is darker than others mentioned.¢The;pipsisae'a istat the'upper margin of
the seepage zone in the midst of many moss cushzona and a varied herbac-
eous growth, This station, in common w:.th No. 5§ was established later in
the season of 1926 and only soil moistures and temperature 8. were taken.f<'
No.5. Climax forest on a steep east face of the south bank, The soil
’19 a sandy silt and- supporte a éiant community of varied make-up.»~ }
No. 6. Red ek Community. The red oak merges with the beech at thi;'
otation, on:a elay soil with3e poor herbaceous growth. Located on the upland '
near;the slope,~it is auojedted tO“winos'that are'too‘high~to Bo affeoted
by the more" humid atmosphere inundlately above the swamp. A relatively o
high evaporation rate results, v

In the second phase of’the work (1928) seven: stations were used,

four of those.just described, Nos. 3, 4, 5 and 6, and inkaddit;on:'

"B* Climax foreet'on the north Bank with a sandy silt doil near the
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junction of the terrace, formed during glacial times, and the ravine floor.
Pipsissewa is present with a general mixture of herbaceous forms locally
present, ; | | , | "y | .; o

"P* Oak-Dogwood Community that fringes the swamp marginvofithe north bank
and merges into the climax rorest. The sandy soil supporte a transltion ‘ o
type of Vegetation, swamp and swamp margln varieties 1ntergrading with the
. herbaceous plants of the forest floor, It is in this particular area that
pipsiesewe finds its greatest developﬁent‘and'where the~other.herbaceoos
growth begins to thin out under the heavier canopy of the beech forest..

"D" Climax foreet on the silt upland soil of the north bank just out-;A
side the Preserve., Thise plants are over. four hundred feet from the'closest'
known plant (Station No. 1) and ‘more -than five;hopdred feet from its'efea
of best development (Stdtion 'P"), A varied herbaceous growth covers the
forest floor, The individual beech trees are among'the largest_foﬁnd in the
mapped area, . | 7 |

5011 moisture, temperature and evaporation readinge were taken.at the -
statione deecribed for all or part of the tlme covered by thls work. Soil |
‘analyses, determinations of colloidal content and hydrogen ion concentra-

tion are aleo covered

| -B. CLIMATIC FEATURES
The teﬁperaturefrainfall curves are.included in order than ajbettei
conception my be had'of the general climatic copditiona (Fig. 21);'Theee‘
are based on~the readings of the Cincinnati Station of.the'Weathei-Bureau‘
and the time intervals ere.so arranged as to coincide with the time inter-
vals of the experimental data. A conaide:able variation wae-often noted |

between temperatures and rainfall of Cincinnati and Hazelwood (Table_z);
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these places are about 14 air-miles apart, and led to the establishment of
a local observatory in July, 1928,
TABLE 2.
TEMPERATURE-RAINFALL COMPARISON

OF
CINCINNATI AND HAZELWOOD

Temperature Rainfall Inches

Cincinnati Hazelwood Cincinnati Hazelwood Rains
July 76.,0° 72.0° .50" (2) 1.32" §2)
August 75.6° 71.0° 2.85" (5) 1.49" 8)
Septembet 63.8° 62,1° 1.27" (%) 1.32% (6)
October 59,.8° 61.2° 3.18" (7) 4,01 (10)
November 42,0° 45,1° 2.85" (10) 2,93" (9)
Mean 63.4° 62,0° Total 10,65" $29) 10.88" (35)

The average rainfall for the Cincinnati region is 38.55 inches, 527
of which falls in the season between the average date of the last and the

average date of the first killing frosts, i.e., in the growing season.
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From the average date iest'killing frost on April i4 to the a#erage
date first killing-froet on October 25, is 194 days, the growing season.
From ﬁhe.limited‘infermetioh available, the tendency seems to ee for less:
'temperatﬁre differences at Hazelwood brhieen summer and fall. with approx-
imately equal precipitation, the rainfalliie leee evenly’distributed over -
the latter part of the growing season though the nymber of rains was. .
larger. The location of the Preserve on the high level uplande in contrast to ‘
to the disaecfed topography‘of Cinclnnati may help explain theee d;ffer—

encase.

A o J_C:f EVAPORATION . o ‘ :
Standardlzed cylindrxcal poroue cups atmometers with eimple rain-cor-
recting mountings were used for all stationS*except the Swamp and Xrigia,
where ‘Shive type mountings (12) as checks, were run parallel with the former.‘
typss. Discrpancies began to appear in the readings or the Swamp atmometer
with the increase in growth of the vegetation (Table 3). The heavy dew and
consequently, the saturated atmoephere of the nlght and early morning and '
' evening hours in the dense Polygonum—Impatiena growth, caused a revereal
of flow when the ordinary mercury valve was employed. Two Shive mopntinga
were .constructed, the duplicate at*the'Krégia.stafion,being used as & . N
check upon the standard instrument. (Tablev3).~Immediateiy.afterhuae in
the field, all cupe were restandardized with no. factor changes.greater.
than .02. All- Swamp readings giveu in the figuree are made from the inetrun
ment with the Shive mounting.v "_ |
: The condistently high evaporation rate of the Krigia station is eeused
by the exposure brought about by the forest removal-to«thevweaf.,Efery ’

wind from the western sector blowe over this station and with,the-higher :

temperatures generally enCO“ntéde,'conditiene for increasedevaporation



Fig. 22, Average dgily evaporation for all stations.
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are prpduced. Since the Krigia and Swémp Stations, the latter‘when.iggeta-

tion is still immature, are exposed to‘west winda, they COﬁsequently show

higher evaporatlon rates. ‘During 1928, Statlon No.: 6 also with a western

exposure, exhibited the same reaponsea, but the canopy of the slope trees .
TABLE 3.

COMPARISON OF EVAPORATION RATES

OF ATMOMETERS WITH
SHIVE AND STANDARD -MOUNTINGS-

' SWAMP '; . KRIGIA .

) Shive Standard = Shive = Standard
Sept. 4 «83 cc. .44 cc.  4.53 cc. 4.46 cc,

9 2,72 1,68 - 6,94 7.00 .

17 1.28 - S5.10 5.08

21 1,70 - - . 6446 6.41

30 023 B [odaed : 30 70 ) 30 60

Oct, 9 «53 R - 4,84 4,61

15 2.15 - - 3.98 . 4,02
The above values are for-daily'evaporatioﬁ.[’; |
tends to ameliorate the éffect and preveﬁt such extremes'asfbeset the
Krigia Station. . B | |
The Pyrola Station curvé‘iliuatrateé'fhé tehpéring effect of tree. -
crowns with the gradual'dimunition’of the evﬁporation rate in proportion
to the increased extant of leafage as summer progresaes. station "D",
situated on the uplands is affected by north and. northwast winds but
their travel through a portion of the beech forest greatly reducea their
evaporative pover. 4' » | 7
All other stations have evaporation rﬁtes that‘generﬁllj pargllel
| each other, va:ying’only as minor of very'localwianUencea enfer, and re-
acting only to atmospheric elements that are«modified.in their passage

- through the forest or. over the swamp.
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’ D. SOILS“
| Clay sllt and sand silt soils" are found in the mapped. area. The
former are conf;ned to areas on the top of the south bank and the slopes
of the north bank above the ten foor contour. A rather close agreement 1n
"percentages of,clay,.based on the colloidal mater;al; is noticed for all .
tatlons, except No. 2 and 6o These clay soils are always aczd in reaction
: and when dry are light gray in color and very hard. |
. The sand silt soils of the s10pes vary in appearance. To the 30119
' on the south bank slopes the extra humus oontent imparts a darker color
:than is generally found in szmllar soils on the north ‘bank, The sand con-
| tent is composed of coarser materzal, the silica crystals bslng very con-
;spzcuous when the soils are examined. On the north bank slopes the- hnmus
; content is lower with the soils llght brown or light gray in color. The
reactions are always acid except near ths swamp margln where the- alkaline
swamp water neutral1zes this acidity. Most of the' plants lzsted (111, A, b)sh
'are found on the sandy silts of. the swamp floor, slopes and uplands though
a few also occur on the clay soils,
| .. The clay areas studled have a plant cover composed very largely of
:tree seedlings,ipoieon‘ivy (Rhusfto;icodsndron)‘and-the parasitic-beech- o
fdrops._Stunted scattered indiriduals of Smilaclnafracemosa,'Chimaphilaimac-'
~ ulate, Polygonum-arifolium, Desmodium nudiflorun, sanicula marilandica,
’Amphicarpa'monhica5 Carex rosea-and‘Poa'eylvestris comprise the remein-
_ing herbaceous growth, The clay soil alone is not felt to be the control-
kl;ng 1nf1usnce, rather, in certain 1ocalities as’ statzon No. 2, it 1nten--
sifies the cumulative effect of other factors.-Soil likewise is secondary

,7,in importanoe to other factors as exposure and topography at Station No. 6

;where clay silt 1s present.
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The soils of the swamp floor vary from clay to sandy silts, depending
upon the source ofvihe?deposited materiai. Their cdlor variés from light. to
- very dark brown because of the difference in humus contehf. Excluding.fhose
areas élose-to the acid seépage'zone; all tests give a neutral or alkaline
reaction due to the alkaline water of - the swamp.

The unimportance of soil composition is found on the swump floor'
where intermixing‘of the two types produces no visible difference in the
vegetative cover. Excepting Stations No. 2 and 6 which are on the clay silt.
soils of the north and aouth banks respectively, and certain port1ons of the :

swamp floor, all other stations-are-on soils of the sand silt type.

1. SOIL MOISTURE

Sampleé'weré.takeh'ﬁt‘intefvals of seven 1o niﬁerdayg,»with moisture
percentages based upon the dry:wéighta; Dépthsvof.three~and ten inches were
used, samples being taken with a 3011 auger. Moisture equi#alents were
determined® for all atatlons, based on a sample from the well-mlxed and
quartered aggregate. The wilting coafflcient was determined mathematlcally
from the moisture equlvalqnt ueing the - fo;mula, '

Wilting Coefficient Moisture Equivalent (14)
: 1.84 + ,007

Thergeneral trend of the‘curvea in figures'19 and 20 for each year are
very similar, Krigia Statzon on a west facing slope with a heavy plant cover*
and favorably situated for a high er avaporation rate because of thia ex-
| posure to the prevailing winds, conaiatently shgws a lower soil water per-
centage for the yeara'indicate§. Theleftect'of fopogrgphy»on dfainagé is well
shown in the.curves of Stations No. 2.and "B", Station No. 2 on a clay area

with practically no slope and "B" on the flat terrace-swamp junctioh gener—
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-ally have‘the higher'soil'moisture content. The:dnteraction of precipita-
,tzon, topography, exposure, ‘s0il texture and plant cover produce the par-
ticular varzatione noted at each station. 7
| The 3011 mozsture percentages are greater, at any single tlme of in~-
l vestlgatlon, at the three inch depth than at the ten inch ror all stations
"and generally parallel each other throughout the season. Extremes are less
‘ marked at the ten inch- depth and a general softenzng of the. curve is appar- |
ent The same- 1nferences as to 1nfluences and causes w111 hold for the ten .
iinch as were applied to the three :nch depths.i, |
Only a very general comparleon can be made between the physical com-.‘k
| :posrtion of the eoil and the moisture equivalent, The two soils of h:ghest'
n. collozdal content, Stations No. 2 and 6, have the highest mo;sture equiva--
lmﬁs. - : A d ' » i |
l“rom figureslg and 20 it '-will."be'noticed that'inse'veral instances‘vA
- the total water percentage 1s lower than the wiltlng coeffzc;ent but in no
tlcase was waltlng of the plants observed. _ ‘. , | _
A' In the eprlng of 1928 a number of transplantlngs were made. A plant ,'
' particularly sensitlve to water, Eupatorlum urticaefollum ﬁWhIte snake-
: root), was employed. On June 14, a quant:ty of these plante were taken ,
ll_from a dense luxurlant society about one hundred feet west of station "D" _

©. Six individuals wre planted at each one of ~the statlone and given attention‘\

‘lf only until danger of loss due to transplantang ‘was over. All plants were

o approximately tive and one-hal: lncnes tall. viith: the exceptzon of the

,f'slight wilting of one plant at noon of August 21 at Statzon “P" there were
rno zndicatlone of a water deflclt.> | .

Since the: w1lting coefficzent is usually 1nd1rectly determined from

:theamoisture equlvalent, the latter character becomes of 1nterest because
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of the apprarent faiiure of the wilting’coefficient to represent condiiions_
exactly. | | » 1
| When the moisture equlvalents are considered, a‘p0981ble reason
‘appears., From Table 5 a wide- dlvergence is found in the results given by
‘different operators, in one instance, station No. 2 at the ten 1nch depth
a difference of 8,074 is found. A vari&tion of 2% is the cloaast approach
to a check. | | - o

The importance of the soil watef content is well illustrated in fﬁe
'.various,etagea of the hydrarch auccéssion. Vegetation adepted to standing
water as Typha and Leersia, is being gradually excluded with the d:aining
‘ofvfhe swamp., This has permitted the‘establiéhmgnt of such plants as Eupa-
torium perfoliatum, Impatiéns biflbra} Nepéta hederacea, fdlygonum arifolé
ium and Pilea pumila on previously siaﬁpy areas. The entrance of the are
~ borescent forms, ash, elm aqd sycamore, is éttr;buied to the same cause.
Other factors may later influence such invaéioh, but soil water rem@iﬁa
-as the initial one. . | |

In other locations the effecf‘of soiifwaterfi8bmore»or less modi-
~ fied by other factofs. The general distfibhtion of herbaceous and ioody
plants throughout the area indicates {hat a sufficient quantity of ayail-

able water id present; other factors determine local distribution.

2, SOIL TEMPERATURE . -

.Marked qimilarities,exist in-the aﬁérage temperatures qf the various
stetions (Table 4). The differencgs‘between;the highesf and lowest.averages
at the one inch depth are 1.9° for the period Offobsérvation in 1926 and
1.8° for the peri§d~in 1927. This can bevpartiallj aécbunted‘fbr by the ‘

closeness of the averages, 1.6° and 1.3° for 1926‘ahd 1927, in the air



54,

temperaturee, taken one inch above the soil, At the ten iuch depths, the
difference of the yearly averages is. greater, 0.,9° for 1926 and 1,€° for .
1927. Since these values are. baeed on weekly readings, the difference may
be due to the fact that the mean temperaturee,»baeed on 24-hour‘observa--
.'tions at the Cincinnati Weather Bureau, were 20,3° and 19.7° for comparable
“‘periods during 1926 and 1927 The hlgher seasonal temperature of 1926, may :
have caueed the emaller temperature difference. It is-also evmdent from
'. these figuree that but elight differencee occur between stations ina
season.

An unusual condition is founﬂ at Krigia Station in 1926. The soil
at the ten inch depth has a higher average temperature than the three 1nch.
Aleo, the greateet variation between the average air and 8011 temperaturee
occur at thie and No. S etations. Krigia‘station on a west slope, responde
more slowly to morning 1nsolation while at Station ‘No. 5 the morning ‘rise
in air temperature exceede that of the 8011. An examination of the weekly
, readinge showe that these variatione occur durzng late e*ring and early
‘ autumn. These and the opposite variatione in temperature are evident in
a comparison of the upper and lower eoil,layer’temperatures for the other
etatiohs, but uithin-uarrowertlimite. ” | .

The higheet average soil temperaturee, for the duration of the grow-
ing season, are found at- the Swamp- Station. Becauee of the abeence of
;,overhanging~foliage, the.stream;water becomee warmeruas it approachee this
station. All: other etations -are- located under the forest canopy hance
direct ineolation is 1mposszb1e. |

Due to- direct western exposure, the higheet average air temperatures

vprevail at the- Krgia Station.-
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TABIE 4.

AVERAGE SOIL TEMPERATURES
ONE INCH ‘ |
No.l No.2 No.3 Pyr. Swp. Kga. No.4 No.5
1926 18,0 17.8 17.1 17.8 -19.0 17.1 B
1927 16.8 16.8 16,6 16.9 18,0 16,6 17.1 16.2
TEN INCE |

1926  17.2 17.0 17.2 17.1 17,9 17.8 R
1927 16.C 16,0 16.0 15.9 16,0 16,0 16,2 15.1 .

AVERAGE AIR TEMFERATURES

1926 2.2 20.6 21.3 20.6 21.5 22.0
1927 18,6 18.9 19.6 19.3 19.5 19.9 19.5 19.5

At the Bwamp and No.5 stations the greatest average tenperaturea
differences between the soil~1ayere investigated, occurs, The eastern exﬂ
peeure of station No. 5 and the eteepneas of the elope 1nsure a better ’
reception of solar energy, causing a morning rise in temperature, while |
at the Swamp Station the 1arge quant;ty of vater prevents rapld warming
of the lower soil-layers.
| A quantitetive comparison of air temperatures and_evaporation eenf
not be mede, Krigia station with the higheet"everage temperatures has the
~ highest evaporation rate but in contrest,‘the_Swemp~station with nearly .
the same aferage'temperaturee:naeithe7ioweet'rate~end’station No. 3 with
nearly the same avereges as»thenSwamp~station'hee anlinteruediate~rate;

- The effects of wind," humidtty end location are so great ‘“that they entirely o
outweigh those of temperature.

The effect of -temperature on 5011 acidity still remaine a prohlem,
though 1ncreased temperature, to a certain. degree, would cauee better
decomposition. § hould ineuffic;ent water be present to cemplete the

process of deeay, the,intermediate acid formed would tendltotremain'thue'
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:producingfan‘acid'soil. At the other extreme, toe.much waterrwith lower
temperaturesvwould produce the same results. No relatione can be drawn as
to the effecf of temperatdre on acid'formatiod from data collected in thie
aree. ; |

~ The vﬁriation.ih'degrees in average soil temperatures for fhe two ol
depths and 1ncluding all atations were 2 0° in 1926 and 2, 9° in. 1927.‘
Temperature, therefore cannot be cons1dered as of prlmary 1mportance in
the dietributzon of plants in the area studied. By itself, it cannot affect

‘succession or the rate at whlch zt proceeds unless extremes are encountered

S "7 3 COLLOIDAL CONTENT e _

The Bouyoucoa method (3 4 5) for the determination of colloidal
| "eodfent, eiltrand send_yas employed. Dupl;cates were run and gave very
.close cﬁecks. All eamples;wre%obfeihed[frem the weeklj‘totalbsoil water
.content saﬁples.u o dbk | 4’ ,V » |

As stetedAunder-PSOIL ﬁOISTURé", only avery gemeral comparison of

‘colloidal cohtehf andimoisfdre equivalent can be ﬁede. In addition, another
feculier relation is~evident'(Fig. 5). ﬁormally,'the greater the percente |
age of collo;dal materlal, the higher the. mozsture equlvalent, In all but
a few reeults, the opp051te prevails, probably caused by a dlfferent
reactlon of the eilt fractlon to experimental condxtzons. =
» | Since the plant cover at the two stations of hzghest collozdal con-
' tent No. 2 and 6 differs greatly, it. can be assumed that thzs factor.

exerts no’ dlrect 1nfluence. Weter content and acidlty, modzf;ed by the

c01101da1 meterzal, undoubtedly have’ a,greater effect.



TABLE 5.

COMPARISON OF
SOIL COMPDSITION, MOISTURE EQUIVALENT

AND VWILTING COEFFICIENT

1927

©17.3719.3

15.5 65.4 15.7 12.4 15.1

LOCATION COLLOIDS SILT SAND COLLOIDS SILT SAND 1926

17.4 67.6 16.6

19.7 65.4 15.0
19.1

1-3" 14.9
10" 15.2

No.

18.8 6640
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4, CHEMICAL FEATURES
The investlgation of the chemical features of the soils of the
_ Hazelwood areaincluded the determznatzon of the hydrogen ion concentra- B
tion and»the"magneslum,;calcium and s;llcon oxldes. : |
a. -HYbROGEN TON | ”
- A1l determinations were made by the electrdmetric method uslng the
v qulnhydrone electrode. Durlng 1926 assembled apparatus was used and euper—
seded by the Youden'model in 1927.-The speed and accuracy of thls‘method
in comparzson with that of the: colorometrzc, warranted its use. In common
_‘w1th other general 8011 1nveet1gatlons (2 15) a drift 1n potentlal is noted
that may produce erroneous results, After a serles of tests w1th the hydro-»
gen electrode, 1t was declded to use the potent1a1 readlng obtaaned immedi-
| 1ate1y aIter the flrst though perhaps temporary, equ111br1um was. estab-
‘hliehed | .
. The handllng of the soil after sampllng was. cons;dered. Tests were
'imade on air and oven dried (105°C ) samples and material in the fleld. .
_Whlle the resulte of the air drled eamples more cloeely approached those -
'.of the fleld teete, the . varlations encountered favored the field testlng"
of 50118. A soil wvater ratlo of 1 5 was used for all tests.
These resulte‘are~ehown immediately below the profiles for each

quadrat in figures 15; 16, 17 and 18, The hydroéen ion concehtration
'basis'ciassifiee the-soile into two groups;\thoee ueutral to alkaline,
d comprlslng the swamp floor, and the acld soils of the slopes and uplands.

, The alkallne conditlon of the rav1ne floor is caused by the mildly |
~aika11ne stream water that'variee;;n.concentration throughout the year

from pH 7.0 to 7.8, A siight seasonal-change is'hoticed.when the values,
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determined for quadrats of Transect No., 3 and shown in table 6 are compared.

, TABLE 6.
August 18 _
Quadrat Number ‘ o S .
35 36 37 38 39 40 41 42 43 44 45 46 47
7.14 7.22 7,36 7.24 7.18 7.02 7,06 7.00 7.14 7.28 7.16 7.32 T.44
7.19 6 72 6 84Av6.86~ 6.94 6,88 7.00 7.00 7,00 7.02 7,08 7,36 ‘7,40
November 24 : o , S o
7,36 T.41 7.28 '7.44 7.24 7.48 17,54 7.46 7T.44 7.36- 7.33 7.40 17.63
7.28 T7.38 7,30 7.36 7.34 7.42 7.48 7.44 7.40 7.40 f7.36 7.34 7,48
August 18 o
Quadrat Number ~ - o
48 49 50 51 52 53 54 55 56
7060 7.56 7'44 7.50 7.44 7'43 7.18 7'03. 7000
7.20 7.32 7.44 17.36 17.30 7,33 7.19 7.37 7.19
November 24 S
TeTL Te64 T,61 7,33 7T7.60 T.36° T.42 17.33 7.23
7.66 7,56 7.41 7,30 - 7.29 7,20

, ;7.44;a7.36f7
This change is-probably“due~teitﬁe ineredeejiﬁ thejﬁo:e.feadily soluﬁleA
calcium carbonate on the glaeialtsnbseile:and caf;ioq_doyn'in>the:gfougd
- water, B - { .
© The slopee and upland soils show a hydrogen 105 concentratlon
:(Table 7) varylng greatly at each stat;on throughout the year.
| ‘ There appears to be no correlation between this factor and others
at the varioue statlons. No. -2 (Flg. 16) shows low pH values but- Station'
. No. 6 also on a clay soil has an acldlty averaging pH 6.0 (Table 7). The
latter station is subjected to such_ipfluences as better dralnage, greater
exposure and'slightly higher;femperatureS'fhan {he fermer. |
Variations in plant cover of a single soil type, as the sandy silt,-
are hardly to be expected, unless such varlations reeult from the influ-
ence of other than soil factore.’ . |
The effect’of,hydrogen-ioh cencentration apéears to be a ﬁinorvfacfefv

in the distribution of communities or in eucceesion.‘ﬁith slopes and uplands
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eupport1ng forest &nd ruderal growthe, the &01d compoeltlon of the res-
‘.{pectlve soils 1nd1cates no maJor outward relation to plant growth. However;
continued constant acidity, extreme or otherwise, may often be an 1mportant
; conelderation. It is. probable that certaln of the plante as those of the
rellc group, could not pers;et here if 1t were not for the general acid
reaetzons of~theee ‘soils.

© TABLE 7.

. -SEASONAL COMPARISON OF
_H~ION AT SELECTED.STATIONS

o1

Location 6/30 7/7. 7/19 8/1L 8/10 8/22
No.4 - 3" 5,07 5,33 2.41 6.18. 4,34 5.17 5.44
10" 4,66 4,49 4,63 5.76 4,92 4.79 4.94

‘No.5 = 3" 5,88 7.32..7,46 4,83 6.52. 6,01 6.23
7 10" 5,33. 6.35. 5.79 4.94 5.65. 5.76: 5.60.

No.6 =3" 5,78 5.67 4,50 4.54 5,59 5,69 5.58 .
"7 10" 5.23 4,62 4,54 4.88. 4.58 4,99 5.15
-V”B" - 3" 4,23 4,41 5,76 6,10 5.44 6.35 5.59
10" 5,94 6.50. 5.96. 6.38 6.01 6.78 6.27
6,27 5.42
5,46 5.60

np¥ 'éls"*'e.OQLeé;lexas.i4fls;ss
10" 5,50 5.48 5.26 5.38

No.3 = 3" 6.03. 5.88. 6,15 6,10

5
5
. 6.01
10" 5,13 5.45 5.79 5.67 .5,97 6.18 5.88.
4
5

5.13 5.60

 wpw - 3" 5,74 .6.74 5.10 5.93
‘ 5,00 5.24

2
3
1 6.23 6.28
7
| 2
10" 5.09 5,17 5,03 5.25 5.30

b  GIEMIOAL ANALYSES | |
’Chemicel analyeee~were madeFof the-compositefeoil”samplee used;in
vthe weekly determznatlone of total so1l water content. Soils repreeenta-[i
‘tive of Stations No. 1, 2 and Pyrola were - ueed as theee represent contraat-
itlng conditione with plpeiesewa present et No. 1, absent at No.2 and

another relic, Pyrola, preeent it that named statlon. The soils from these
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stations also vary greatly in their physical proper#ias’(Table 5),’Np;:2"
being clayey, No. 1 a sandy silt and Pyrola also sahdj‘but,with éoafaer'

material, The partial analyses are as follows:

TABLE 8.
 SOIL ANALYSES
Station No. 1 5105 39.387
g0 0.21%
-Station No, 2 5i0; - 38.88% -
Ca0" 7.53%
Yg0 - . 1.54%
Pyrola si0, - 37.25%
| | ca0 . . 7.87%.
Mg0 0,827

The effect of the two matnrlals, azlicon and calczum oxides, cannot be -
considered because of their close agreement. The’ relatlvely hlgh perecnt;
age of magnesium in the. clay soil of No. 2 may be a llmztzng factor, but
in water culturea, using Eupatorium urtlcaefollum as the test plant,
results obtalned gave no indication of deleterious magnesium effects.,
Whether this is the reason for the resfrictgd local distfibutiop of.the
relics and the poor plant cover as ét‘Stafidn No. 2 udnd fhe absehce df
.Eupatorlum at those-palces where the relic are found, ‘is- problematical.
ubre analyses are -necessary to determzne thia.

Judging from the general dlstribution of planta throughout the area,

chemlcal composition assumes & very minor role.
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- V. RELIC comm:trr
A, PRESENT ENVIRONAENT
A-relic community ceneistihg of’eix'planfs,’unkroin elserhere“in -
the Cincienafi region, Chimaphila'macnla?a;:Pyrolabelliptica;bLycepodium
lucidulum, Epipacfie‘pubesceas, Medeoia ririgiana and Chamaelirium'luteum,
and perhaps three other very uncommon BpBCleB, Uitella diphylla, Mitchella
4repene and Hzeraclum panmculatum, 1e the feature of ‘partcular eigniflcance
,1n the Hazelwood Preserve. Thls communmty, made up of evergreene. is unique
in the pegion, It is composed of . scattered 1nd1v1duale of some of the
epeciee and patches, single or eeveral, of others as Pyrola. and Chlmaphlla.
In their distrlbutlon on thls area, Pyrola, Lycopodlum, Mitchella,”

Hieracium, Chamaelirium, Mitella and Eplpactze Iavor such habltate as pre- ;
vail on north slopes or bwtween protrudzng roote. Medeola is confined to the
~ upland of the south bank. Mbre data ie available for an analysis of the. -
present env:ronment of Chlmaphlla because of dits: rather wide dietrzbutlon
| in the area in habitate dlfferlng coneiderably from one another.

. Habitate such as the Swamp w1th its contlnued high soil-water content
or. Krigia wlth an evaporation rate of very high extremes, are not favorable
“to pipeleeewa. Pereonal knowledge recalle the location of several plante
at the swamp edge of the north elope, dlrectly eouth of the Krigla etatzon.
These have disappeared eihce the removal of the forest to the weet greatly
altered edaphic condltzone.

4t is very poselble that wldely varyzng soil water contents cauee no
‘}ipermanent injury. Extremee of 2% at Station "P" and 53% at No. S for the
three inch depth and 3/ at No. 4 6 and “p" and 267 at No.‘4 and 5 for the ‘

- ten 1nch depth have been noted(Figs. 19 and 20) Evzdence seems to 1ndicate -
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- that any condition except continued’eaturation or drought withtotherrfactors
’eoual, are permissable. | ‘ |
' The daiiy~evaporation rate aleo'ehoys large differences with a range :
of from 1 to elightly more thanj9_cc.'per;dey; as at stations No. 1, 3.and
6. Higher daily rates of from eleven tobthirteen cubic centineters/euch as
occur et Krigia may be a factor'contrihuting to its abeence;
| An ac1d soil appears to be deeztable, though the absence of alkalinlty
does 2ot guarantee establishment. The hydrogen ion concentratlon varies
from pH 4.34 to 7.33, though in no places is Chimaphila present where the o~
average of all pH determlnations is 7.0 or more. , A
_ - Colloidal content of the 8011 also has wide 11m1te, varying from 11. 4%l
to 31% and from 13. 27 to 37.4% in the three and ten inch depths reepectlvely.
If condltlons at Statzon "P" can be. ueed as an- eXpression of the Optl-
‘mun, for here p1p81seewa attalns its beet aevelopment than o soil water. |
‘fcontent of 147 and 10% at the three ‘and ten 1nch depthe with an evaporation
rate of 3.5 cc. per day would be=deeirable.vThe colloidal content of the
soil would approximate 137 and the hydrogen ion concentration would 11e
 between pH 5.30 and 6, 20. Ueflnzte requlrements are few. The abeence of con- \'
~tinuous extremes of goil water, direct~1nsolation~and perhaps a very-high
A-rate of eyaporation with the preference of an acid eoilpcompriee’theee:re-
qﬁirements. _ | » | ‘ ' |
‘ The»eftect ofylight'has not been studiied because of the alte deyei-f
opmont of a posezble method (13). The relatidn of light~to other factors - -
is thought to be of importance but little work haa been done to verify thzsn
Pyrola occurs in a small colony on.the elope of the south bank wlth
fullinorthern exposure, Soil water varies from 9% to 397 and from’ 6.571 to

227 for the three and ten inch depths, with an average daily evaporation
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"rate of about 3'ec. The soil'ie a sandy silt with a colloidalvcoatent of about’
16% Acadity is ueually lower than that of . plpslsseva, ranging from pH 3.9 |
to 6 c ‘ :

Careful meaeurement of all habitat factore, light excepted, extending
over a period of three seasons, fails to produce any 1nfnrmatlon thet would
enable the aselgnment to any single factor or group of factors, the reason
‘for the perelstence of thie community. Dletznct coutrate are not present,
it is therefore believed that in the total effect produced by all factors,

is the answer to the problem.

B ‘RELAT'IONSHIP AND SOURCE

Relic coloniee serve today as an important gulde to past magratlons
and floral rangee. When eeveral apeclee thet normally grow together in- one
sectlon of the couatry are found aseocaated in a colony, such as occure on
‘ the(Hazelwood Preserve, it 1ndicatee that at some time in the past, these
colonles were more numeroue as wae the vegeattlon of which they are a part.

In order to more fully underetand the relatlonehip and. source of this
| 're11c colony, an explanation must be made of previous conditione.. |

| Accompanylng the advance of each ice eheet was the deetruction or .

retreat of the vegetation before it, Ae Gleaeon (11) plctures it, the veg- |
etation of this" region at the" close of the Illinoian period coneleted :
eaeentially of the conifers of the preeent northeastern forests, . located as
- a narrow belt between the retreating ice and the deciduoud forest of south-
eaetern derlvation. Another plant retreat was comp&lled by the advance of |

the Wiaconein glacler resulting in a conditlon at the time of its: most

southern extension, simllar +to that whlch prevalled at the close of the
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Illinoian, _ ‘

Somo doubt exists (7) as to the climate during this period. Eridence
in the form 8¢ fossils and relic prairie coloniss, seoms to indicate that e
‘mild and semirarid'clixate persisted for at‘least_a portion of the time re-
quired for the retreat of the Wisconsin ice sheet. A o R

The Hazelwood Preserve is in the I1linoian drift area and because of. |
its ‘proximity to the ixe margin probably was seon coversd by plants closest |
to it, namely those of the coniferous forest, on their northward advance.

The‘nearnese of the Preserve to the Wisconsin ice margin and~the poss--
ible presence of a glacial lake'(see‘II), prevented the. perSietence of the -
then-existing vegetation..Thie removal neaessitated a reestablishment of
vegetation, composed 1t is reasonable to assume, of coniferous and" assoc~
iated plants, Whether the present relic colony can be traced to survivors
of the post-Illino:an advance that had migrated from the south or to the
waves, as Adams (1) cells them, preceding the Wisconsin advance, or both,
is problematical., All of. these are possibilitiee for the present southern
extensions of these species (Fig. 23) indicates that edaphic and climatic
factors were favorable tor their persistence in southern statione. _'

With the retreat of the early Wieconsin glacier came another north- |
ward migration of the vegeatation. Due to the~olimats,'the;conifers dis-
appeared locally, deciduous forest became dominant and sarroundedvherbacev-
eous'communitiesrthat once formed the ground iaysr.of the retreating con-
iferous forest. | | | | - |

o C. DISTRIBUTION
The present distribution of the: species forming this relic colony

implies the- presenoe of edaphic and climatic features comparabie, on the

.



; 4
Mitella dpﬁg/h.

Fig, 23, General distribution of the plants forming the relic colony.
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~ whole, to those exieting-at the time of their invaelonQ An& pronounced al-
teration of these features would have resulted in the eliminailon of these :
plante. Their presence then nght be expected then in sectione, climatically
' comparable to the Cincinnati region, ‘unless factor compensation can occur.
The adaptability of these plants is doubtful, their discontinuous distribu-
tion merke them as being essentially non-plaetic in‘this feepevt. |

As mentioned elsewhere (III, A, b), theee epeelee are abeent from or
are very rare in the Clnclnnatz reglon. On the Preserve, Chimaphzla is rep-':
. resented by more than five hundred known planye, some vegetatzvely connected. -
All otherbepeclee are much lees numerous. Eleewhere, but in the viclnzty of
of the city of cincznnatlioone to‘eeveral etatione for Mitella, Mitchella
and Hieraciun are known. - | ' ' B | |

From correepondence and a detailed investlgatlon of etate floras (16)
the general distrzbution was manped (Fig. 23) It is. evident from this flgure
that their range is confined to the more northern Betitudes and in the high-
er elevatlons of the -astern mountaln system. Altitude with its attendant _
lover temperatures and more favorable molsture conditlone, preeents hab;tat ‘

conditions favorable for thelr pere;etence.

- VI smmay _

1. The Hazelwood Botanical Preeerve,fa-eeventy-acre tract‘devoted to
botanical research, contazns a boreal colony of nine rellce ‘and aseoczated
plente in one of the few remeining unmolested foreete of southern derlva-
tion ot the region. |

7 The present eianp is thodght to haveereaultedffromAthe formation;of ‘
a glacial lake during the period of.Wieconsin-élaciation; Remalne offfwo

“terraces bespeak different depths due to ice or boulder dams.
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_l. 3. The soils of the forest area are of two typee' the clay silts gen-r

'erahly found on the uplands of the south bank and the upper areas on the
g slope of the north bank, and, the sandy eilts on the south bank: slope and
,the‘lower-Portions ot-the;north hank slope. Qharacteristics of each soil .
i type are indic&ted. . o \. | o

4. Two classee of vegetation are described' (1) the climatic _group
comprising the swamp, forest -and- ruderal communities, and (2) the relic
community composed'of plants which occnr locally in the ground layer of
+the mesophytic forest. | | | ‘

5. The~preeence of the relic colony 1s undoubtedly due to the con-
'-ditions caused by advancing and retreating glaciers. of general northern
: 'range, their distribution is quite linited in the United States. A1l are
absent from ar are very rare in the floras of this and neighboring states.
With the exception of Chimaphila, their distribution is restricted to
small areas in the Preserve. Chimaphila ie found well dietributed over the
western end of the tract, in clay and sandy eoile, of dry and rather moist
ﬂ conditions. A v, " . ] |
6. A detailed study of the habitat factors, covering a period of
 three years, was made and results given w1th figures, tables and diagrams.
Soil moisture, evaporation, 8011 and air temperatures, hydrogen ion con-
centration, 001101da1 content and chemical analyses of the soils were nade.

7. The study of the vegetation and habitat of the Hazeluood Preserve
has ehown a cloao dependence of various plant cormunities on measurable

: habitat conditions. Differencee in evaporation rate, of soil moisture and of

- acidity of the- sozls, may account for .the unlike commnnities of the area.

o Pet influences, due to Pleistocene. climates and post-glacial migrations,



and the early post-glaozal lake whzch ocouplod the present ewamp area,
‘ together with present environmental condltlone, mako possible the porszs-

tence of the relzc colony. '
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