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by 
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The examination of ~ree growth in Mesa Verde 

{National Park, on which this report is based, was made June 

·"::':·i-'4 •... :·.,I~s'':P~ticUlar object was the determination of the 
>'.-,.-· •. · .. :;';.'.'.-" 

·.- ~"ause~~",·f~~ the generally unhealthy appearance of pinon and 

the re~orted dying of-young junipers. 

General Forest Conditions: The soil on the mesa is 

rather poor. · A shallow layer overlies the solid sandstone 

. which forms the main body of the mesa. The soil is sandy, 

deficient in humus and has a low water-holding capacity. The 

antire plateau is extremely poor·in watero Annual preoipita-

tion is normally small in amount, and very little of it is 

stored in the ground. There are but f€nv· springs located 'in the 
I 

deep and nar:row canyons cu tt_ing through the mesa,. and even for 
. -

hume.n use rain water is collected and stored. The. vegetat1on 

on the mesa depends for its water needs immediately upon 

preeipi tation in form _of rain and snow so that any deficiency 

in precipitation ~t make itself felt. The older trees are 

(_ 
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deeply ro~ted. in the crac·~'"· of ~he.- underlying. rock where they 
. · ;' , . ':fi.:T'i~:: .. ·· . 

fl'rid'· suffictent moisture to tide~::zth.em ·ov:er 1lllfav:orabl,~.e''::periods. 

:rne younger t_rees, on the other hand, are far more subject to 

unfaY~rable_moisture conditions Since their roots are located 

in a thin layer. of earth,. the water content of which fluctuates 

re~i.dly with rain or dry weather • 

. Pinon (Pinus ed.ulis) and juniper (mainly Juniperus 

·utah~ns:i~) are ··the character trees of ·the mesa forest growth. 

!ssoeiated with _th-~m::._are . shrubby. speci.e s, ··among ~hich. Amelanchier 
~ ,' :-;~ _: -.:.- ' --;;:,.·- . . . ' 

Fendlera are numerically prominent.· Tree ·growth. is short 

. . . d s Wln.'te , in open formation, with scanty reproduction. 

All wild plants of a given si~e and association have 

established themselves; and grow, under a set.·of conditions which 

inf'luence their life· and development. These conditions may be 

injurious and form, in t?eir totality, what may 

the nnormal complexn •. This complex ·is the-- one to· 
,.;;.<:.:·:<-~i~ \" ;:~:· 

:·,:.v'egetation is best adjusted~-, and the. adjustment 
-.:_-:;_· ... --: .. <~<·.(~ 

;•, •::{·;:--:::. ;-:;~- :-:{_ti:.:·:- -~ ' . -

in·· the: :present case, in the type of forest trees 

the Mesa Verde plateau. The result .of· the reactions 

as they are today • They make Up the normal· Complex. 

mor.e: ~nj1ll'ious factors become .intensified or when 
·:;r .::;:;~:;c;>::,;"y:;~,~~f2;i)i{~,\;;;:;LA~p~!·;;.:, 

. factor weakens .. or temporarily disappears, 

o~ adjustment is disturbed, the heal·th of the 
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· · ·- -. d end a. patho.logic_a_~,l .. condition results which trees 1s lmpa~re , . 
-· 

tnei1<:a~·hth._"~- ·_: _ 
_ -'>~f_;:!·~~:_n:·;ral Pathological Observations: Pinon in the park 

·or less heavily attacked by two needle disea-ses, both 

by species- of Rypodermella ·(tentative determination), 
~ . . 

cne. of which- causes the formation of witches' brooms. :I 

understand th~t wr~t is probably a rust fungus attacks the 
'( . . ~ 

needles severely later in the year. The insect situation, 
. . 

to the findings of the Bureau of Entomology, is not 

Porcupines have caused alarming damage, particularly 

main road on the North rim of the m·esa where fine 

unusually large pinons stand out from the wide sweep 

in striking beauty. These groups are today 

by porcupines. If the damage is permitted to 

pinons, instead ~f being a great sce_nic as_set, 

into an ugly blot on the landscape. 

The Utah juniper in the park is normally beset by 

Besides mistletoe, which is common, 

species of rust fungi (Gymnosporangium) 

one common and uDdoubtedly injurious. In fact, 

seen so heavy an infection with rust's on juni-

Gym.nos:porangium 'Qelongs to the grou:p of rust fungi that 

between conifers and other plants, in this case, 



-til., 

Serviceberry and Fend'lera. There seem to be also two species 
'-· - - . ,· . -: - .D --, '.. . .L. ' 

of Ej 11 odertua-like .L ung:t pre senll. 
- -

~:e:ct;aordinary_:infestation of mites,- especially 'on the smaller 

''·:~;;·'~d.iings,- b~t I have.no means to evaluate the damage the~ 

all these diseases of :pinon as well as of Juniper 
... •.-::._· 

to-·be more- or less evenly ·distributed within the stand, 

'0i~~;i;)7~~;~,~~~~~;~rarked difference in the condition of treeS 
~:{~-_-standing~on -~he __ edge of the cartyons and around clearings and 
_::--::_::j ... ,.· ~--'-·:-.. :~f.~~·:'--~~;---·>--~<· '-

. . '"[~ b~~ •• ';1Il :fact everywhere where they are. exposed to the free 
... ~~>~&~I~~a:::i:i:::~as::e~:i::e::e :: ::::::::~1:n f::: ::::rior 

stand-s prevailing during certain periods in the life 
·/:f~{~ .... ·_··-... _.. ··: ~: 

Ji'istory of the parasitic fungi .creates particularly favorable 
··-~;~;~~;:.i. ~;. -.. -... -·· . 
·-onditions for infection of the trees • 

. Special Findings: --- · 

_.None of the injurious factors mentioned apove appear 

present in such numbers or in such int~nsity that they 

d~ally or collectively could be made responsible for the 

heavy browning of the needles, which is mostly 

to the older needles. It is rathe~_fuy impression· 

addition to the various needles- diseases, certain 

conditions, ·<'in particular water deficiency, are 

-4-·' 
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-.. -: '·~ ., l 1· · ··b1 e ·rrhe root system, wbi~h is no lon.D"er _, .-;~,: arge y re s:p onsl. - • - v ""4:::> 

f;~ro:!idea. with the full' amount of water needed, is reduced and 
,__, - .... - -·- . . 
'the tree:··:end.eavors to restore the balance between roots and 

.. · __ ; __ --

tolia~~~by·'';~lfminating·~the least useful older needles. It is 
- . - -~~. : :.- . ' 

- . 

a form of what I call retrenchment, an adjustment to a changed 
: . ' -. ~- .... ._;· 

-···If my view is correct, the pinons should recover 

~h~n the pendulum swings back to more normal w~ter relation-

_It ·is, _of course, possible that the ru~t fungus which 

to appear later in a very heavy infection may be _of 

greater importance than can now be ascertained.· Such a fungus 

_{probably a Coleosporium) is, ho~ever, part of the normal 

complex. It is surely not introduced from the outside. While 

this type do fluctuate in intensity under the influ-

~nee of varying weather conditions it is improbable that they 

should appear in the form-of an overwhelming epidemic= Since 

fungi,_ such as ~Hypodermella and the 
. . - . 

show up·._more .Prominently-later in ·the 

it seems advisable to make another examination ~n the 

From the scantiness of reproduction of pinon it may 

inferred th~_t young. seedlings. often ,have difficul:ty. in 

It appears tlia:t frost heaving, which 
~ . ,· ,; 

very pronounced, is one of the _important inhibitive factors. 

also· a 'gre~at number of young plants die in earliest 

._... .. -- :> ' 
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yo~:th fr~~m. a lack of water, before the young roots can re __ ~_ch 

down into:,; end e~tablish, -~emE?elves in, the soil. 

Junipers: JDniper-::_,reproducti on is·, -·an the- whole, a little 
-_:, 

richer:~ th~ _that of pinon. There is no doubt that very' many 

seedlings-from 6 inches to 3 or 4 feet in-height give the 

a:p:pea~ance_ of be_i~g dead. The juniper seedlings stand out sear 
--and yellOW a~ leaVEf an unpleasant impression- Of -ugliness- along 

~::~~;- ~e _road-s and tra-ils • 
.·:~--.;_'?[~ 

Closer examination shows that the great 

-:-~;,I;,~~- _majority ts not really dead. The upper part of· the main stem 

_;·~~ end the yellow b.ranc~es and twigs are undoubtedly dead and dry, 
.,~-~-~~~-

--~~--~, but not orily is the larger :part of the stem still alive, but--

---- ~: at- the base there are generally young shoots coming out, 
--~:~~:~. 

-'- proving definitely.that there is life in the plants. The lower 
'~-~21f: 

· young··:shoots and unfolding buds are vigorous. - They become 
}, ;f:s_ · -· · -

''··- weaker the higher up t~ey are located on the stem. 

L#;' .. ,,_~~~{~~o (look upon as a form of 2~tren:bment, 
form-different :tro.m .~hAt.·.in the pinons •. -

••• ~ ;>_ • _:: .• :--, 

f'rom·-"i ts fu~ctioning _body. as much. or' the :-top­

balance with t~e r~--~-t system_ 

Retrenc:P..men t _is not confined 

The >older junipers· in Mesa Verde generally· 

lla~~~!~v~:.il~~~j,T .o~e·· ~r more·· of ·:hichm8Y_oe en/~rely 
elimina:t~d.">:~ Th~se dead. stems are not" _killed 'by any direct 

... ·.··. ;' -•:;ii~~:_f~.;t~i~J:'f8j~\>~- :::"{.-i"_l:t,:~:~_7'P . . .::,_ . :' - :: .- _ , _ -·. _ 
· _ attaok:~,ot:, _i'ungi ~:or insects, -and it ··is highly improbable that 

..•• ,,.,-_,,g-.,-. _- __ - · ·: .,,;,,W~~~r';f:'_-,,;;,"/.:{:~~·,~~ _ :·,~ g~,:~~%;-:~: ·? ·· . ~:.:i: · - --- .. - - · - . 
_,"~--,-----·------_the· arasi tic .. fuilgt -described above should have been the cause 

. . ·.. . . . .: - ,S .. :~~:-'}>~J!:.::,~;:~'~::l_~ ~-;~:~-; "- . . 
'.:: ·- ,_ :.~~-·~ . . -... ,":: 
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-" $ .c''~-+~:_c __ of the death of just these stems and not of oth-ers equally · 
"'·. 

0, 
-~ . ' 

:heavily- -inf~c_ted •. -· It se~ms far .~lore~ :P.I'ob~ble that. this· dying. 

auCil·s~ems. is. but another forrri" of retrenchment. 
- -. - .. .. ~ - ·. . . 

Climatological History: If_wa~er deficienci lies at 
- . '·. /"1./ 

of the undoubtedly abnormal browning of :pinon needles 

of the die~ back of·· young junipers the :proof sh?uld be 

~found in the water history of Mesa Verde. Uni"ortunately, the~ 
. ~ ~ 

·:pr~cipitatio~ reco rcts ·of Mesa Verde have been kept, .uni"nterrupt-

edly;- i'or ·aniy seven·_ years •.. This period is too short. for the 
. -~. - ~--

; estab.lisbment of ·fairly reiiab.ie·_ave~ages. A comparison with 

·the. weather records· of Durango, a ·station at no great distance 

from Mesa Verde, shows differences in actual amounts .of :pre-

cipitation but at the same ~ime a ~arallelism in general 

strengthens the average computed from the Mesa 

The average ·annual precipitation -seems to lie 

.·.-;,~··.;>~'somewhere near .18 inches, an 'amount which is perilously._close· 

to ·the lower limit·. of water supply for tree growth on soils 

water retention. Meager snowfall in winter provides 

but ·a scanty storage. Much of the annual precipitation ·is 

of torrential rains in sUmmer, with consequent heavy 

ru.n.::.off' ~d-high evaporation due to the excessive heat. The 

f_ollowing table· .shows the total annual precipitation for the 

records exist: 



'· 

_- ' - ~i:'. 

·..:.· 

1924 

1925 

1926 

192.7 

l928 

1929 

1930 

·Average 

--

19.23tt 

ia .37 ~ of 1924 more ihan half, 10. 56rt t _ fell in three 

The relatively high figure of 20.97 !' for 1926 is -

the excessive rains of April w~ th 7 .31". Five 

·months had less than an inch and of 'the remaining months only 

July, rose above 2n rainfall. For all practical purposes 

year must be classified as dry in spite of the high _total 

~=,;;~-~o! 20.9'71'. In 1927 more ·than one-hal:f of the year's preci:pita-

_·:. tion fell in three months, the rest of' the months being very dry. 

;I~?:f~ 1;~; t~;:1lighest precipitation in any one month was 2.80 11 , 

·. ·:·:~;:;;~.r~,~~;··;(t,'f:·~:,:,;_':~;:r:~--\k~{·.(/.~?> _ .. " • ~ • .t., · - · . . 

'i;'·i}<'.~~. ~t)''1e.~ t 0. 03 , and ~n s u mon uns the amount was less than 

. :ttf.~~;;~~~;}~n 1929 more than one-haU of the total preoipi ta­

t·.)'tion'ft)~i~ll~year fell in three summer months, all the rest 

(;':f''o-t th~_:;f~;,~·~~~ing extremely dry' so that this year, although 
:-~~:-·.:x: :~.,;~~3~·~~t~:~~!;:·.: :--~-:~~;:! ·;~:~\,-·; ~ 

up to normal, was in reality a relatively 
--~:· ·.:-.::-~···*~: ~·.,.·,- -~t;_:~-:.:: .:-;;;_ ::~·. _,._ 
>;;:•'""<-:_:.~~--~/' --, 

; ..... . : '>-

one:.·<. 
:;,::,:;-> :=·:n--.. 

.. 

·rt is obvious that the totals of precipitation for 

cannot be used as a gauge of' water supply for 



. "· 

·-

\ . 

..t.. .t.• 
~.t::.ge lla ul. on • A closer· analysis" is needed. For th~:s:, purpose a 

was ~lrawn up, in the form of a. profit- :_and loss 
~- . .:..-'.· ~ ' ·,-:v • 

count on a m.o.nthly· basis (see the· attached chart·. ) The chart 

the years 1928, 1929, 1930 and the first four months of 
:-··- .,_._. --

.. ·i9Sl. Since any adverse or beneficial effects of years previous 
>···) 

to ·this period are now most likely masked, as far. as the purposes 
, __ . -._;:;--.··., 

.. ·- ~-,.,.:-: ;.' . ' ~~:-.:~-;~:--~· ~ 

·< _ _;·;-2:;-::p:r-<tb.~~"':present exru;nination are concerned, it seemed more 
-. . -:. -.... ~-/ ~-- ' ~. . ·;_~ -:>~;,:·.~~ 

~- ---~--~ -_.-:_.;;_-:: • -' 0 ·- .,. ·.·- • 

\~!;Profi t~~]l-jc:to confine the analysis to these more recent three 

-._·:~:~:;~,~;,a··· quarter. ye~rs. 
-- ·. ":f{. 

·.-···.. . ·• 

The heavy black line gives the average monthly 
---~ ... ,_· .. 

precipitation in inches. The black broken line represents the 

monthly precipitation. The comparison of the two lines 

brings out strongly the ~l~mer drought o~ 1928; the early 

drought of 1929, the torrential rains of mid.summer 1929, 

<'~ •• the fall and early winter drought of the _same year, the spring 
;i..:. 

drought of 1930, the heavy rains of July and the fall and 
·~--· :··· ;.;·.·>···-~_,··: .:\: ·;~_;·;r,.. .. ~:..:~ -· .. . ;:-: .... :." . . 

':. ~: :--;::,.~_- .. -;:_>:;_):-,~~~~~~~:~~:r:.::~~ .. -~~_"- ... ~\~, .. :-::· .-. -~-:- ·-_~; _;_;-·.·: _:-~- .. ~ ·,-- .. --.-~-.- . '.'. 0 

: ,;,,,(:'A'S~~~\inro,ught of the same year. 

. :c,,;;'il "~t~~,~~t:;':'i~~n, this analysis does not tell the whole story. 
;;: ,);•i: .. -' 'i:er)~~'::'t::;v_~:~,". . 

1~.·:·'L,;\!4.~!1,>.the monthly excesses and deficiencies, in relation to the 
~ -_;_~;~~;~; --:~~-~-~:K~ttEt~j: · ,.-~i~·~-:-;.\~-~;~::·--- - -:~~ 

.. ~yer~e ·molllthly amounts, are plotted c-umulatively a truer 
-~~:;:··.<,~-:... 

r!1~tio_~~fl-ip becomes a:pparen t. 
··- .. · .-·;;-:."'_,..·-·=: ..... -

The cumulative excesses and 

. de.ticienci~;;,/~e shown in the solid red_ lines, ·individually 
. -~ ' .., ., . ~-

:_f~:r 19"'28,,.::-ro~. ~929 ·.~d for the per~od 1930 to April 1931, and 
'(<' •'<:_{ 

'7 ~ . ; 

i11ustrat~. f.EU: more strikingly how· the plant world fared in 
... 

. --'=~~~:'J··. . l.~·-. -: -~:.:,.:; 
_.::~~;·:,~)-- :-(> ·_. _;.)~:-? 

~ • • -~:r·- .- -~·::?/ ...-; -<:;r.~-
---·-: '- 2,. ' -~f.···: 

\ :-<·.;.-.' ·:<~- --~-- _:;/;;:~ ' 

.-9-
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\: its water· budget during these .incliv~dual year!S· This profit 

' . 

. -and l~ss:account is finally carried on from 19?~; in the broken 

red_ line, tbT-ough ~o April 1931, showing a final deficit of 8 
• . • ~-- • c. . .•.• _. • 

inches ~or 3-i/4 years~ 
This red. line needs further interpretation. ···What we · · 

axe interested in is the probable after-effec·t of rainfall on 

vegetation. . The loss from run-off in torrential rains is very 

heavy. Con~e_quently the_ large ·amount~-- .that fell in July, 

Augu
4

st and. Septembe:r: 1929. and. :ln July 1930 must be correspond­

ingly discounte.d. · . F~thermore: even the residue. of these 

heavy rains, after deduction for run-off, is not fully available 

for ~lant life on accou_nt of the excessive evaporation taking 

place during the very hot and dry summers of Mesa Verde. 

In accordance with these considerations an attempt 

was made· to interpret the red ·line of cumulative exce.sses 
.· -· ·. .. . 

end deficiencies, with. _regard to ·the pro:t)able ,_after~e.ffect ·on.-
. . ; :-.··' 

plant life (green lineJ. · }:Ieavy summer rains are· more or -less 
. . " -~ ·.;. . .... _.: ... 

arbitrarily t . but .cons~rv~.ti v~ly' .. dis co~ted;, '. sio·; .; ~nd· pene-

trating. rains in the cool and cold mhnt~s ar'e given higher 

values. The result is a loss.· of nearly lOinches in·3 J/4 

years~· In ·a region __ .where_ the average annual :precip_itation 

_ .... 

discounted, this loss ~is- surely a heavy one. The deficiency 

has gone throu.gh 3 1]4 y-ears and is cumulative in its 

' 
physiological effects. 



:\· ., 

It is obviou~ that run-of:f.;L~nd ~urnmer _eva:p·oration 
' ~:.. ·; 

are not ·the. o.,.;ly m·-~d.ifying factors in~:·~ge. esta'bfishmen.t of a 

' '~~--· ·· .. true·= wa~~r budget·. Ev-~~:P~ra tion goes on through a l~rge. J?5U'-t 
-,_:- .. - ~{ . . ... - ,,.· 

~> of -~he year, and a considerable :portion of the water is 

utii·{~-e~.:·b; the ground cover. Wind velocities, atrnospheri·o 

humidity_ a.rid temperature are imp<?rtant factors. in· the equation. 

The aetU.S:f····~elationshi:ps could be worked out only on the bas is 

of lo!lg~t~rm.'and intricate observations without promi;ing, in 
.. -~··· ~~ :-· .. :-~·· •. ~. -- .. 

. -

~he_ l~~ rJ.ri,_.,,more .illuminatin§; results than the analysis 

illustrated above·. In Mesa Verde the case is particularly 

simplified by the fact that there is practically no water 

storage in the shallow and highly permeable soil. 

To judge from the .ty:pe of injury and general appear-
·-

ance of the trees and from the weather history.! feel confident 

- that in the end the main trouble as it appeared at the time' 

of the examination can be traced to the unfavorable climatic 

conditions of recant years, low precipitation and poor 

seasonable distribution and that the reSumption of normal 

weather conditions will bring recuperation of tree growth, 

provided .that the plants do not again suffer too severely 

from excessively dry periods and provided that the summer 

months bring adequate moisture. It is obvious that many 

weaker i~dividuals have already dropped out definitely and 

that a very great number· of trees now stand on the verge of 

:j 
J 

1 

l 
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death if the downward tr:end of the already submarginal wate1: 

supply continues.·- .• 

Recommendations: No actual control work is nece~sary 

or advisable. The dead tops of· the junipers should be p~ed · 

off with :pruning shears along roads and trails for the double·. 

purpose of eliminating an ugly feature ~~d to give the :plants 

a chance for recovery. The guiding principle should be to 
.. 

cut down ·to the vigorous young shoots. The weaker buds and 

shoo.ts which appear a little higher up on the stem. only take 

water and food from the stronger ones. The method will give 

the individual :plant a chance to concentrate on the more 

vigorous buds and shoots. This work should be done with 

discrimination and eare. It lS not necessary to burn the offal .. 

This procedure is, however, not recommended for the 

larger trees in which whole stems and limbs have died. Wnat 

is ugly .in. a considerable number of small :plants becomes 

pict~·esq1ie i~···large si>ecimen5._ The elimination of such limbs 

or_' ~-tems 'is recorm:D,ended only wherever they may occur in too 
' .• ···:- .,_, 

g~eat· a number near roads and· trails. 

c In the pinons no control work is n~cessary e,xcept 
~ . /< 

here ·a.~a.- th.ere.. ·for in~ects, ·where necessary, and for esthetic 
• ·.' ;-~--- ··:..:;:; .. ·=·r; --;~··· .":_.... -~ -~. . ; ; 

reasons•:>:::··The trees should revive with the resumption of more 

favor8.~1;"~~~'{~tlire conditions. 

·,, ,. . ~. 

'·,;.·· 
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