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irt 350t tespecrable. You are dragged down in it, or
they dig it up on you, or you command an enemy
1o cat it, of you say a l}ung 15 as (.h(dp as iin; you
have a dirty mind or a d-r'\ job. The hero has feer of clay;
.Lr-‘lu revelations, her name is mud.
Whisk, Cascade, and the whole
romise a world pmgc'd of dirt,

after uns

T'ide All, ] joy Ivory.

rion of 1onic suriactants p

jast 2 the presence of 2
'l' n the moment || 'l.l\ oren [ ]J‘.ld ”l }'lf f'[”l...d
is nos thoug ht such a bad ¢ h.::f to be an ¢ mln petson, the

e of the earth, or 1o have grit. Bur these expressions are

those pop-closed catafalques deny
True, it

the sort that rednecks and hm(lamcn.a ists use. When we
xpun of gric, we usually mean "gritry reality,” and we don't
often use “earth” except when we mean the whole ball of
wax, r"'(.‘.'l|| L i 1 beneath us 10 contemplate

Il places and in all nmes has dirt been so
{

the bride-price of a coun-
ned by the weighr of the
s farm. Pilgrims sull come
in New

shun: into this century,

rx-m.l in France was detern

manure "n IIL'-.\.U. on }ll I.nlll.
1o Esquipulas in Gu atemala and to Chimavo
Mexico 10 we """P 2 Christ whose souvenir is hintle healing
rablets or bags of dirt, which they drink dissolved in tea or
like the trr\h smell of soil when n

Bur for the most part dirt is some-

water. Lven city people

first opens n the spring
nm' we would rather not l)clxcvc n.

Our willful disregard of dirt is perhaps a subses of our

ain and death, f-n it 15 these with

largely ideanfied.

the existence of §
10 3 NONEZTICH l.uul 'uupk 15

Gangl of

CH Surt

o nos like dire because 11 means death

Ilut since the end of the nineteenth century, when the
wn Dokuchaey pl_lblix"‘ccl his C‘\'l.ml-f;n.n-}'.' detailed

treatises an the origin of the rich soils of the Russian sreg |pc>
and Winogradsky began to scudy the life of soil microk

nd when the '\'n'nc;r: Hilgard examined the influence c-f
cid soils, we have been moving
t iy and

cdimate on alkaline and

towiard 2 place where we can see dire for what i
appreciate it in the way the ancients did m'm.nclv as the
generative source of all manifestations of existence.
The study of soils is a young science, scascely a hundred
It's hard to find rwo scienrists who even agree on
word. Part of the problem is thar pro-
the seil are orchestral. They deal not with the
infinitesimals of chemistey or physics or biology alone but
Ar a

vears old
the meaning of the

Cesses 1r

with imeracting realms whose concert is the soil's life
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conference on soil, a soil physicist presense ed an elaberate
'ha(hcm 1u| mudc. d{"«rnlur 4 (hc pcrux ation o‘ water
through the soil. As soon as he was done, 3 soil biologist
jumped up 2nd shouted, “Bur a sm!_,rc one of my carth-
worms will destroy al) of your calculations

The story is a favorite of Hans Ic.l'*\' a native of
Switzerland and for almost three qu.ru.x< of a century the
leading American soil scientist. If there is anyone whao
knows what a sail really is, it 35 Jenny. This past year n arked
the fiftiech anniversary of che publication of his Factors of
a book that changed the study of the carth's
surface. In it _]cnn}' worked out elegantly and simply the

Soal Farmarnion,

broad factors thar govern the development of soils.

Were he not 2 soil man, Jenny's achievement might
have ranked him with Henry Cowles and orher pioncers of
ecology, but his work has been buried in the obscurity of his
profession. The head of the University of
ble department of ecology, asked ro comment on ]C'mv

T\{‘\'f! h:'zrg L‘f |.|m l .".".l" n |l|.‘

( hu.x.‘-n‘ Venera-

comtzibution, remarks,
day, at Univessity of Califorma cockrail parues Jenny will
tell 3 new acquaintance he 15 a soil scientist only 10 receive
questons about the person’s tomaro pl.mn This is like
Toscanini bcn‘u, asked 10 tune someone’s guitar.

Such incidents are doubly unjust, ]‘nn\" formula
S0 | genesis was onge u‘ the plnner lng Works u' CCOsSySIems

[\ or

u.nlng) It is an archetype of wl hole- systems 1h lnl.m!
Furthermore, 1t nted a substantial phi I\-\Lph.\xl
advance on the work of plant ecologists like Henry Cowles.

In Cowles's 1899 paper on the Indiana dunes, !h' great
Chicage botanist had shown
communities on the dunes could be dcu"l'vcd n terms of
the slope of the dunes, and the
evolving to

!(i“IC»;

h:‘l'v'- xIl_ succession of L‘l.n L

the ["c-'é:'.rc climazre,
oTganisms ,|\.an rere. He pictured a landscape
a steady-state climax dominated by one or more mixed for-
¢St COMmMuUnLLIES. Onece the diff ferent factors were in balance,
Opposite top: The waves wash inte beoutiful Jug Hendle Cove,
near Mendocine, California, breaking the underlying
greywacke sondstone inte fragments. The current beoach will
someday be lifted to become @ marine torroce,

Oppesite bottom: The pygmy forest lies not half ¢ mile up the
hill from Jug Handle Cove. Its soils are roughly half & million
yeors older, and it supports only stunted, endemic plants. The
mature bolonder pine seen here is only 3 feet tall.
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Weaethering sondstone on the Celifornic coost con be the

porent of fertile soils.

a forest would he established rhar could maintain 1eself
indefinitely. Later students of Cowles's work carrected his
x:".-::mi'.:h' picrure, even acgmiting that soils nn'!'_!n run
down instead of building up. But it was Hans Jenny whe

‘¢ the

tion of soil process thar dissinctly linked “deep time™ and

sicture a new dimension, with his 1941 formula-

. 2 S € s
our nime. For Cowles, rwenrty thousand years was cld. Thar
was the age of his oldest dunes, lenny locked as deep into

fime as the

ge of the oldest seil he could find—more than
] By including the factors Time and
Parent Material in his equa
ana Organisms, he was able 1o link biol

half a million yeass

tion, along with Climare, Slope,

o P -
geology, and
2 o

matical dance.

] ] 1
auration in a singiec matne

The shorthznd for Jennys equation is C PT. The
s, the R for reliet

. the I? for parent matenal, and the T

CL s for climate
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9

) Qrganisn
-

*::;;,\L‘ Of lu.li'-!lgi.“‘ W) 7
for 1ime. Knowing these vanables, he assested, one should

be able to predict the

vegerable, animal, soil, and othes
. - . : . . -
praperties of the ecos question. The equation is

stem in
not so easy to solve as it might seem. There are those who
say it can never be solved fully because seldom are all the
factors amenable 10 quant fication. In other words, you will
never be able o plug in values for each of the facrors and
predict authoritatively the ecosystem that will resule. Yer
the real measure of the success of Jenny's formula—as it
was for Cowles's—is how well it caprures the processes that

mnbkas a lanAd "
nanc d Ia WQASsCape.

t
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Soils whose parent rock waos serpentine are thin and
infortile.

Ecolagists sometimes receive unusual monuments
Cowles’s 12 2 bng in the Indiana dunes, named in his honor
He called it “a history book with a flexible cover.™ Hans
Jenny keeps a piece of whar may well become his own mon
hi-}
often where a man keeps v

it could be a borde of bourbon, a Bible, or the unpublished

pment in the lower ¢ and drawer of his desk, Thar is

vhat he most values and/or fears

novel or poems of his vouth, | was therefore flatrered and
embarrassed when the ninery-two-year-old Jenny pulled
open that sacred drawer in his University of California
office in Berkeley. "I want to show you something,” he aid
in his chipped Swiss accent.

Dressed in a well-used sweater, worn gray wool slacks,
and black loafers, Jenny sar in an office taller than it was
the dull, even
light that came through the big window behind him. It was
2 March day that threatened rain, burt the rzin dallied and
fell just 2 few drops ar 3 time

dy framed

wide, his slender, stooped

He handed me a white lump the size of 2 sofiliall, bur

chalky, as though he had been saving blackboard dust far
half a century. °}

sank in my hand like a shorpur, “Now that ha

d i1, he said. "See how heavy it 1" It
s hardly any
z PR R e BT S T SR, g’
arganic matler 1n 1, Daraly any nuinents, 1C 005CIved

PR B ae his words. “Bur i1 reainly a2 soil.”
slowly, ChoOSINg NS Woras. DUt 17 15 Certainiy a soi

Opposite: A resistont sendstone nidge stends for out in the
waoter on the Mendocine coast,
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HA NéjF.N NY'S ECOLOGICAL STAIRCASE

Five small steps in space, five giant strides in ime

Redwonsd:- Douglas

fir forest Bishop pine forest

$ Pypemy lorest

5 Grassland

I1 was also my inteduction to the pygmy forest, and
Jenny's understanding of ccosystemn evolution.

The heavy chalky lump ] hefted was, he told me,
ancient, Methusalan. With 2 pH just this side of lemon
iuice and 2 subsoil as hard as a frying pan, the soil it came
fram grew nothing but 2 few stunted pines and ericaceous
(heath) plants-~acid-lovers like manzanita—many of which
sickened and died, still standing,

What calamity broughs this about, | asked him.

Time, nothing but nme. More than half 2 million vears
of siting out in the rain

Jenny sat regarding the b

bagged lump with the eyes of a
proud facher, It represented, | believe, his excursion 1o the
edge of human time, his adventure in tzuth. For more than

rwa decades since his retisement from active teaching, he

22 (Iriox Speing 1992

Hardpan

N ~ Wave cut platforms ‘
Sandstone ’

“Beach deposits |

Above: The full ecological stoircase, os depicted by Jenny,
From o first terrece of meedow, the landscope steps vp
through mixed forests of redwoods and Douglas fir, to
bishop pine forest, and finally te pygmy forest. The forested
*bumps" at the front of the higher terraces represent soils
formed from windblown sands, which are therefore
younger thon the underlying ferrace soil,

Left: Lupine and tidytips in the coostal meadow.

Opposite: A view from the first terrace meadeow, looking
over the headland to the sea,

had pussued research on this soil, rrying to establish how it
bad come 1o be. ("] could never have done this while 1 was
teaching,” he reflecred. "They would never have allowed it.")

What most startled me was that the soil was not from a
parched desert bur from the area widely regarded as without
narallel on the whole California coast for scenic beaury.
(They filmed pars of the movie Fasu q,"‘.":dc". and the TV

b
series Murder, She Wiore there.) This white dust was from

Mendocino.

Several months later, Jenny and I were bound north
from Berkeley in his stavion wagon to sce this sotl in its
place. In the back of the car rawled cans of tuna fish and
fruit and a jar of coffee, together with a tac kle box full of lit-

tle augers, 2 hammer, chicken wire, white envelopes, and

labels. Somewhere n the wine country of Sanoma, he sud-

1AM



denly indicated 1 should 1zke the next exit. We scooted off
onto 3 side road, and he told me 1o stop.

“What do you see?” he asked.

I saw 3 hillside with some live oaks, some vines, and
some pine irecs

: “-\:Arl‘, '.\'h_'.' &

orow ovet here and then the pine grow there?

he continued imperiously, “does the oak

d answes, he was out of the car and swing-

Before 1 cou

ne off slong the roadside. He stooped 10 pick up some
1=} ~ . F

rerurned 1o me. In one palm, he held a

«small stones and
hlondish sandstone the color of dried grass; in the other, a

handful of small, t}‘&l’;--((]gcd; friable

chunks of a deep-
iwcial Stare Rock,”

he said of the latter. “Beautiful, isnt 1t? But it 15 not gr.\u-d

sreen rock called serpentine. “It's the of

for prants .

Here in my own native ground, he had shown me a key
to the fandscape that | had never noticed. Orther factors
being equal, z soi! derived from sandstone will support oaks

entine 15 covered with

and vines; 3 soil that comes from sery
scraggly GIgger pinc
This was fair warning that the soil world has 2 hard

edge. Jis admission of diversity also admits danger. As we
drave west over the coastal hill toward the sun that hovered
above 3 bed of fog, Jenny explained ro me that the pygmy
forest soil that we were going to see had deeply affected his

idea of ecosvsiem evolution and caused him to question the

unspoken ides of much environmental shinking: that, prop-

erly tzeated, nature balances herself in a way that is benefi-

cial to man

L‘d .‘d,x-nn'-"

-
<

cino. he listed for me some of the

theories that had been used 1o 1ry 1o explain the g

“ 2 A g
st soil. Some said it was a fire climax, caused by repeared

é
disastrous conflagrations. Bur then, he pointed our, the soil
should be alkaline from the ashes, when in fact 1t s among
the most acid soils in the world. Soils prople often said the

s01l was caused by the SErangc endemic flora arop it—which,

3ld tend to make

}T'CIT]E I.Ifi;lf!‘u Crcacoous and CU!H(CIUJ'-‘» w

an acid soil. The plant ecologists, on the other hand,
blamed the sparse, struggling plant cover on the poverry of
WA

the soil, which they led an edaphic climax (edaphos

means __..nuluf in Lere :f»(jl

Jenny laughed. To him, to ask whether the soi caused
the plants or the plants caused the soil is meaningless. It is a
question not of cause and effect, but of the dynamic interac-
tion of factors. His CLORPT equation 1s, after 3ll, a
description of the set of feedback loops that maintain 2 fiv-

ing system, providing a picture of the world in which this

soil 1zkes its nightful place.
He promised that the next morning he would show me
my forest came 10 be. Thar

SYStemanc pre of of how the py:

o, in the musty-smelling clapboard farmhouse thar

his base for decades, he described che staircase of

five marine rerraces that step up the hill frem the 1own of
Mendocino to an altitude of more than six hundred feer
above sea level. The 1op three terraces contain arcas of
pygmy forest with its dust-and-iron soil, 1t occurred o me
that, like Cowles in the Indiana dunes, Jenny had found a
in which a spatial sequence could reveal

‘_-.L'.{‘l :,': l,l!‘.l:l.\LJ;'l'

28  Orsent Spsing 1992

Mans Jenny exomines e soil profile in the mixed forest,

the workings of nme.

The difference was that whereas Cowles had worked
with dunes that moved over the surface of the earth—com-
paratively young, restless, and cphcmtml features—Jenny

nteraction of

was dealing with 2 landscape formed by
massive glacial and tectonic forces. The underlying rock on
which the whole landscape is based 15 a graywacke sand-

wt 150 million

stone, laid down fast in a d:rp sea trench al

vears ago. e is what geologists call a poorly sorred stuff

which means 11 contains a variety of minerals—quarrzes,
feldspars, micas, chlorites, volcanic fragments. Such a parent
material is rich in the whole range of mineral elements thar,
once weathered and made soluble in seil, contribute to
plant growth. Serpentine rock, as 1 had seen with my own
eyes, wWo uld make a far poorer soil.

This sandstone represented che prehistory, or the emer-
geat possibilities, of the Mendocino landscape. Jenny's pic
sure reaches 10 a ime in the middle Pleistocene, berween a

if million and a million years ago, when the sea level rose,
wgi:un\‘f:tl; [ m:!rm_g glaciers farther north. As cthe water
rose. waves cut a shelf in the graywacke. Then the glaciers
returned, and the sca level fell, the receding water leaving a
layer of siones, gravel, and sand on the now-exposed shelf.
Opposite: The luxuriant mixed forest of the second terrace,

featuring native rhododendrons, redwoods, and Douglas fir,
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Compare these sparser stonds in the bishop pine forest with the lush mixed forest of the precending page.

- ’ ' 1 L
-}"C glacier: .‘('lf’.’;l:t‘d Al;}'r\, and s¢a .C‘-'Cl rose, Dul art the

same nme tectonic torces of compression along the San
g

of the North American and

f the

sea began to cur 3 new shelf, at 3 lower level

Andreas fault, ar the junction

Pacific plates, Lifzed chis first shelf above the reach «
C

wWaves O IN¢

han the firs: the course of the Pleistocene and

nto

the Holocene, this 1o-and-fro-ing cantinued. unrtil

gipano ':.~.i|.|hl‘ the .;llt(l‘u':(;‘u' .l.n&_’ l:‘ll“u.d(‘d

shelves, each made of roughly the same parent matenals and

[he
oldest is lnc!h.":\ three quarters of a million vears old; the

horn

cach slightly higher and farther inland than the next

youngest is still wasung to be
' . ] 7 5 P
Uverlain on this stately sequence of emerging shelves is

e
a corresponding ser of fore- rdge dunes, 100 unlike

Cowles’s dunes. Each was the result of sand blowing up

from the beach becoming piled on the front edge of the

most recently elevated terrace, Thus each shelf has two ages

one belonging to its own materials and the ather belonging

10 the dune thar was later blown up onto It
This Jenny asserted, was the history of the l;n.‘i:r.:pr

that made ir possible to study the effect of time on the
! found it difficuls 1o

should result in a soil

pygmy torest soil. Though fascinared

imagine why this sequence of events

barely able to suppor life, as Jenny contended it had. The
1

foul

| 9 ! - }
cliaim became ¢ hu.‘:; 10 swallow e next morning,

when he drove me 10 the Mendocine headlands
~
Do

on the be

below us h, we could see sloshin

beneath che oming waves the pebbles, the gravel, and 1

1 . o 3
chunks of toueh gravwacke that would be the raw marerial

26 Ones

pning 1)

for a future soil on 2 terrace yer 10 be born. It looked barren
gh on the steep slope of the headland, where lepine,
1 Burt
when Jenny turned around, he plunged his hands inte an

iceplant, and pinks were holding on in the crevices

and as rich-looking as

the Towa prainies, The soil of the lowest terrace, on which

exposed soil profile thar was as black

we were standing, is a grassland soil of the sort we call a

mollisol, the midwestern

netically related 1o the soils of
prairies as well as 1o the famous Russian chernozem. The
mutual acrion of organic acids and the chemical and
mechanical weathering of porassium- and calcium-rich
the
ay parncics L|urig the blackish organic com

graywacke sands had rurned the sand to clays, and 2
cd;:cs. of the ¢

pleses of humus substances. The soil supported 3 magnifi-

cent meadow flora of nodding onion, wild iris, lupine, but-

rercup, "'l”'l'.h Erasscs r.x:;xwhrrr_\'. Yarrow, ; nd many more

species. How was 1 to believe that this soil was yvounger

t (:'I-If :n;\p\'tr!td mare

lichens than prants? It was like asking someone to

}'\'H‘f..’f' (O One not three .'::ll‘:"a dl

believe
hatind oS e o le wiil ~al
TNAr 1IN due Course an .'P:ﬂl‘ WL turn into a (‘{‘.‘:2!7

We drove 1o the next higher terrace. Not only was there

riec Decause

could not even see the p

a mature forest dominated by maiestic red
1
}

11, with thick stands of thododendrons,

ceous plants. The dense growth made

Opposite: Dwarf ground covers in the pygmy forest incdude
junipers and rhododendrons, Note the high percentage of
deod limbs ond soil that is completely bare.
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for tough walking, but the acid odor of the conifers, togeth-
er with the rhododendron flowers and the waxy berries of
the salal, was more than adequate compensation for the
trouble, So now | was 1o belicve that on its way 10 becom-
ing a bomb, our apple was first 1o trn into a skyscraper.

Looking at the soil profile in 2 six-foor trench, 1 began
o understand. As a soil ages, it becomes like a sky: layers,
called horizons, develop, just as they do in the atmoesphese,
distinguishable by their color, texture, and chemical compo-
sion, The younger soil of the prairie below had had a thick
black horizon, a grayer horizon beneath it, where the organ-
ic matter did not reach, and beneath these, the same beach
sands and gravels that one could still see washing in the
waves at the shore. The faorese soil was a different marrer

Fifry thousand years ago, if Jenny was righe, the place
where we were sianding had itself been a prainic by the edge
of the sea. Propelled by recronic forces, it was now a litcle
higher and much older than its prairie brother below. The
soil here was more weathered, and the horizons had become
thicker and more distinet. At the botrom of this soil could
still be seen the same sands and gravels of the onginal beach
material, but now they were so worn and frable thac you
could crumble them in your hands,

Musuval interaction of acid-loving plants and 3 more
weathered subssrate had created 2 soil thar dissolves and
moves its mineral constituents, This soil was 2 sich one,
because nutrients still percolated through the level of the
plant roors. But just beneath the surface layer of leaf liter, 3
gray horizon, like a thin belr of clouds, showed where some
minerals had been leached out, fron 2nd aluminum now
farmed orange-red teardrops in a mottled layer a foor decp
in the soil profile

At the next step in the staircase, Jenny showed me 2 for-
est dominated by towering bishop pine. At first glance, the
older soil here seemed o suppert 2 plant community as
robust as that on the shelf below. Bur there was less diversity
of species, and the forest was less dense. The trees were
sending their roots deep, in search of the nutriears that were
being leached all the way 1o the water wable, through which
they mighr finally be lost. In this %oil, the 10p gray horizon
had thickened, as weathering leached more and more min-
crals from the surfice soil, leaving only the grayish, resisiant
quarz and kaolinite. The iron drops of the lower horizon
had grown more numerous, and some of them were
cemented into clusters.

From the above-ground life on the three shelves, |
would never have guessed thar these landscapes were closely
related, Yer in the soils, | could clearly grasp their common
arigin and their evolution. The soil honizons formed 3
sequence from simple black uniformity through processes of
mobilization and then stabilization. | was therefore prepared
for the bomb

We drove up over the hump onto the next terrace and
took a dirt road onto property that belongs ro the
University of California. Jenny and his wife siruggled for
years 1o get anyone interested in preserving this landscape,
and eventually won a state park for one strip of the staircase
we had ascended as well as this UC study plot in the pygmy

28 (W
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forest. “People don't regard soils as beautiful,” he lamented,
“so it's hard 10 argue why they should be preserved.” He s
only half kidding. maybe even serious, when he sugpests
turning the sclenium-tainted wetlands of Ceneral California
into Selenium State Park. The tainting, after all, is the resuls
of the natural leaching of a trace element when irrigation
water is poured over the soils.

Leaving the car beside 2 rur, we walked through a
scrubby path of conifers into another world. The tallest
trees were scarcely taller than a man, and many rose no
higher than our waists, though they were decades or even
centuries old. Their trunks were as slender as a mummy’s
wrists. Here grew dwarfed, twisted versions of the planrs
and cypresses on lower steps of the stircase, A few were
endemic species, found nowhere else in the world, Almaost a
quarter of the area was bare ground or covered with yellow-
geeen lichens, Thirey percent of the trees were dead or
dying. When they perished, they remained standing, rotting
in place.

From above, who could ever say whar had caused this
apparent catascrophe? Standing with Jenny in an eighs faot-
deep soil trench, 1 could see the answer. The very bortom of
this soil, where it met the unaltered graywacke shiced flac by
the rising waves the beuer part of 2 million years ago, was
the same beach sand as on the other terraces, but the hori-
20ns above were the sclerotic develapments of the processes
that were still in full swing on the levels closer to the beach.
Beneath 2 slender, gray-brown top layer was & bone-white
horizon at least one foot thick—the result of what had
begun down in the forest as a light gray horizon as wispy s
cirrus cdlouds. Basically, there were no free nutrients left in
this layer, only the most resistant, insoluble quartz. Jt was
from this laver that Jenny's lump of dust had come. The
metallic elements leached by millennia of rain from that
graying surface now formed not teardrops or even clusters
of red-brown knots, but 2 solid, unbreakable hardpan hosi-
zon, in places more than three feet chick. To ger a piece of
it, you had 1o hit hard with 2 hammer more than once

Little could live atop this white-and-red soil. Jenny and
his students were still doing expetiments to grow other
plants here—poppies, grasses, anything. On unaltered soil,
nothing at all would emesge. If the soil had been amended
with a nitrogen fertilizer, the plants would sprour, use up
the fertilizer, and keel over dead

[here was not, in fact, a lack of nitrogen. Indeed,
because the hardpan prevented drainage, during the winter
rains the whele foresc was awash in a coffee-brown liquid of

ater mixed with humus substances rich in mitrogen. But
the nutrients derived from the mineral world, particularly
phosphorus, were virtually lacking, having leached away, or
having been long since locked up in compounds that were
very hard 1e break and therefore useless to plants.
Furthermore, because the soil surface was cur off from the
depth, the acidicy of the soi} had built 1o such a level that
few soil microbes could survive, so thar planis growing here
would have little access 1o the nutrients usually produced or
converted inro usable form by such organisms

As Jenny and ] stood on the slopc iuding into the soil
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On o feggy doy, Hons Jenny tokes his students on a field trip te the ecological staircose.

old man was Blled with the delight of his know
1 at the bot-

edge. “You see,” he said stooping, "the soil do
tom of the trench, berzash the hardpan, has more nutnents

il. 1f we find a living seedling, it will likely be

urred to me

1
fr!nu-,:!'. I«
&

we went

was some chance thar his body, so old he n,‘«:..?;! scarce-

would never leave the

| 1
his head erece on his n

once in it

W A

\We scrabbled abous in the red subsoil untl we found a

s seedling, perhaps two centimeters tall, of the endemic

bolander pine

Novnr th: P | PRIRrTT TRty I 1 aid e .
Now that is a seedling two years oid, he said exuitans-
ly. Anvwhere else, it should have been inches, net centime-

ters, high. Jenny whacked off a hunk of the red hardpan and

p again in the trench, his eyves, hike
inches above the soil surface. *Ics

ook ng out over the minia

ture, contorted landsca

could mean l;-'. that Ht’- theary

! ‘.&»:II\I‘

cerrainly had the elegance of the true. He Wi me

pe features

that an Apparct tly random assemblage of land

1
untderlying order which in turned praicie o

forest to pygmy forest apple to skyscraper to boa

inder the inHuence of tume, Y rc:,}'u:‘fgh ¢ ot

o
large

!'C('\"_’t’_' 1 Iiﬁ Ci‘
not

w had stood me on the boundary

and our
tj-flr,:_ that we are just one :"\'If".'i]‘—'f'”-( 1

nme. It was a rivlm.: of risk, v

“What does nature have in mind in making
sht of the p

munitar

nt '.\'Utld

4

oils?” he had once asked. In

anc

Y ¥ -
Ny [Ores:, s

could not answer with the ¢

wealist. Over

Cowles or ine envit

nature was nor in the business of making pleasant places lor

incerested i

Quite the contran

*‘L’l

pushing the limits of the relationship berween the organ:

: ;
and inorga realms, producing new expenments like th
| PP B

bolander pine Yer to Jenny this s a cause for wo wder, not

[ L } e ket b
vair. s theory provokes the maos diiticulc beauty, the

a often as soon leave buried in that lower

one that we we
right-hand drawer le is a beauty that admits the un
the soil, the dirs, heat, decay, co

ground, the underworld
smells, soluble merals, Jt may be a hideous, misshapen

rrace DUr Imus

twisted, threarening t
beautiful in the laws by which it lives

Rilk

A -r
ACCO

SO SWEeHyV as whe

(__.1;‘111:'..\ never

the land of the dead ¢ pOeT ex Oualy in th
double kingdom, ¢t one. /Do v come un T
and render.’

‘,-_Hx!-', '.h‘.‘ sciennse u.,-l"" _L._._;' \ 1 a ch crer

hen

tion of what he meant by “beautiful

choughe the landscape Inigheening, Jenny did nor even turn

his head. He kepe looking cut across the forest floor
nose practically resting on the ed
|

growled, smili

&
, “Ach! You must

na

]

on e




native of Switzerland, Hans Jenny came to the Unirted
Srares in 1926 as a Rockefeller Fellow. He joined the

University of Missouri-Columbia faculty in 1927 and ra {
moved to the University of California-Berkeley in 1938, ~ weord
Jennv's early research pluducmi a new, quantitative rherc recognin oclors Jdeligh r i
description of soil genesis. While at Missouri, his work  phers, apd wrniters. 3 ‘ U AN
took a practical bent, focusing on problems of declining in loess counc lowed helds i sho
<oil fertility in the Midwest. His well-known text Factors  bands « iCT " dations from o ra
of Soil Formartion, was publishcd in 1941. lieht vellows. ¢ausce erosion of the ' 0
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organisms, rocks, oceans, and stars. This formulation
marked 3 radical change from viewing soil as merely a cog
in the agricultural production machine, yet the creed has
benefitced farming in many imporrant ways,

To my famous teacher G. Wiegner, soil was an object 1o
apply known principles of colloid chemistry and to discover
new ones. He expressed lirtle interest in the contract of
humans with soil. My former colleague Richard Bradfield
studied soils in the laboratory and field with the aim of
helping farmers manage their soils and provide food for
humaniry in general.

My own approach ta soils has changed several times. In
my younger vears, with my farm background, whenever |
thoughr of “soil” | visualized a plowed field. I used ro walk
behind the plowman, watching the earth turn over. It was
beauiful, smooth and shiny with a brownish tint. You seed-
ed a crop and what yield you got depended a great deal on
the narure of the soil.

Later, during my Missouri work on soil humus content,
| soon realized that the prime
source of organic carbon in soils
resides in the organic macrer fur-
nished by tree litter fall, grass
mars, crop residues, and oot
production. When my Swiss
ancestors ook the mould from
the forest floors to ferulize their
fields, [ learned, they were rob-
bing the woods to feed the crops,
causing the decline of the forests.

In Califorma, 1 got mnvolved
with pristine and near-pristine
grasslands and forests and began
thinking in terms of the “larger
system” that is composed of soil
plus vegeration plus animal life, a
combination that is now known
as the ecosystem, Hence, | see
soil in the context of a living,
dynamic ccosystern, either a natural, or an agniculrural, or a
silvicultueal one,

Stuart: Just what is a soil?

Jenny: Soil scientists do not agree on this. But then, biolo-
gists cannot agree on a definition of life, nor can philoso-
phers agree abour what is philosophy. Take a granite rock,
say. A century later, perhaps a millimerer of its surface has
weathered. Is that a soil? If you are a farmer, you say no,
because you couldnt grow a crop on it. But from the bio-
logical point of view it certainly is 3 soil. Some of the chem-
ical compounds have been altered by the processes of oxida-
tion and reduction. Thousands of different kinds of bacteria
have begun to live on the weathered rind, excreting acids
thar further dissolve the rock. =

If you go into the mountains, you can see this process
at work. Much of the rock has parcerns on it in tones of red
2nd brown, composed of iron oxides and so forth. The
designs are beauriful, Are those soils? Yes. 1 would say that
they are. When a volcano like Mr St. Helens throws out
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I place natural soils and
ecosytems—the narure museums
—on a par with art museums,

automobile and railroad

museums, golf courses, racetracks,
music halls, and gambling halls,

even colleges and temples.

fresh lava, that is not yet a soil, But the first rinfall starts 1o
change it. It begins to became a soil.

Stuart: You ralk about a living system. Why is it imporrant
to you to include chis aspect?

Jenny: Many ecologists glibly designate soil s the ablon
environment of plants, a phrase that gives me the creeps. Is
the bark of a tree the abiotic environment of the treef And
what about the bacteria-rich rhizosphere? Looking ar the
root-soil boundary under the powerful electron microscope.
an observer cannor tell where the biotic part ends and the
abioric part begins,

Soils contain over a thousand different species of lower
animals, the carthworms, pill bugs, nematodes, millipedes.
termires, anrs, springrails, and amoebas, not o mention the
millions of molds and bacteria. My late teacher, Professor 3.
A. Waksman, discovered in soils the microbes that produce
the antbiotic streptomycin, which cures tuberculosis, and
was awarded the Nobel Prize in medicine; he signed s les
ters “soil microbiologist.”

When | add up the live
weight, exclusive of roots, eso-
mated by soil biologists, | find
more living biomass beiow
ground than above it. amounting
to the equivalent of nweive horses
per acre. The soil organisms con-
sume oxvgen from che soil i
and give off carbon dioxade. and
the summation of the multrudes
of respirations characcenize (he
metabolism of 3 soil individual.
Hence | designare soil as 1 living
system.

If all cthe elephants in
Africa were shot, we would barely
notice it, but if the nicrogen-fix-
ing bacteria in the soil. or the
nitrifiers, were ¢liminated, moss
of us would not survive for long
because the soil could no longer support us. | can't help
thinking of the claim that healthy soils make healthy peo-
ple, and as an extension, [ am intrigued by the thought that
good soils make good people, but thar nosion scems unten-
able. Well, not wholly so. Working in the garden with spade
and hoe soothes the minds of many people.

To this dav, | cherish an old photograph of a white cas-
tle on a rockv promontory in Germany. At the base sits a
large farmhouse, telling you that it supports the castle and
its folk. But che most beautiful thing in the picture is che
well-groomed manure pile beside the stable. The farmer
would weave che pile, rurning the manure over his boot and
stacking it in neat layers like a display of sausages. For me
the photo said that the proud nobleman on the hill owec
his daily life to the soils fertility.

Stuart: You described how Wiegner and Bradfield looked a1
the soil, but | wasn't sure where you placed vourself.

Jenny: Observing soils, studying them. and reflecting on
them induces respect. if not wonder. All of us relate 1o soi



WALK A GIANT
STAIRCASE

STEPHEN WHITNEY

LONG THE WATERSHED of Jug Handle Creek on California’'s
spectacular Mendocino coast, nature has creaced and preserved
a remarkable ecological staircase where the basic processes
thar inform all landscapes are epitomized and displayed wich the ele.
gance and economy of a museum exhibit. Here, five wave-cut terraces
formed beneath ancient seas rise from the shore in staircase fashion,
each step being abour 100 feec higher and 100,000 years older than
the one below ir, and each supporring a distinctive associaton of
plants, animals. and soil. The staircase provides perhaps the finest
record anywhere of the fluctuations in sea level that accompanied the
advance and recreac of glaciers during the grear Pleistocene Ice Age.
It may also coastitute the mosc clear-cut display of ecological succes-
sion in the world. [n mose places, we can only infer the processes thart
created the parucular landscape before us—whether it be forese, or
r coasral plain—bur ar Jug Handle we can follow step-by-step
300,000 years of nacural bistory. Here, the child is indeed father 10
the man, for the lower—and therefore younger—terraces to a4 degree
represent ecological stages through which the upper and older ter-
races passed hundreds of thousands of years ago. The story progresses
from the colocful ddepools of Jug Handle Cove to grassiands and
coastal forest and finally, on the upper terraces, to the unique Mendo-
cino pvgmy forest, among the tiniest woods in the world.

The Jug Handle watershed does not contain the only staircase
formation or pygmy forest on this coast, merely che finest and most
accessible, It is also che only place where the encire staircase remains
virtually intacr. Scientiscs have long been aware of the importance of
the staircase formation to our understanding of soils and ecosystems,
bur until recently it has received litle arcention beyond a few rechnical
articles, which appeared from time to time in professional journals.
I'he sole exceprion seems 10 have been a shorr article writtea by Dr.
Hans Jeany, a soil scientist from the University of California, which
appeared in the Sierra Club Bulletin exactly 13 years ago. Writing
about the pygmy forest in particular, Dr. Jenay then stated wharc re-
mains the most essenrial poinc about the need o presecve the encire
staircase, which is thac some lands deserve preservation not for their
scenic beauty or wilderness qualities, buc because they embody unique
ecosystems that increase our underscanding of the processes that shape
natural history, Jenny was to recognize in Jug Handle, in particular,
the oppurtunicy to preserve an entire ecological transect, an immense,

desert, o

Jvg Haudle Creer meanders through its nareow seablaff corridor.



casily readable storvbook 10 scientists
and laymen alike. He had swudied the
Mendacino sea cerraces for magy
yenrs and knew that of them all, Jug
Handle was not merely che finess, buc
also the only one that could be en.
tirely preserved,

In an acempt to educate the public
about the importance of the Jug
Handle transect, Dr. Jenny has pub-
lished arricles, 1alked 1o conservation
groups and scientific gatherings, and
worked closely with responsible gov-
ernment agencies 10 preserve the stais-
case. The hest result of these efforts
came in 1962 when State Forester
F. H. Raymaond set aside 250 acres on
the upper rthree tereaces as the Pygmy
Forest Reserve. Jenny and his col-
leagues at the University of California
had pointed our the grear value of the
pygmy forest 1o soil scientists and
ecologists, and the force of their argu-
ment was recogaized not only by the
State Division of Forestry but also by
the L8, Departmenct of the Interior,
which Jdesignared the reserve as a Na-
tional Natural Landmark ia 1969.

While Dz. Jenny was working on
one iront, John Olmstwed, a young
bomnist who had beea teaching
courses in the Mendocino area, began
1o work on another. He had been
fascinated by Jenny's description of
the staircase, realized that it com-
prised a narural schoolroom of great
value, and in 1968 founded with
others the Califoraia Instdwte of Man
in Nacture for the purpose of preserv-
tag ic. Beginning with only $300 and
a dream, the insuture under Olmsted's
direcrion has since raised over $100,-
000 for the purchase of lower-stair-
¢ase property. It now owns 140 acres
on the first and second rerraces and
hopes 10 purchase more land in the
fnure,

Despite both Jenny's and Olmsted's
separare efforts the swaircase sill re-
mains in private hands. In order thac
the enrire ecological story at Jug
Handle can be told, it is essential thac
at least 2 major portion of the lower
terraces be ser aside. The difficulty of
doing so, however, has been thar of
educsting the public to values thart are
not immediately evidenr. Jug Handle
is not sceanicly unique—the beauty of
the cove, for example, is reproduced
all aloag chis coast, Nor is the pygmy
forest itself much 1o look at, being a
scraway, drab tangle of tiny trees and
shrubs., We easily respond to the
splendor of wilderness, bur it is diffi-

cult to immediately understand that an
area deserves preservation because it
is ecologically imporant,

The process of staircase formartion
is complex and imperfectly under-
stood, but seems 1o depend mainly on
a steady, uniform uplifting of bedrock
possessing just the right physical
characteristics, 2 combination of con-
ditions thar in California, at least, ob-
tains most perfectly along the 20-mile
stiretch of Mendocino cozst berween
Fort Bragg and the Navarre River,
Each step of the staircase was cur into
sandstone bedrock by the rising seas
thar marked periods of glacial retreac.
Subsequent glacial advances produced
receding seas, which chen deposized
miscellaneous sands, gravels, and
clays on the bedrock platfform. At the
same time, the entire coastal land mass
was rising-—as it stull is—and the ter-
races were lifted higher and higher,
like steps of a giant escalator. Today's
interglacial ocean has cur another,
embryonic terrace offshore, and if
this coast continues 10 rise, ihis new
step may itself overlook some furure
sea,

Jug Handle Creek transects the en.
tire staircase, having <ur a tvpical V-
shaped canyon through the upper rer-
races and a narrow corridor through
the first-terrace coastal bluff. [t flows
across 2 sandbar into Jug Handle
Cove only four miles from where it
began, high on the Aith terrace. The
seablufls rise about 60 feet above the
beach and extend one-half mile east-
ward along the creek estuary, The
beach itself is narrow and is com-
posed largely of quarez sand carried
from the upper terraces by Jug Haadle

Creek. The beach is lighter than oth-
ers on this coast, where dark sands
predominare. Off Jug Handle Point
on the south side of the cove, a few
seastacks provide nesuog sites for
cormorants. Beneath the waters of Jug
Handle Cove and just off the point
exist tidepools and submerged reefs
containing an exwremely rich variery
of sealife, including extensive popu-
lations of beautiful urchins and red
anemones. The deposition of 5 10 15
feet of sand on the reefs and ridepools
would prepare them to be = future up-
lifted cerrace like the seabluff above
them.

The frst terrace is covered mostly
by grasses and hesbaceous plants such
as lupine, coast poppy, and sea pink,
which can withstand the salty 2ir and
the seemingly eternal winds char
harass this coast, Butr ca the seabluf
on the south side of Jug Handle Cove,
the southeramost wind-dwarfed Sicka
spruces grow in low, sculpred thickers
—ar krumholizes —with canbark ozks,
lowland firs, and bishop pines. Oa
the eastern portion of che first terrace,
grasslands slowly give way to typical
coastal scrub species, which in wrn
vield to conifers at the beginniag of
the second terrace. Bishop and shore
pines, perhaps remnants of an anciear
forest that grew here when the coast.
line lay farther west, are scautered
about most of the first terrace, save
that portion nearest the sea. Alder and
willow thickets line the creek borrom
cut through this terrace.

The beginning of the second terrace
is marked by a thick forest of Sitka
spruce, lowland fir, and bishop pine,
while at the back of the terrace an an-
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cient weathered dune suppores stands
of redwood and Douglas fic. When
tkis terrace overlooked the sea per-
haps 100,000 years ago, winds hurled
beach sand onto the top of the sea-
bluff, piling it up one mile inland just
=3 they do today at Ten Mile Duanes
north of Fort Bragg. Over thousands
of years, immense dunes formed, col-
onized ficst by grasses and salt-tolerant
plants and lacer by conifers as che -er-
race rose higher above the sea. At jug
Handle, larger, older, even more
wedathered dunes mark the beginning
of the fourth and fifth terraces. Be.
tween, the spruce-iir forest and che
second-terrace dune grow mixed
stands of rall bishop piae and Mea-
docine cypress. On the canyoa slopes
and along the endre scream bottom
stands a mixed forest of redwood,
Douglas fir, lowland fir, western hem-
lock, and Sitka speuce, the lasc species
represented by a magnificent 12.foot.
diameter tree, which is the largesc on
the Mendaocino coast.

Ecosystems replenish themselves by
efficiently utilizing che nutrients bound
up ia the organic detritus produced in
the cycle of life and death. The floor
of the coastal forest is covered by a
thick carper of needles and leaves,
whose high acidity prevents the in-
cursion of alien species and which,
when broken down by micro-organ-
tsms, forms the nucrient-rich humus
layer on which cthe forest chrives. On
the staircase, however, this cecycling
of once-living material has been inrer.
rupted. Because of the uaderlying,
impenerable bedrock and flae seruc
ture of che terraces, drainage is poor
So during the winter rainy season—
whea from 40 o 80 inches of rain
may fall from October to April—large
standing puddles of rea-brown warer
collect on the older rerraces, their
color indicating humic acid from che
incompletely decayed forest licter,

The standing warter oa the second
terrace has in many places leached
autrients from the surface soil hor:-
zon, leaving an ashy white quarz
layer kaown as podsol, a precursor of
what is known locally as blacklock
s0il. In the middle of the second tec-
race the podsol layer is uaderlain by a
rust-colored hardpan, formed from
pacticles of precipitated iron hydro-
xide, makiag it a crue blacklock. This
podsoland hardpaa formation ceaches
s extreme stage on the higher cer-
races, where it underlies the Mendo-
cino pygmy forese. Where it has begun

t0 form on the second terrace, a small
tract of dwaefed—zhough not pygmy
—bishop pine and Mendocino cypress
interrupts the towering splendor of
the surrounding forest.

A rall stand of bishop pines and
rhododendron grows on the well-
drained western face of che third ter-
race, but scon gives way to a drab,
scrubby tangle of plants, looking
more like chaparral chan forest. This
is the Mendocino pygmy forest,
drenched in wincer, pacched in sum.
mer, growing in the world's most acid
sotl. Here, bishop pines and Mendo-
cino cypresses rarely exceed 2 man's
heighe, and cheir trunks are seldom
bigger than 2 man’s forearm, and
often much smaller. Bolander pines, a
race of the shore pine and a pygmy
foresc endemic, are almost as small.
One remarkable chree.inch-diameter
“tree” was found to be a ceatury old.
Orher pygmy-forest plants include
several members of the heath family,
including salal, rhododendeon, wax
myrtle, Labrador tea, huckleberry, and
two species of manzanita, one of which
is an endemic. In addition, sphagnum
bogs—which are raze everywhere and
which occur no farther south on the
coasti—have formed on the upper
three terraces where dune springs
provide water throughout the sum-
mer. Here, too, grow che bizarre, in-
sect-eating sundew plaats, whose tiny
fiypaper leaves can hold large damsel
flies.

Loagevity is rare in the pygmy [oc-
est because disease is common. Pine
Zall rust, which is an indicator of soil
deficiency, forms arange growchs on
many pygmy focesc trees. Soil analyses
conducted at the University of Califor.
nia at Berkeley have revealed extreme
shorrages of potassium, calcium, mag-
aesium, and phosphorus, all necessary
mioerals to normal plant growth. The
process of podsolization thar is under-
way on the second terrace is complete
on the thicd. Only a pygmy humus
layer covers che bleached upper soil
horizon. Winter looding continues to
fexch and sour the soil. Summer
drought (2lmost no rain falls berween
April and Ocrober) praduces desert.
like conditions in the pygmy forese,
and the undeclying iron hardpan pre-
vents pygmy roo(s from cappiag the
groundwarter benearh.

Alchough no single factor has been
found 10 be cthe main cause for dwarf-
ing and endemism on the saircase
formacion, several stand out; poor

drainage, highly acid humus laver,
mineral content of uaderlying sand
deposics, climate aad rainfail,
length of time each terrace
above the sea. The fircc zerracs 14 <00
young and too close 0 the ¢
support masc of the conirers (
cede the pYgmy lores:. On :he secand
terrace, the process of podsolization
has, on the geological cime scals, only
jusc begun, so tll pines. fics, and
spruces still thrive on the wacerlogged
Hats. Only when we ger 10 the thirc
terrace has enough time passed (pec-
haps 300,000 years) to produce the
climax pvgmy foress. Given th: ex-
treme conditions in which the pyzmy
forest grows, it seems marvelous chat
1t persists ac all, thac it doesa’t juse
shrivel up and die. Yer nor only does
it sucvive, it comprises, accocding <0
soil scientists, a steady-stace ecosvstem
in which plans, animals, wacer, soil,
climare, and the ¢ouncless other ele-
ments thac lateract to form a2 naweal
community have achieved a pecfect
bialance. Only man or 2 major change
in the namueal makeup of che cegion
can descroy the pygmy forese. fois the
climax, and perhaps the glocy, of the
staircase
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and his immediate supporters have
been spearheading the drive 10 save
the scuth bluff of Jug Handle Cove
from mortel developers, others have
been seeking a far-reaching method
of preserving the stircase—the crea-
tion of a nasional monument to pro-
tect this whole unique ccosystem at
one stroke. While John Olmsted seeks
to follow up his ecarlier successes in
raising funds to hold remaining pri-
vate portions of the staircase, Dr. Hans
Jenay has been following up the fed-
eral solution suggested several years
ago. The national monument that Dr.
Jenny and his informal commitee of
prominent Mendocino County resi-
dents and informed laymen and scien-
tists across the natgn envisage would
combine the presently protected pyg-
my forest lands with lumber company
lands separating them from the par-
cels owned by che Insdtute of Man in
Namure and would add rhe seabluff to
complere the portrait of the Mendo-
cino staircase. It appears ac this ime
that Representative Don Clausen
stands ready 1o intwroduce legislaton
10 ¢reate the national monument when
the county supervisors endorse the
proposal. The supervisors, in turn,
wait on a favorable report from the
planning commission.

Time is a serious problem. [n the
fight t0 preserve the south seabluff,
Olmsced Ands that the developers now
want $37%,000 for the twelve acres
that they bought for $150.000 four
years ago, 2 sum that seems complertely
beyond the reach of the California In-
surute of Man in Nature, despite its
imaginative and successful funding
programs. Dr. Jenny argues thar even
if the south bluff shouid go, the push
to create the National Monument
could sull succeed in saving an intact
terrace system. Joha Olmsted mighe
reply that if the south bluff goes the
north side might scon follow, a de-
pressing evenwuality that would in-
deed demolish all the work that every-
onchasinvested. Furthermore it would
take at least a year and a half 10 ger
government funds. Whar is clear is
that any program to preserve the en-
tire cross-section of the sea terrace
system badly needs the support of the
local governmental bodies,

Like so many orther irreplaceable
nawral areas, the Jug Handle staircase
could be lost because we Americans
have not learned how to weigh those
values that elude the accountant’s bal-
ance sheer. We are beginning to de-

velop a land ethic —the impact studies
reflect this progress —but we still have
no overriding vision of the best uses
to which our various lands should be
put, a0 comprehensive public policy
whereby such a vision could be imple-
meoted. Willy-nilly our finest re-
sources continue to fall o rhe bull
dozer, the chain saw, and the dragline,
despite energetic efforts 1o save them,
Those areas and resources thar are
preserved from inappropriate uses
and thoughtless stewardship are sel-
dom saved by appealing to elusive vi-
sions or philosophical positions. The
stuff of litigation is facts and logic, and
the heart of impact statements is
feasibility and compromise. We must
use the techniques available and be
thankful when they work, but we
needn't imagine they embody the
highest expression of our inwitnon or
the final justification of our beliefs.
The very circumstance of considering
and having to debate the possibilicy of
buildiag a morel ar Jug Haadle Cove
argues nothing so much as our own
loss of perspective and sensibility,

Perhaps more than any other nat-
ural area, this staircase is valuable as a
complete, functioning example of ¢co-
logical successien, The processes here
eachaarus more than the results. There
is an elegance to the story that unfolds
here, and if the final resulcis a scraway,
malaourished cousin (o the grand
forests of the North Coast, its very
oddity impeis us 10 wonder and ex-
plore.
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take at least 2 year and a half to get
government funds. What is clear is
that any program to preserve the en.
tire cross-section of the sea terrace
system badly needs the support of the
local governmental bodies.

Like so many other irreplaceable
natural areas, che Jug Handle staircase
could be lost because we Americans
have not learned how 10 weigh those
values thar elude the accountant’s bal-
ance sheet, We are beginning o de-

velop a land ethic—the impact studies
reflect this progress—but we still have
no overriding vision of the best uses
to which our various lands should be
put, no comprehensive public policy
whereby such a vision could be imple-
mented. Willy-nilly our finest re-
sources continue to fall o the bull-
dozer, the chain saw, and the draglioe,
despite energetic efforts (o save them.
Those areas and resources that are
preserved from inappropriate uses
and thoughtless stewardship are sel-
dom saved by appealing to elusive vi-
sioas or philosophical positions. The
stuff of licigacion is facts and logic, and
the heart of impact statements is
feasibility and compromise. We must
use the techniques avaifable and be
thankful when they work, but we
needn't imagine they embody the
highest expression of our intuition or
the final justification of our beliefs.
The very circumstance of considering
and having 1o debate the possibility of
building 3 motel at Jug Handle Cove
argues nothing so much as our own
loss of perspective and sensibility.

Perhaps more than any other nat-
ural area, this staircase is valuable as a
complere, funcrioning example of eco-
logical succession. The processes here
enchantus more than the results. There
is an elegance to the story thar unfolds
here, and if the final result is a scraway,
malnourished cousia 1o the grand
forests of the North Coast, its very
oddity impels us 0 wonder and ex-
plore.



HOW PLANTS AFFECT SOILS: HANS JENNY AND THE
“BIOTIC FACTOR” OF SOIL FORMATION

by Carrison Sposito

Everyone knows that soils affect the way planis grow,
Passing by a farm whose crops show patchy unevenness
in height, or variability in the color of their feaves, we
think at once of there being some underlying variability
in the soil on which the crops are growing. And soils
themselves are replete with living organisms, Soil s aot
Qnly mineral particles and organic matter in \arying stages
of decomposition, but also is home to legions of micrabes
and small animals. In fact, just one pound of fertiiz sonl
can contain a population of bacteria alone that is fift ¥y iimes
larger than the entire world population of human beings.

What is perhaps less commeonly appreciated i¢ the
possibility that plants by themselves — herbaceous plants,
shrubs, and trees — can affect soils. Think for a2 moment
about a forest floor. Year after year, leaves, blossoms, fruit,
cones, twigs, branches, and bark fall 10 the ground as litter
produced by the forest canopy. This accumulating, dead
biomass eventually would bury the living vegetation that
produced it, were it not for the small 50il animals and
microbes that decompose plant debris as they carry out
their life cycles, While all this is happeaing, 1he soil below
receives products from the litier decom positicn,
particularly finely-divided, dark-eolored srganie matter
and plant nutrients. The organic masier (humus) peamotes
in soil a myriad of ehemical seactions snd pliysicai
precesses that influence the way soil properties will change
G La, irrespactive of the geologic origin, focal climate,
or physiographic setting of the soil. Thus, the vegelation
growing on soil affects its evolution.

" Different environments can lead to very large variations
in the properties of litterfall. For example, an old Sierran
redwood tree supports a large, circular mat of decomposing
litter, whereas in a Colombian rainforest, despite the very
high annual rates of litterfall, the 50il surface i barely
covered with litter because the warm, humid climate
accelerates the rate of decomposition. The rate also
depends on the composition of Jitter, which is plant
species-specific. At 6000 feet in the Sierra Nevada, litter
under an oak tree can decompose at an annual rate more
than seven times greater than that for litter under an
adjacent pine tree. Thus, in the Sierra Nevada, forest-floor
litter tends to be much thicker under pines than under oaks,

Roots, of course, are also parts of plants and they
produce decomposable biomass in soil just as the canopy
produces litterfall. The annual yield of oot blomass within
soil can even exceed the annual littesfall, The maay fine
roots of grasses are the source of the typically higher
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humus content of meadowland soils as compared to
adjacent forest soils. As roots grow, their tips enter soil
pores and push soil particles apart: as roots thicken, they
compress the 50il mass and may cven force it upward. A
dramatic example is the old Siersan redwood tree that
can push, heave, and warp soil over a diameter of several
vurds, destroying the vertical arrangement of its subsurface
fayers (called soil horizons).

-As a final and perhaps more subtle example of how
plants can affect soils, think of what happens when it
riins on a forest canopy. As raindrops f2il on a tree, some
of the drops are intercepted by leaves, 1wigs, o branches
and (if they do not evaporate) are diverted 10 become
stemflow, the remainder passing throuch the canopy as
crown dnip. Siemflow and crown drip carry dissolved plant
nutrients and deposited dry matter from the canopy
surface into the soil below, modifving the chemical and
biological processes that cause it to evolve with time.

The Dilemma of Interactions:
Enter Hans Jenny

The simplicity of these three examples of plant influencss
0n soil lides the cenceptual ditficulty one encounters
in trying 10 isolate more precisely the ways in which plant
influences actually operate, For example, plants remove
autrients from soil as they grow. During growth, their
roots may release acids that help to dissolve the nutrients
from soil particles, but whether this release occurs is
depends on the forms of nutrients (for example, whether
the form of nitrogen is nitrate or ammonium) that the
plant has removed and taken up previously, Thus, the way
a plant alters soil is apparently conditioned by the way
the soil has influenced the plant, A legume like clover

¢ grows differeatly, depending on how successful are the
nitrogen-fixing soil bacteria in celonizing its roots. To

(- make maiters more complicated, plant effects on soil must

depend in some way on Jocal miczoclimate and water supply,
and these factors also act on soil quite separately from
vegetation, How is this web of interactions to be untangled?

The solution of this problem was achieved in 1941 with
the publication of a book, Factors of Soil Formation, by
Haas Jenny, then Professor of Pedology (the science of
soil development) at the University of California at
Berkeley. This rernarkable book was the culmination of
2 brilliant synthesis of caclier work on how soils form,
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as well as a potpourri of penetrating insights as to the
role of external conditioning in the evolution of soil
properties. The book has been read widely in the discipline
of soil sciencs, compared in influence to that of Darwin's
Origin of Species, and used as a research reference by
students of pedology even to this day. Its author, no less
remarkable than his landmark book, enjoyed sixty-five
years of scientific research on soils and ecosystems until
his recent death in January 1992, just one month short
of his ninety-third birthday,

All textbooks on soil science give an account of Jenny’s
five key factors of soil formation. [n the context of plant
influences on soil, they can be expressed in an equation
now widely referred 10 as the “clorpt” equation.

To understand the “clorpe” equation, it is importang
o XAbW thal it is Iogically akin 1o the “state relationships™
of physical chemistry, the discipline which Hans Jenny
emphasized in his formal training in Switzerland before
immigrating to the United States in 1926. Much of the
thinking implicit in Jenny's Facrors of Soil Formation
(1941), is indebied intellectually 1o the branch of physical
chemistry known as thermodynamics, a lifelong interest
of Jeany. This relationship is discussed at length in his
boak, The Scil Resource, published in 1980, but we can
fummarnze itin a less abstract wav.

Think again, for a moment, about the Sierra Nevada,
and imagine 2 long, narrow transect laid out in the
foathills, running south-north, parallel to the axis of the
mountains, and including broad ranges of precipitation
and temperature, as well as variable lopagraphy and soil
parent matenal. The vegetation canopy changes from arid-
zone shrubs to amasiands to pinesfir forests as (N AnnuE
rainfall increases northward along the transect: clearly,
the distribution of observed plants is dependent onthe
iocal climass. This dependenss san be supprsssed by
considering only the part of the transect receiving a narrow
range of annual rainfall (24-30inches) in the middle of
the whole range of variation (3-80 inches). In this part
of the transect, clusters and groves of pines alternate with
expanses of grasslands in a seemingly random fashion.
If an effort to choose sites of similar topography also is
made, one discovers that the humus content of the soils
and its degree of enrichment in nitrogen show a striking
dependence on whether grasses or conifers are the
dominant plants growing on the soils. The surface soils
on which the pines grow are those consistently higher in
humus and relatively poorer in nitrogen, something that
is recognizable at once in the field by the darker color
of the soils. If the entire transect is then examined with
a careful eye kept on the dominant plant species making
up the vegetation canopy, the humus/nitrogen relationship
is found to hold regardless of the annual rainfall or the
type of geologic material from which the seils have
formed. Thus, the vegetation is controlling the humus
content and composition in these soils independently of
local climate and other soil-forming factors.
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variable Inthe more 1echnjcal language of botany, the
genotypes of plants—their genetic constitution as
embodied in the multitudes of dispersed nearly
everywhere - are biotic factors, but their phenotypes —
their expressed features after interaction with the
environment as embodied by those seeds which germinate,
root and grow thus interacting with the environment — are
effective biotic factors. As summarized by Hans Henny,
vegetation is not a biotic factor; flora is,

Hans Jenny on the Biotic Factor

The example of the biotic factor at work in the Sierra
Nevada foothills is 1aken from The Soil Resource. It
represents a disullation of a thought process thag was being
refined for over forty ears in the mind of Hans Jenny.
Indeed, the clearest description of that process comes
from Jenny himself, who discussed it in his oral history.
Following is a pertinent excerpt from a lively discussion
in the oral history, Hans Jenny, Soif Scientist, Teacher
and Scholar, cenducted by Douglas Maher and Kevin
Stuart in 197983, and reprinted with permission by the
Bancroft Library, University of California, Berkeley, 1989.

Jenny: The factor of topography wasn't 100 much of
a problem, but the biotic factor, that posad a real difficulty;
and while people have accepled the parent material as
the iniual state, there is, [ would say, controversy and
nesitancy in seeing the biotic factor the way [ see it.

A diagram of the widely-used “clospt equation” by Hans Jenay on the
Infengey on séosvaiem properiies (011, S planiy, v; animals, @) by
climaie (cf), organisms (0), sopagraphy (r), pareal material {p), and
the passage of time {1). Reprinied by permission of Williams and
Wilkins from R, Amundson and H., Jenny, Soil Science {1991),

organisms, o
(genotypes)

)

climate
cl

L

plants, v; animals, a

soil, s
ecosystem
topography parent b
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Maher: Wiy don't you explain the development of your
thinking elong that line, the first terms thot you used,
and how you bounced back and forth?

Jenny: It probably goes back to when | worked with
J. Braun-Blanquet, the botanist, in the Swiss Alps, and
when we discussed how soil and vegetation swlve logether.
To what extent does soil affect vegetation, 10 what extent
does vegetation affect the soil, and how can the two actions
be separaied? Later, fancy words appeared in the literatuze,
like loops from the information theory, on how interaction
was to be handled.

In the technical literature, a soil formation equation
by Professor C.F. Shaw has soil as a function of vegetation,
and we have a formula by Txen, a German botanist, in
which vegetation is a function of the soil. Hence we have
wQ conuary.l'onnulalions. switching cause and effect.

It took me quite a while to convince myself—and
probably as a result of 1alking 10 people like Professor
Herbert Mason, who used to teach ecalogy, to Ray
Overstreet and 1o others like Sauer—10 come 10 the
conclusion that vegelation was not the proper word 10
use for a state factor. The botanisis made long ago the
fundamental distinction between vegeration and flora
of an area. Zoologisis don’t have this idea or don't have
different words for these two things.

Maher: Where was the difference in your view?

Jenny: According 1o botanists, the Nora of an areais
a list of species -~ how many species and iheir names —
whereas the vegelation refers to the amount of biomass
produced —whether the corn plant is 1all or small, or in
poor shape, or in good shape — this would be vegeration,
It would be what the botanists call the alismmiize
compared (0 the gencrype, which refers 1o the genes of
an organism. [ doa't recall how | made that transfer from
vegetation to flora as being the biotic factor, and, like
the parent material issue, it probably was a gradual thing.

With colleagues and students [ discussed pot
experiments, where you put seeds in a flower pot containing
soil, and the seeds grow and, depending on the soil, you
get big plants or little plants, which is the vegetation, The
action of putting the seed in the system, that is really the
crucial thing, The seed species is the fora-type.

Looking back now, when 1 wrote Factors of Soil
Formation, | wasn’t a hundred percent sure, or [ wasn't
consistent in separating vegetation and flora, Certain
headings of sections are, [ would think now, misleading
because [ talk about vegetation. 1 have concluded,
therefore, that the vegetation is a dependent variable and
flora can be the independent variable, [ identified the latter
with the soil-forming factor as the influx of species, the
flora of influx,

Some years later, I discussed that thoroughly with other
people, like R.L. Crocker and another Australian, and we
agreed that the core of this idea was satisfactory or plausible.

There are several ramifications regarding the “species
rain," the influx of the specics. For analogy, [ call
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precipitetion a “state facior’; ihe soil-forming fi\.'-'“l‘f.
precipitation. But from the viewpoint of soil chc.mzs:r;i.
that is not necessarily the proper moisture criterion, To
a soil chemist, the water regimen inside the soil is the
crucial thing. If there is a close correlation between that
water in the seil and the precipitation, then the
precipitation is @ proper state factor to use, On slopes there
may be runoff. From the viewpoint of erosion, the runoff
part of precipitation would have 1o be used, This is very
clear in R.J. Arkley's “leaching factor™; for the Jeaching
process, the water which percolates the soil is the crucizl
thing. Both runoff water and percolation water are related
to the rzinfall, but not necessarily in a simple fashion.

Maher: Hod you been thinking about this in the period
when you were writing the book?

Jenny: The Factors of Soil Formarion?

Maoher: Yes,

Jenny: No, [ bring that out now 10 explain some of the
difficuliies, and ene such difficulty occurred in the biotic
factor, and I argued back and forth with Crocker in the
1950s, All right, the influx of all spacies; but actually whzy
countsis the species that are growing. That is what will
affect the soil. Not just all that comes in, with the exception
that you getr ¢arben and nitrogen in seed influxes, 274
that sort of thing. Crocker resiricied the biotic factor 1o
the effecrive bioa, He s2id the vegetation is the effeciive
biotic factor, | <ay, it is the flora that is growing.

Crocker 2ls0 thought vegetation was affecting the <oil
independently, but 1 don't see it that way. You put a sesd
in a pot azd the seed grows, but how it affacs the soil depends
entirely on how 1he environment of ihe plant, including
substrate, controls the behavior of the plant, To me, the
“effective bionic facror,” meaning vegetztion, isa dependent
variable. So I could not fully agree with Crocker.

I measion now these terms, dependent and independent
variables. They, I think, are the greatest obstacle, and
still are the greatest obstacle to the success of 1he state
factor zpproach to ecosysiems and soils, and it
in¢ludes the misunderstanding — what it means to have
an independent variable,

I tried to explain in the original book that independence
means that a variable can be independent. It doesn't Agve
to be independent. For example, the soil, and a plant
growing on it, cannot be independent of each other. The
soil affects the plant, and every other second, the plant
affects the soil. So there is no independence. But for the
flora, the soil is not going to affect the genotypes of the
seeds that I put on or that are blown in. '

Maher: Do you mean it is not going fo affect the genetic
make-up of thet particular seed. It's not going to change
into an acorn?

Jenrmy. Whether that soil grows a pine oran oak depends
on the influx of the seeds —what comes in — and that’s
independent of the soil. The seed comes in independently.
So ! can say that the potential flora is independent of the
soil. The seed that enters, its genetics, is independent of
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s is charaztesivtic of the terraces of the
Mendocine ecological staircase where 1rees such 2t this Mende<ino
Qpress (Cupressus pigmea) grow. Photograph v Svivis and Stephen
Sharnoff,

the soil, because it was formed before it ever reached the
soil. In that way, | could conceive the biotic factor as an
independent variable, and 1 have to have independent state
factor variables in order to solve the “clorpr” equation.
O(hcrwi.tf, it cannot be solved.

Maher: So you were taiking about the biotic Joctor
insomuch os it is an independent factor?

Jenny: That's right. It had 1o be defined that way, All
the state factors | had to define — I realized that carly—as
independent variables so they can change independently
of the others. Each one you can change — and | knew that
right away with the ¢limate. I can §0 10 an area having
a given temperature, and a great variety of moisture values,
or I can take a certain moisiure range — a certain rainfall
range —and | can find localities where the temperatures
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differ a great deal. Sothe two n
mazy be related from the mete
but that is not what is of conc
[ don’t ask, for example, how wer
down deep inthe Eart h arl don'
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are formed. 1 naercly “"t 'PE'S‘.I’EU’Z-F: nrements hese

andthereand | gs. [ exclude all discussions
on how the siate factors originate

Moaoher: You said earlier on you realized that you hed
lo define the independent variables o5 independer

Jenny: That's right, as independent

Makher: When do youmean “early on"? Do yeu mean
when you began reaching rkis course?

Jenny: Yes, before 1staried to write the book. When
[ worked onthe definitions I wasn’t thinxing of a Dook.
But, while I was working on definitions, ihat was vary
clear. There had 10 be dependent and independent
\qnab'ﬁs [ could see thzt in statistics. 1f you had a property

depending on several variables, and
not independent, you could never unc¢
zoing on. You didn't know what cayse;
aspect is not well understood, and peopi
[ tpeak of anindependem \‘..m"»]c h:
ndependently. No, it mezns it can s
Very clearly, temperature and 'c--:' : &
independent variables. W hcn 12 .t(rr. .*.'.':-uma;n. the

’
there they are not independent of each other, | ¢canno
teparate these 1wo varizbles 10 understand why the ,3
change as you go up a mountzin. That can be done if vou

get areas or zones in which the two vary independently
of each other.

Hans Jenny and friends (Chris Bartlett, her ¢hildren, and Alice
Howard), November 1986, in the Pygmy Forest, one of the many
unique ecosysiems he and his wife, Jean, have warkad 10 preserve in
Califernia. Pholograph :oums) of Jm Jenny.

16 ' FREMONTIA

>

ns Jenny about the diotic factor can
lustrated once sgain with the results of a field study
done on antelope bush (Purshia tridentara) and ponderosa
pine (Pinus ponderosa) growing on the lower slopes of
\" Shasta. Glacial deposits of rock on this mountain
have been subjected occasionally 1o rare combinations
of very heavy snowfzll fallowed by hot ¢pring weather
hat together trigger massive mudflows that descend the
slopes, devastating lower-lving foresis and covering them
with deep, vniform mud deposits. The latest of the
mudfiow eventsoccurred in 1924, Forty years later, the
toil that was forming on the mud deposils supported the
owth of mosily antelope bush and ponderosa pine,
mong other plant species. Excavations and chemical
znal )vs of both ¢oil 2nd whole plantis (including roois)
of similar age, showed clearly that antelope bush, through
the L,\.l“ ,,(o-_csscs 3' 'runh litter Lal" np, uxd litier decay,

These ideasof

sr
!
ar

muugc.x .-.nd ;..!n*_m, scxcralfcnd morer2 ,Ja!',' than was
the p'«ndcrc-<a pine. Since the other soil-forming factors
(cl, r, p, and tin the “clorpr™ equation) were uniform, biotic
fac 'Lr( are operating 10 vary the properties of soil a5 it
developed on the mudflow deposits. More information

-t

zbout this and other examples of the biotk “L'cr at work
can be found in I"'t Soil Resource (1980). Ina der
context, this example illusirates the generzl ;:-'F':.. hat
sifferent plant species engage in nutrieat cycling in
different ways and this, in turn, produces variations in
the properties of the il on which they grow. This unifving
perspeciive, initiated by Hans Jenny, is finding many
applications in medern research on the sustainability of
wildland ecosystemns under global environmental stress,
one good cm,..plc of which is the Alaskan taiga forest,
That soil and vegetation can be piclured as two
interacting natural systerns, each affecting the development
of the other as an independently-varizble factor, is a
crowning contribution of the sixty-five years of thought
and research by Hans Jenny on the genesis ol soils, The
richness of this concept, so typical of the ideas that abound
in Factors of Sail Formation (1941), has been praised in
an especially apt way by Professor Paul Day, a former

- colleague of Jenay at Berkeley in soil science: “Hans Jenny

has an unusuval capacity for originating ideas, applyin
them and communicating them to others. [n any field
of knowledge, truly original ideas are rare, and particularly
those which are pursued to the point of stimulating an
entire generation of scholars in the field. Hans Jenny has
done precisely that for soil science.” Our debt to him for
this is enormous.

The aurhor wishes o ocknowledge the collabovarive role of Hans
Jenny who prepaoved the first draft of the opening and closing
sections of this article, and his appreciation 1o Mrs Jean Jenny
Jor her unfailing cooperation.

Garrison Spasita Departinent of Soils Service, University of
California, Berkeley, CA 94720
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UNDERSTANDING THE PYGMY FOREST THROUGH TIME
by Alice Q. Howard

In late summer of 1986 Hans Jenny, professor emeritus
of scil science at the University of California at Berkeley
was eager tolaunch new field experiments in the pyemy
forest of coasta) Mendocino County, exploring theories
to account for the dwarfing of species. His collaborzior
of tweniy-five years, Arnold Schultz, was on sabbaiiczl
leave out of the country, so I offered 1o help Hans get
the experiments launched.

Hans zlso gave me another special assignment—:o
explore the history of the pygmy forest. He was seeking
whaiever information there might be about the geographic
and temporal continuity of the vegetation for a given trat
of pvemy forest. One of the often-heard theories of the
origin of zny panticular tract is that it follows from a fire,
which opzns the cones of the dwarf C¥press and pines,
starting 2n age class of seedlings.

I had spent many weekends on hands and knees gening
a rabbit's-ex2 view of the world while searching for
seedlings of the little trees to use in experiments Haxzs
was planning. Though seedlings were seldom abundznt,
I began to develop a sense of where they were likely 1o
be found, [ wondered whether anyone had ever Jooked
atthe plentiful epen cones of both pines and cypresses
at the sites where we were working — sites with no obvious
evidence of fire.

Searching the Historic Record

Finding historical information about a specific land
tract was much harder than finding seedlings. My years
at the University of California Herbarium and my work
on the first Rare Plant Committee of the California Native
Plant Society had made me aware of some of the moye
obscure sources of descri ptive materials about the
California scene. Applying this background (o the pygmy
forest, 1 found some tantalizing tidbits,

Following the history of the naming of the two dwarfad
conifers was a tangled tale in itself. According to J.G.
Lemmon, Henry Bolander had been the first 10 visit the
trees, Presumably, Lemmon meant the first botanist. At
the time, Bolander was with the California Geological
Survey, where in 1864 he had succeeded William Brewer
as botanijst,

In October 1865, Bolander presented a paper to the
California Academy of Sciences recounting his visit to
Mendocino, which was published in the Academy’s
Proceedings in 1866. Bolander said that “a small pine
tree” (which he called some kind of Pinus muricala) and
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averaged “only from five 10 fifieen feer” high, was 1o ba
found “on the so-called plains” behind Mendocine, He
amended the name a year later 10 Pinus conioria, Ha
spoke of 2 “mass of linle trees covering the plains.” Though
Bolander 2lso spoke of cypress et Mendocing City, he
made no mention here of dwarfed CVpress.

Bolander sent specimens of his little pines 1o
DeCandolle in Geneva, who turned them over 10 a
colleague, Parlatore, for study. The pine was described
as Plnus bolonderi in DeCandolle's Prodromus by
Parlatore in 1869, Severa] vears later Vasey called it Pinus
conieria var. bolonderi. However, neither of the
descriptions included an identifiable locality,

In 1872 Bolander wrote about thess little pinesinzn
€ssay on the coniferous trees of California publiched in
the Tansacrions of the Bay Disirict Horticuiturat Sociery
of California. Noting how in the Mendocino area the pinss
madea barrier against drifiing sand, he suggested (hz1
San Franciscans might find it useful for that same purpoce.
In passing he also mentioned the éwarfed Mendocino
QPress, saving it was “as yet undeiermined.” JG. Lemmon
100k care of that in 1892 in his Handbook of West-
American Cone-Bearers, in which he named the lin]e
cypresses Cupressus goveniona var, pPigma, noting that
they were “sparsely found on the ashen 'White Plains’
back from the coast, near Mendocino.” In that szme work
Lemmon szid the lite pines, £ contorta var. bolander,
occurred “On the white, ashy, narrow, almost sterile ‘Plaing'
paralleling the coast at Mendocino, a few miles interior”
and they contrasted strikingly with 1he “typical species
found abundantly on the near-by coast.” Evidently
forgetting his 1892 name, Lemmon ten years later gave
the cypress yet another name, C goveniona var. parva,
In 1901 Sargent named it C pPygmaea, Lemmon noted
that the pygmies had been “First visited by Professer HN,
Bolander [in) 1866" [sic).

In 1894 Lemmon, writing in the botanical Jjournal,
Erythea, referred 10 Bolander's original report, which
evidently lacked some details when it had appeared in

rgs of the Academy. “Bolander [had] climbed
the long sinuous stairway, reaching from the beach, one
hundred and forty feet up to the level summit of the
Premontory fronting the quaint New England town of
Mendocino” Continuing about his own visit, Lemmon

-wrote, "I shall not soon forget the trip to the so-called.

‘Plains of Mendocine’, or my surprise as the carriage

suddenly emerged from the forest of Prickle-cone Pine

and entered upon the white, much exposed barrens.
'O, see those little berry bushes!’ exclaimed Mrs,
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skeleton siems, 2nd the fire which consumes 1he thicker
opens the cones and seeds the land ebundantly for anoiher
tangle. Inthehard struggle for existence these liitle trees
fruit when a foor high. Dense tracis of them streich
monotonously away in every direction.”

Willis Linn Jepson, 100, visited the Mendocino coast,
quite probably passing over the Comptche road through
Meiburne, where the Jennvs’ ranch house is located, and
perhaps even staving avernight there. Melburne, a name
still found onthe US, Geological Survey maps, wasthan
a stage stop, post office, and hosel of sorts for rravelers,
Tepson's misjudgment of whet he saw js permaneniiy
enshrined in his Flora of California, wherein in 1508 12
recorded Cupressus govenicna (in part) as being found
in “Miriature foresis . . . on the Mendocino White Plairs,
where the alkaline [sic] soil rests on 2 sand<tone hardpen
one or two feet below the surface , , . .7

Surveyors Notes Can Help

No maier bow evocative these vérious descripiio=s
might be of ihe pvamy forest thzt we know 1082y, nons
is well enough fixed in localiiy 10 2ssess the permsnencs
in place of zny given tract of todzy's pyegmy forest. ] knew
of only one sowrce that seemed Ekely to be both descripiine
of the vegetation and relocaizbie: records of the old
cadasiral survevs which established 2 erid of township,
range, and tection for apporiionment of 1axes, The
surverors had included brief descriptions of the terrain
encountered asthe lines were run, These records now zra
housed with the Bureau of Land Manzgement (BLA).

Contemporary U.S. Geological Survey topographic
maps of the Mendocine coasial area use a symbol for
scrub thai seems 10 coincide weil with conlemporary or
historical arezs of pygmy forest. The TEPS are none 100
recent and much development has 1zken placeinsome
of the indicated areas. Using these maps as a guide, [
identified saction lines passing through such areas, planned
which section corners might be both accessible and still
relatively unaltered, and asked BLM for the appropriale
records of the early surveys.

The records ] obtained were of surveys made at various
times between 1866 and 1873, "American” society in
California was rather an “instantanecus” one fellowing
the discovery of gold in 1848 and surveyors were probably
from out of state, perhaps, like those of the coast survey,

on assignment from the cast. Not being botanists, when

in doubt they probably used terminology evocative of
vegetation they were familiar with in their own places of
erigin. There are both vague and strange plant names
among these mentioned by them,

William H. Carlton, surveying in 1866, made reference
to redwood, oak, fir, hemlock, nutmeg, pine, cedar, and
skunkwood, Isaac N. Chapman, also working in 1866,
referred 10 redwood, oak, fir {white, red, and yellow),
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hemdock, zlder, pepperwood, poison oak, lilac, pines (2o
Scotch pine), ¢edar (and swamp and white cedars), willox,
“briers,” skunkwood, and manzanita. In suivers done
a year later, he mentioned other plants, 100, including
whortleber:sy, chestaut oak, and tznbark, Thomas S.
Towle, surveving in 1868, refersed o pine, coast pine,
redwood, whortleberry, rhododendron, cak, fir, and
madrona. John M. Ingalls, working in 1869, mentioned
pine, redwood, ironwood, eak, fir, vew, huckleberry, ash,
lilz¢, and lavrel, H. Savage, working in 1873, recorded
oak, fir, redwood, hazel, salmon trush, hemlock, ceds:,
and manaznita.

Idonotmeznto imply that ail ihe plants mentioned
were found in areas of pygmy forest. At begt, these cunvev
lines only pzss into 2nd out of such areas. [nterspersed
through the descriptions are references Like “burnt openir;
of pine and whortleberry,” “Bzlance of Township ur®;
for cultivation zad therefore [ consider it unsurvevzhle
“In many places the underbrush is dense being chielly
whortleberny znd briers,” "opening or burn of small pines
end cedars,” “brush on the prairie, mznzanita and scrus
pine,” “prairie it covered with low brush and is worthless -
“leave timber 2nter prairie; timber fre helf mile redwoos
and fir; last haif mile pine and cedar,” “burnt openin;
of small pizes znd cedar” “Jznd entirely unfit for
cultivation znd destitute of timber of any velue,” Som s
of these commernts seemed clearly o refer 1o areas ¢
pramy foreq.

One can see 1hat some of the terms siill in use 1oday,
such a5 “prairie” for Nat streches of Fysmy forest rather
than of grass, go back 2 long way. One can also speculats
whether the reiterstion of the use of “ashy™ 10 descrie
the white, leached E-horizon (remember that Jepson even
called it “alkzline,” evidently mistzking the white color
for salis) might have led to 2n occasional misconception
that there had been a burn.

Jepson notes in his field book in 1903 during a visit
to the Mendocing coast, “After the 1rees come down the
area is fired 1o get rid of brush and 10ps 10 facilitate gerting
out the logs, The working practice here has always beenso®

Where Was the Logging Done?

Logging in this region began with the founding of the
town of Mendocino in 1852. Several sources bear vpon
the question of whether logging had appreciably affected
the uplands by the time of the cadastral surveys.

For some time Jogging evidently was concentrated along
the rivers and creeks, which were used 10 float logs 1o the
“doghole” ports for conveyance by coastal schooners to
the market. The Mendocino Indian Reservation, set aside
in 1856, stretched along the coast from Noyo River 1o
about one mile north of Ten Mile River and from the
Pacific Ocean infand to include the first range of hills,
Fred B. Rogers, writing in the Quarterly of the California
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Carteron Warking, fameus earty California photsz-spher, in 1862 100k thliview of the Jumber mill gad the mouth of B
he somon of Mendocins Ciry islocated. Noce 1har 8
on the uplands, TRiS wis anly three vears beflore (e cadatina! surve

10 Mendogino Bay, whe

Historical Sociery in 1981, described the general zrea of
the reservation in 1833 "Along the coast were juriing cliffs,
open teble lands, petches of scraggly pines and some
sznd dunes, but farither back, in more protected and
more favorable Jocztions, were immense virgin stands of
redwood and ather :iimbey, as vet virtvally untouched by
the operations of the two sawmills zt the village
and bay of Mendocino.” In 1867 the surviving
Native Americans were removed to Covelo. Presence
of the reservation must have inhibited logging the
uplands and no doubt contributed 10 the removal
of 1he Native Americans,

The 1863 edition of the Coast Pilot skeiches the aspect
of Point Asrena and Mendocino City from the sea, but
to the north skips rapidly to such places as Shelter Cove
zand Cape Mendocino, indicating that 1the coastal
lumbering trade did not yet involve all the “doghole” ports
that existed somewhat later.

The U.S. Coast and Geodetic Survey Annual Report
for 1872 recounts the progress made on field work in the
vicinity of Mendocino City, suggesting the rising need
for better navigational informaticn by this tme Resuming
work near Mendocino City in May, the survey party was

J0 FREMONTIA

tlopes abhnethe riner have beenlogged o, o

ne Cissussed in the taxt was made

conironted with a sireich presenting “avery

DETTOW Miarsin
leared country along the water-line, which is bordered

of ¢
by broken bluffs of moderate height, becked by heavily-

limbered ridges." Because of the denste vegelation,
ngulation of base lines proceeded wizh difficulty 2n
ne of the stations “occupied . , |, with the theodolite was
upon & tree |03 feer above the ground ... "

AW, Chase, writing in 1874 in the Overland Monihly
on "Timber Belts of the Pacific Coast," said, “Great
inroads have already been made into these mighty forests
of the coast, as ¢an be seen along she streams of
Mendocino County ., . ."

The Mendocino Lumber Company, whose mill was
at the mouth of Big River (present-day Mendocine City),
owned some 22,000 acres extending inland 1wenty-four
miles in a straight line. At the time of writing of the
History of Mendocino Couniy, Colifornia, published by
Alley, Bowen & Company, San Francisco, in 1880, the
company had cut as far inland as eighteen miles.
But see Watkins’ photograph, which shows logging
concentrated zlong the river,

All this suggests that, at the time of the cadastral
surveys, logging had not yet affected the uplands much
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peaend 172 immediate vicinity of 1he streams, Yet the large
trees the mills were afier could never have zrown on the
Loils that support pyvamy lorest.

A sererdipitous find of a Nztive American projeciile
point as ¢ were s€11ing up 1ast plots at one <ite may have
bearing ¢ the extent 10 which fire was common on these
tracis. Tr2 point lay on top of the ancient crust of lichen
covering :he soil rather than on the mineral 50il beneath,
An authority to whom I showed it caid it was probably
about 1,300 vears old from ihe aivle of workmanship. Of
caurse, it mzy have been lost &t this site by soma
intermedizis finder.

Relocating an Identifiable Old Section

Iy seem2d imeto plan a fteld eear¢h o try 1o relocat2
an old section or quarter-teciion post in a present-Zzv
site of ovgmy forest and 10 attempt to match zhe
descripticaof what the survevors had recorded 25 1hay
ran their Snewith what was there ioday An early recruit

as my dioghier-in-law, Peray S. Howard, a civil engins
now with 12 Ofce of Waier Conservation inthe Sizie’s
Depariment of Water Resources. Penny had hzd
experieri2iarslocating old corner 2osts while working
for the Division of Dam Safeiv, She in turn recruited a
cofleague L sz Akeson, znd her hushand, Mark Alkeson,
who had ;ompleted a2 docioraie in toil science from the
Universizy of California zr Davis under Goréon
Hununs.on, They were ezger 10 help the project, 2nd
Mark in iurn recruited Professer Huntington, an old
friend of Hzns, By then Hans himeell had decided 10 join
our pany.

On the fourteenth of July (969, we set forth for
Mendocino to rendezvous at Melburne. The next
maorning, our pany, including five-and-a-half-menth-
old Grakzm Akeson, set out to look for the nearest
landmark we thought we could locate fairly easily,
benchmark 543 along the Compiche Road. We hoped
to use our surveying equipment 1o take a bearing from
it and locate a nearby section or quarter-section post. A
local resident 10id us, as we were creeping around in the
bushes along the road, that a benchmark had been there
in the last couple of years, dbut though we searched
carefully, we could not find it.

What 10 do? Armed with a map provided us by the
caretaker of The Nature Conservancy property along
Comptche Road, we set as our substitute prize the section
post marking the corner of sections 33, 34, 4, and 3,

Our first attempt took us initially along a panly
overgrown old road or firebreak through pygmy forest
but then into a gully supporting vigorous forest growth
and a thick understory of huckleberry and other shrubs
that became very difficult 1o penetrate. We found some
boundary signs of Yan Damme State Park, but not the
cerner post we were secking.
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\We next iried a different approach, and headed in zlong
the casiern boundary of The Nzture Conservency
property, where there is a new enrance trail 10 the
state park. This trail muully follows the trace of
the oid Compiche Road and is rezc Iy passable. Sharp-
eved Mark, in the lead, spotied our missing corner post
Iyving on the ground 2t a fence corner in the middle of
an area of pyvamy forest.

Wie locked up [saac Chapman’s description of hissunay
linesto the north and to the scuth, converting chaiztto
feet: to the nerth, “Run in burnt opening of small pinas”
330 feet to the “trail” (the now abandoned old Compiche
Road); 1o ihe south through pycmy forest 1,530 fest to
the point wh2re Chapman recorded “leave the praiiie”
The scene mziched perfectly with Chzpman’s suggesiions
of dwarfed vegeiziion. (We did nct have the east-nzit
survey descriptions.) Thus we Kaow that this paniculzr
area of prgmy forest has existed i 2ssentially theszme
place for 123 vears.

What do we know about fire Zistory inthis aréa? Vin
Damme S:2:2 Park was founded in 1933, and chief renier
Mike Curryiold mein November 19591 that no fires m2 4
cccursed in our area since that vesr, He said, funher, 1hat
fire scars on the big trees in the canven zrea not far 2wzy
suggest a lzrze fire "that probably was regional inscoze”
at an unknown earlier date.

There is scme further anecdotz] 2vidence from oiher
sites of premy forest. A propeny owneradjacentioihe
lower third 12r-ace site at which Jenny 2ad Schuhiz Rav2
been working fixes 2 fire at some sevenly vears szriisr
based on counting rings of irees he had cut on hisown
property. Living near our wark si‘.. on Little Lake Read,
an elderly woman said that no fire had occurred in the
now forty-five vears she had ownead her propeny. Anciher
tract south of the Little River airpon was owned v
a pair of elderly sisters when Calvin McMillan, a
University of California graduate student, worked on his
doctoral project there around 1945, They said no fire had
occurred there within their mother's memory, and none
has since that time This time ling, then, would cover about
forty-seven vears plus seventy-five (their approximate 2ge)
plus, perhaps, ancther twenty for a 1otal of 142 years
without fire. (I am indebted to Arnold Schultz for
this information.)

Professors Jenny and Schuliz, not having worked
in the area of cur section corner, have no data as
10 age of trees there, but they did sample trees not
far away. The oldest recorded in their sampling is about
seventy-five 10 eighty vears (carliest growth rings are hard
to decipher), while the peak age class of individuals was
thirty-three years.

Where does all this Jeave the fire-climax 1hcory" It
would appear to need more critical examination than it
has had so far,

Alice Q. Howard, 6415 Regeni Street, Oakland, CA 93618
FREMONTIA 21
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The lowest, most recently formed, marine terrace in Mendocino Cowunty has relatively young soils, estimated 10 be about

100.000 years old. Photographs by Sylvis Duran Sharnoff, daughter of the cover photographer, and her husband

Stephen unless otherwise noved.

THE PYGMY FOREST OF MENDOCINO

by Robert E. Sholars

The Pygmy Forest

Alang the ceast of Mendocino County, California
occurs a series of marine tergaces carved Dy the sca
since the early Pleistocene. The lowest, most recently

formed terrace is occupied by coastal prairie. Subse.
qQuent terraces display a sequence of soil and VEgela.
tion development that culminates on the higher (oider)
terraces in extremely impoverished, highly g_c:q_gqgi:o_-.
lic soiis. Here grow a number of severely dwarfed,
endemic species such as Mendocino cypress (Cupres.
sus pygmeea) and Bolandc??ﬁmc (PIREIEONI0ra 35p
Dolanderil. These plants are often decades old, ver
“only one 0 two meters tail, with gnarled, lichen.
encrusied irunks, 3 few cenuimeters in diameter. This
pygmy forest has been described as being as close 1o a
final, stationary ¢cosysiem as can be found in nature,
It is the culmination of many hundreds of thousands

of years of soil-vegetation interaction.

During the Pleistocene epoch, the worldwide sea
level fel) and rose as continental glaciers formed and
melted. This Nuctvation of sea level occurred a num
ber of times. For the duration of a glacial stage, the sea
would remain at a relatively stable low level; for the
durauon of an interglacial stage the sea would remain
at a relatively high level. Ag sen levels rose, terraces or
platforms were cut into coastal bedrock, while retreat-
Ing seas covered these platforms with beach materials.

Where coastlines were gradually rising from tectonic
forces, successive periods of higher seas cur new plat-
f[orms below previously created ones, creating eleva-
tonal sequences of marine terraces. This has
happened in many places in the world, particularly in
western North America. But in most locations, the ter-
races have faulted, warped, and eroded and are no
longer distinguishable as relatively at placforms. [n
western North America, generally only the most
recently farmed terrace, called the voastat headland. is




distinguishable. In Mendicino County, however, a
fault block, extending from south to north, approxi-
mately from the Navarro River to Ten Mile River, has
been uplified without 100 much deformation. On this
block five distinct terraces still retain the relatively flat
positions in which they were sequentially formed.

Because of breaks in the continuity of terraces
caused by entrenched streams, the variable widths of
the terraces, and the varied density and height of the
vegetation, the relationships of the terraces in Mendo-
¢ino are not always obvious. Elevations of the five ter-
races range from one hundred feet for the first terrace
to six hundred and fifty feet for the fifth terrace, not
above sea level, but from the lowest buried “nickpoint™
where the terrace floor underlying the beach deposits
and the sea cliff meet 10 the similar points of the higher
terraces.

The parent graywacke rock of the inland mountains
is continuously weathered and eroded, and the numer-
ous sireams and several rivers that dissect the terraces
carry the erosional products 10 the sea, where they are
deposited by long-shore currents as beach matcerials,
sometimes twenty 1o thirty feet deep.

Terraces are dissected by numerous streams and sev-
eral rivers that flow from the mountains to the sea and
continuously erode and weather the parent graywacke
rock. Eroded fragments of rock, gravel, sand, and clay
are carried 10 the sea, and deposited by long-shore cur-
rents as beach material, where they may accumulate to
a depth of twenty Lo thinty feet.

Soils

Because 1the source of beach matenial for each ter-
race is the same Franciscan graywacke, soils on each of
the terraces are also considered 10 have developed from
similar parent material. Soil on the first, Jowest ter-
race, cut before the onset of the Wisconsin glaciation,
is estimated 10 be about 100,000 years old; soil on the
highest, oldest terrace is estimated 1o be on the order
of one million years old —an extreme age for a soil!

Many soil scientists have theorized that vegetation
has been important in development of the soils upon
which the pygmy forest grows. Pines and ericaceous
shrubs synthesize chemicals that mobilize inorganic
iron in the soil, allowing it to leach downward. In the
subsoil this released iron is thought 1o cement the
quartz grains into hardpan. The vegetation, they say.
has created the soil. Botanists, on the other hand, say
the extreme soils of the pygmy forest have produced
the dwarfed vegetation. They label the pygmy forest an
edaphig ugjl_-d‘gm;ﬁ?_%x_-’ Jenny and collcagues
say, in a third view, that both vegetation and soil
develop together, each affecting the other.

On the second terrace above the sea, as podzoliza-

tion takes place, redwood-Douglas-fir forest, typical
of the Mendicino coastal region, is pradually displaced
by a Bishop pine forest. On progressively higher and
older terraces, the third, fourth, and fifth, the podzol-
ization process becomes completed, and the terraces
support & pygmy forest.

There are two types of podzol sail enthese terraces,
Blacklock and Aborigine. Typically in Blacklock soil,
the upper layer, called an Al horizon, is one-half to
four inches deep, dark grey in color, and full of
entwined roots and organic matier, Below is a light,
bleached, sandy layer, eight 10 fifteen inches deep,
called an A2 horizon, which is underlain by a concrete-
like, iron-cemented hardpan, or B horizon, six to fif-
1een inches thick. Below, at a depth of sixty inches, is
unaltered beach deposit which rests on an impervious,
sea-cut platform or hard graywacke. Aborigine. a vari-

_ ation of the Blacklock profile has, in place of the iron-

cemented hardpan, a dense claypan conmning up 10
61 percent clay. This claypan, like thei ifon hardpan, is
an effective barrier 10 both roots and water, Other
characieristics of this soil are essentially like those of
Blacklock. These podzol soils are some of the most
acid soils known, with repened pH values between 2.8
and 4.3. They are very low in macronutrients and
micronutrients, though other habitat types, such as
coasial sand dune supporiing forests of considerable
size, fall within a similar low range of nutrients. Vege-
tative productivity decreases as the degree of acidity of
the upper soil levels in the A horizon increases. Soil
acidity has a direct effect on the availability of both
essential and non-essenbal elements in the soil. A

cidity increases, nitrogen, phosphorous tassium
calcium, magnesium, sulfur, and molybdenum
become less available. Some elements, such as iron,
mangancsc aluminum.. zinc. copper, and boron
become more soluble and, therefore, mare available o
the glam If an element is present at low TJevels and soil
acidity increases, deficiencies could be improved; if an
element is present at high levels, toxicity could result.
The extreme acidity may inhibit bacterial activity, per-
haps disrupting the availability of nitrogen (o the plant
from the nitrogen cycle. Nitrification by soil microor-
ganisms decreases as acidity increases below neutral-
ity. High leveis of aluminum may decrease nutrieal
uplake and limit plant growth and may be 3 factor in
creating a pygmy forest,

During the winter, visitors often note standing pools
of water throughout the pvgmy forest. Because ol high
rainfall and an impervious hardpan, a perched water
table oz¢urs near the surface ot the sail for many
months each winter. §n laie fall, atier the tinss winter
rains, the deeper groundwater tabie sl Begins 1o rise
and during prolonged rains it may reachi ihe haght of
the hardpan. In spring the upper perched waier @ible
gradually disappears by seenage, eyapolranspiration
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pyemy forest, Tree crowns are often gnarled and gro-
tesque from the repeated disback of terminal and lat-
eral branches, growth similar to that in other forests
found during recurrent years of severes moisture scress.
On a still, cloudless summer day, the pygmy forest cer-
tainly seems very arid. Interestingly, it has recently
been found cthat the soil of the pygmy forest does aot
become extremely dry duning the summec. Soil mois-
ture stress is actually low in the pygmy forest and does
not attain levels that significantly limit growth. In fact,
while the amount of water available during the grow-
ing season in the pygmy forest is limited, the sparse,
small-statured vegetation does not fully utilize the
water that is present.

The stunted, gnarled, and lichen-encrusted vegeta-
tion of the pygmy forest contrasts shacply with an
adjacent luxuriant regional forest of redwood
(Sequoia sempervirens), Douglas-fir (Pseudorsuga
menziesit), western hemlock (Tsuga heterophylla), and
grand fir (Abies grandis). The transition (ecotone)
from the pygmy forest to the redwood forest of large,
undwarfed trees often occurs in only thirty to one hun.
dred feet, The rapid change is quite striking, and
occurs where a level terrace of pygmy forest on Black-
lock/Aborigine podzol soils adjoins a stream canyon
of redwoed forest on the slopes, The stream canyon
provides soil drainage as well as soil renewal through
processes of geologic erosion.

Pygmy Cypress

Pygmy cypress (Cupressus pygmaea) is the species
most characteristic of the pygmy forest, and its distei-
bution coincides with the boundaries of the pygmy
forest. Like other members of its genus, and unlike
some other coniferous genera with widespread distri-
bution such as Juniperus and Pinus, pygmy cypress is
resincted o well-defined areas, appropriately termex
“arboreal islands.” Most of the population occurs
betwesn Ten Mile River and the Navarro River. These
populations are essencially restricted the Blacklock-
Abongine terrace podzolized soils. Several popula-
tions are scattered south of Point Arena, on shallow,
very acid, partially podzolized soil,

Pygmy cypress typically grows as a five to ten foot
cane-like dwarf tree on acid pozol soils, These trees
can be decades to a century old and can grow in dense
groves with as many as four trees per square meter,
While the name pygmy cypress is appropriate for spec-
imens growing oa podzol soils, it definitely is not for
specimens growing in low maoist sites on better dramned
soils. Here, in swales surrounded by typical pygmy for-
est vegeration, pygmy cypress can grow to 100 feet in
height with a diameter of three feet near the ground.
[, in fact, is the tallest of all cypress species when



Bolander's pine, an endamic species found growng in the
pyvems forest on the higher (oldest) 18eraC sometimes only

reaches one 10 1wo feet in height in fGifty yeass

growing under these conditions., Stands with large
individuals of pyemy ¢vpress are not common, but do
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pygmy cypress for it is the only cff
both for opening the serotinous cones and for creating
light gaps nourished with bare mineral substrate
needed for seed germination. The cecurrence of occa-
sional fires in the pygmy forest produces nurmerous rel-
atively even-aged stands of pygmy cypress. A striking
feature of pyEmy Cypress is its miniature size at repro-
ductive maturity. It often bears femalecones when one

one 1a 1wo fest tall and at an age of seven yeass

Other Plants in the Pygmy Forest

forest. Its distribution ally coincides with that ol

'gmy Cypress but s so 'hat more restricted. in the

gmy forest, Bolander's pine may reach one to two

Thickets of th
{

stunted cane-like trees are often even-aged, are

Bolander's pine is endamic to the Mendicine pygmy
2

fest in heigho in fifty or sixly years

of their closed-cone habit and their fire origin. Bolan-
s pine has serotinous cones which remain < osed
for many years. Large specimens of Bolan
are unusual, but when found, grow in bogg)
within the pygmy forest, usually with large forms of
pygmy cypress. Unlike pygmy <ypress, Bolander's pine
does not seem to invade the margins of the redwood
forest following fire, logging, or a similar disturbance.
Within the pygmy forest are oczasional, small bog

“

Desr fern, 2 common plant of nonh coast bogs. 21ows in the
sphagnum moss bog. Photograph by Gladys L. Smath
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where an impervious soil plan is absent and a desp
accummulation of organic material occurs. Large speci.
mens of pygmy cypress and occasionally of Bolander's
pine grow in these places. Dease hummocks of sphag-
num are present in some of the boggy areas of the
pygmy forest and absent or poorly developed in oth.
ers. Sundew {Drosera retundifolia), tinker's penny
(Hypericum anagalloides), and coast lily (Lilium
maritimum) are all common herbaceous plants,
Bunchberry (Cornus canadensis) makes its most
southerly appearance on the Pacific Coast in this habi-
tat. Beliflower (Campanula californica) has been
found here [CNPS /n ventory of Rare and Endangered
Vascular Plants of California List Two {Plants Rare
and Endangered) 1980]

A typical site in the pygmy forest has PYEmMY Cypress
and Bolander's pine, varying height from six to eight
feet, growing in profusion. Stunted specimens of
bishop pine (Pinus muricata) are frequently inter-
spersed, The most common shrubs are California
huckleberry (Vaccinium ovetum), Fort Bragg man-
zanita (Arcrostaphylos nummularia), labrador-tea
(Ledum glandulosum $5p. columbianum), salal (Gaui-
theria shallon), and California rose-bay (Rhododen.
dron macrophyllum). Trees and shrubs are all
dwarfed, many exhibit dieback symptoms and severa!
have fungus-gall infescations. Occasionally, a lone
Bishop pine as high as seventy feet towers above the
dwarfs, Hans Jenny excavated one such specimen and
found an enormous tap root that penetrated the hard-
pan and extended into the permeable deeper strata,
The low stature and openness of the pygmy fores:
allows exposurs of most of the photosynthetic surfaces
tn ful! sualight. There is twenty-five percent light pene-
traton to the ground in this pygmy forest compared
with one percent in a redwood forest and four persent
in a Bishop pine forest. As a result, pygmy forest under-
story vegetation has a very high productive efficiency,

-

Conservation

The pygmy forest has long fascinated botanists and
soil scientists. This fascination has, from the outser,
been heightened by the stunning contrast of the dimin-
utive plants in the pygmy forest with the grand gianis
of the redwood forest, often growing just meters
apan

The pyemy forest is apparently a very stable sgosys.
tem, exisling on the same sites, unchanging, for hun-
dred of thousands of vears. Ironically, even moderats
levels of pedestrian use are very damaging, The
amounts of roots, lichens, and organic material at the
surface of the soil are dramatcally reduced when peo.
ple continucusly walk through an area. Pygmy fores:
areas "preserved” at Jughandle and Van Damme Stare

Dwarf mutletos and Mungus-galls infest the slunced tress, here
seen on ¢ Bivhop pine

Parks have been severely degraded by t ng. The
pyemy forest is thought to have mair d tesell
because, onthe ¢ latively flat terrac $ Mmiuni-

ma!. Removal of the organic mat enc S erosion.
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and above bedrock), the imroduction of nuinent-rich
of Lhe
pygmy forest. Sources of these warers include sepric

waters poses 2 major 1threar 10 the vighihiny

systems, gardens and landscapes, and concentranons
of damestic animals

Once there were about 4,000 acres of pyemy forest,
In twenty-six separaie locations, Because of abwvious
water supply, and land
scaping, there was litle development and the pyamy
forest areas were relatively undisturbed for many
years. Until recently, pyemy forest destruction was
principally from government projects such as airporis
and garbage dump sites. In recent decades, however,

the combination of a significant population influx,

lack of alternate building sites, and | low cost of

pyemy forest land have resulied in the desiruction of
extensive amounts of pygmy forest lands for residen-
tial purposes. Probiems such as septic system failure,
contaminated water supplies, and failed landscap:
have, of course, resulied from building on the poorly
draining hardpan soils of the pygmy foresi. Thirteen
of the twenty-six area

as of pygmy forest have been

destroved. The other tharteen areas have oll deen
alfecicd, some mwore than otbers

The pPyEMmy forest cuosvstem. stuatied on ancent
Marine 1erraces that remain intact a1 thiy mament 1n

geological nme, provide medern man with a rare form

of natyral museum. To desiron unigue LCosvsiem
that was formed over hundreds of millemiz 10 bein two
decades by a series of manor bul cumulanve e+ 315 3
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gtions ro marvel al 1§ so lorpelv becouse of the vision,
leodership, and persisience of the distinguished soil
scientist Prof. Emeriius Hang Jenny and kis wife Jean
A forithcoming issue of Fremonua will ser forth the
story of how their dream became (odoy’s realily with

the help of many people in efforis that heve persisted

aver rwenlv-four vears. In recognition of their contri-

]

butions (0 1thes and many other conserval

1w0n batlles,
Hans and Jean were made fellows of the California

Native Plant Societv in 1981

Clading 15 & lichen only found growing in 1he sphagnum moss bog in the pygmy forest of Mendocing



