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L i 111 b R u s t 0 J 111 age toP i n e 

IN1R ODUCTI O~ 

Limb :-ust i" a pne-kiIUr,g disease in the western United States and southward to Guatemala. It was 
first rec0i:,1J1lzed as a E:erious problem in 1913, when Hedgcock (8)1 reponed it to be the most destructive 
rust of westen, ;>ines. In view of the later discovery of white pine blister rust in the West, Hedgcock's 
statement caLn, ,; no\',' st;)nd. Howcvcr, Ii mh n:st remains the most d",structive rust attacking ponderosa 
and Jeffrey pille" throughoc;t ;L'')st of their gl?oi:,rraphic liistribulions. These pine species are extremely 
imponant for til~-J,)l.'r, wate:-s)-,ed, and aesthetic values. 

Mielke In ! 'iS2 revie\\'(.-d and grearly cxe,'Dded our knowledge of limb rust of ponderosa pine (11). The 
present p<i per jO' :1 further revicw and extension of knowledge, presenting additional host, geographic, and 
bjologjc~l (bta b;lscd on ~cveral years' obsen'atiolls. Included, too, are results [rom a s;}mpling in 1965 
of limb rust in Bryce Car;yon National Park, aEd comparisons witl; d:na taken in 1935 irom the same 
transect. 

EFFECTS ON PINES 

Unlike other pine rusts, limb rust is a systemic _di_sease:_infection Lan spread throughout a tree 
rather than nelJ1g restricteULoctciiIiKer orga11.'TllePrincipal symptom, at least for old infections, is the 
pattern of1:)r;anctdeaLh -(fig:l) ~"-Surrourl(:ling a zone of dead branches that have lost their needles and n~igs 
are branches more recently killed that bear red-brown or gray needles. Live branches bearing spore sacs 
of one of the causal fungi (fig. 2) can usually be found near the zone (or zones) of recently killed limbs. 

There is only one final effect of limb rust on pine: death of infected trees. ~o way is known to stop 
the kilUng process O:1ce the f.l!E,JQIs grows into the bole from the branch originally infecte'a- (16). Death 
njJpearsto-resutrtrom~s oIphotosynthei{ciissue-imd from energy demands of the fungus. Mielke (~) 
estimated that death comes after loss of about 80 to 90 percent of the crown, T:.1easured linearly along the 
bole (fig. 3). This loss is very slow because linear spread proceeds at the slow rate of about l~S)eet per 
!.'~~r, or half that in each direction. ---

Many trees die from secondary effects before 8D percent of the nvigs are killed by the fungus. The 
principal secondary effect is loss of rust-weakened pines to attack by bark beetles (~, ~). 

Height and diameter growth rates of infected trees become negligible after about 50 percent of their 
crowns are dead (~). Thus, appreciable wood is lost long before the rust kills trees. 

PINE SPECIES ATTACKED 

, Unlike the gall, canker, and cone rusts of hard pines, each of which attacks pine species in several 
taxonomic groups, limb rust appears to be restricted to species that are usually placed in a single group-­
Ponderosae. The known hosts are ponderosa pine (pinus ponderosa) including its southern variety, Arizona 
pine (P. ponderosa var. arizonica), Jeffrey pine (P. jeffreyi), Apache pine (P. engelmannii), and ocote 
blanco- or pino d~ montezuma (P. monLczUll1;le). -There arc also unconfirl11ed H'POrtS from Mexico of 
infection ill other "p('cies ,,[ the group; for in;GlJ1cc, pino amnrillo (~. cooperi) in tile SlLIte of Duranf,T(}. 

1 Underlined nwnbers in parentheses refer to Literature Cited, pp. 9-10. 



Figure 1. --Symptoms of limb 
rust infection in mid-crown 
typically include a zone of 
dead, lea£ess branches. 
Above and below this zone 
are recently killed branch­
es that retain discolored 
needles Lllld thcn br;:mches 
that are still living. 

1'\0 intensive outbreaJ~s of limb rust have been found in species other than ponderosa and Jeffrey pines. 
The west coast form (var. ponderosa) of ponderosa is seldom attacked, but the Rocky Mountain form (var. 
scopulorum) suffers more from limb rust than any other pine. 

CA USA L FUNGI 

Several related rust fungi cause limb rust. All of .them are in or are apparently derived from the 
species group called Cronartium coleosporioides. Two distinctly diffe.rent, forms of this group, 
Peridermium stalactiforme and Pcridermium filamentosum, are associated with limb rust on pine. 

~. stalactiforme causes limb rust of Jeffrey pines in Califoinio\l and western Nevada. Its alternate 
hosts are Indian paintbrushes (Castillcja) and related plants. Infection of pine results only from spores 
that are produccd on these alternate hosts. P. stalactiforme caur:;es cankers rather than limb rust on most 
pine species that it infects; hence "limb rust" dcsignates a kind of disease or symptom, not a distinct group 
of funbri. 

P. filamentoslJm consists of at least three races in the United Statcs and probably others in Mexico. 
Olle r'::ce alternates to Indian paintbrushes, thereby resembling P. stalactiformc in life cycle (but not in 
appearance). It is common in the Rocky Mountains and thc Southwest. Alternate hosts are unknown 
for the other two races. One of them attacks ponderosa pine in Utah and adjacent States; the other is on 
Jeffrey pine throughout most of that trec's distribution. Spores of these races are believed to carry 
infection directly from pine to pine. 
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Figure 2. - - Lirrill rust fUEgi p::-oduce white aecia containing orange spores on nvigs 
l:eal- tb,: zone of :;';illed branches. This is Peridermium filamentosum. The 
Gccia of P. stalactiforme a::-e broader and s]jtlrter. 

PATTERl\'S OF INFECTION 

Peridermium stalactiforme in the Sierra l'\evacla usually occurs in immature pines in concentrated 
infection centers. often near lakes or streams. and often in obvious relationship to the presence of its 
alternate hosts. M,ost infections to be found now are low in the tree crowns. 

Peridermium filame::J.tosum in the Sierra Nev<ida and in_ southern Utah is found mostly in scattered 
mature ~1:u're pInes. OccasioliaTconcenfratlOriS o{fairly high percentage'infection oocur without 
apparenrrcfen::rrcrn:o-topoV-aphy. Low-, mid-, and top-crown infections are about equally commOi1~' 

Limb n;st in the Rocky Mountains and the Southwest does not fall neatly into either of the foregoing 
patterns of ir,fection, at lc;ast in part because it is caused by mixed populations of nvo races of ~. filamen­
tosum. KnowI' outbreaks in very young pines. for instance in the Black Hills Kational Forest and Grand 
Canyon Nation~il Park, are caused by the race that alternates to Indian paintbrush. Infections in older 
ponderosa piI;cs are caused both by this host-alternating race and a race that does not infect paintbrush. 
In some areas. the lack of rust in young trees is due to the long interval since conditions favored infection, 
not to resistance to the causal fungus in young trees. 

DISTRIBUTION 

Li!llb rust occurs in the Rocky Mountains and Sierra Madre Occidentale from western South Dakota 
and northeastern Utah southw;;.rt!.,tl:rough Colorado, New Mexico, and Arizona to Chihuahua (5, 7,11,13, 
12. ~)., It is found in the Sierra r-.:evada. southern Coast Ranges. and Sierra de San Pedro M:3.rtirfrom 
Plumas County, California, to northern B3ja California (20, and author's reco:maissance). It has also 
been recorded in Guatemala (~). -
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\\'iILln lili" , ',!~'-' il'iTii"r:>', n.:ntlTs ,.! illf('l'tiol' hI' IiI1lh rust klVe hecn observed in most of the: l\:;lliona] 
Forl',-;ts wilen' tll",'<.' drc !)"nder<lSd or jdJ'n'\' pillt'S, but distrihution of the disease is not continuous. In­
rccli()ll ,'('nil']"." II;;\'( i'('l'n nilscrvcd :IS !()il(lW":, III Ihe BLICK Hills :Jnd Medicine Bow J\;]tinn;]1 Forests in 
\\'v"!llinF: in till' I{()(),,,,'v,'lt, 1\1':lp,lilo, Pih', S:II' I::,':,cl, Hio Grande, S:1Jl Juan, and Uncomj1ohgre N:nional 
Fort'slS :111(1 Rlll'k\' hl"UIII:1i1l N:lli')ll:i1 P:ll'K ill (:0;<11',1'\0; in I ill' Asllic)', FisbJ.1kc, f'..1anti-L:JS;l! (i>ntil p[lrts), 
:lDd Dixie (all divisions) N::nional Forests and Bryce Canyon ]\;olional Park in Utah; in all 12 National Forests 
and on both rilT,S of Grand Canyon ]\;ctional Park in New l\'icxico and Arizona; in ponderosa pine stands of 
the Charleswn Division dnd in Jeffrey pine stands of the Mono Division of the Toiyabe National Forest in 
Ne\,[lda; in Jeffrey pine sL:lJlds in the Plumas National Forest and the I J National Forests south of it as well 
as iii Kings Canyon and Sequoia National Parks in California: and in the Parque National Sierra de San Pedro 
Manir in Baja California, 

i\]lil()ugil IlleH' ':lrC sL'vcr:;] ,'llll'1' rllsts of pilll' lrullb-; :11)(1 hr:llic:llcs ill C[lSlern North Amcricu, Euro/1e, 
8nd ASi8, limb rust has nne he en reported in these rei;,'ions, 

REPORTED DA:-\,lAGE 

Concern expressed by forest managers in southern Colo:;-ado prompted Hedgcock's studies and early 
reports of limb rust (2, £,). He found the disease to be abund:1Dt, long-established, and destructive in the 
San Juan Nationol Foresl. G8rrctt's llDservations in 1920 (5) revculed a destructive outbreak of long 
standing in what is now Bryce Canyon Nation .. i! Park. 

Subsequent records did no;: reflect serious concern by land managers about limb rust until W. Drew 
Chick made a survey at Bryce Canyon in 1935, as reported by ;V;ielke (J 1). Chick concluded that limb rust 
and dwarfmi st1ctoe were c:wsing the most serious damage to ponderosapine in the Park, One speculation 
in his file re;)ort is of particular interest: "If rust and the l3lack Hills beetle should work in association 
(there is little present inci cation in the stand), the results are Hkdy to reach di sastrous proportions." 

Dur;ng the 1940's, forest managers began to seek advice regarding limb rust problems in Arizona, 
Ke\': Mexico, and the Di);je ;\;ational Forest in Utah: prime mature and large overrnature pines were being 
lost to the dise8:;e. In ;'esponse, Mielke summarized available information on limb rust in a report 
distributed in 194-4 to Na:wnal FOTests in the Southwest. He recommended that rust infection he considered 
a major factor in selection of trees for harvest. He pointed out that a drastic job of selective cutting would 
he needed on the Powell (now included in the Dixie) National Forest because the number of infected mature 
trees was so large. MaDagement guidelines for this Forest ;It that rime .:alled for a 50-year cutting cycle, 
which was too long an interval if infected trees were to be saivaged withllut st'rinus losses. Mielke lute]" 
reported that abollt 11 peTcent of pines ,3.6 inches d. b. h. or larger were infected by limb rust i~ one area 
Oil Ihis F .. rt.,st :Ind thot tlie: perce:llt~ges were much higher in selected plots (11). Damage was concentrated 
1;1 trees 12 inches d. b. h. and larger. -

In the Southwest generally, where infection levels are lower than those on the Dixie, the prospect of 
losses frolll Ii mb rust didn't appear .100 serious. In the supposedly hard -hit Apache National Forest, F. G. 
H<lwksworth in 1 <J.'i] found th<lt symptoms like those of limb rust were prohahly relat~d to drought and 
insects rather tli<lll to rust; rust trees occurred at the low rate of five or fewer per hundred acres (17). 
Infection at this level or at the higher levels found in some districts could be handled almost without loss 
by the "improvement selection system" combined with short (not over 20-year) cut'ring intervals that had 
been recommended by Pl'arson (!.D. 

Jlllhl' Sicl'!';! Nl'v;I<i.I, the limb rlJst prohicill bt'C~Ill(' ;lpP;lrcnt Oil the Invo N:Jtional Forest in 194R, 
W:lgelll'r provided ill[t>rlll:~,ti()11 tIlL' fo]lowi lJg vear that was used as :1 11.1 si s for a rrngram of sa Ivage loggi ng 
for infected ]effl-l'Y pilles:' lly litis IIW:IIIS, ;IS ill p"lltll'ros:1 pill<' sl.:II.t!s ill lilt' S"lJtIIWt'S(, illl'it/(·II(,(' of lillliJ 
rllsl 1i:]1-< IWt'1l I-<Ic:lt:ily rl'dilCed ill Illall:Jged st~lld::;. Additwnal centers of heavy infection are being found, 
hlJl tht: ]ll'n:t'1l1.:1ge of trees infected appears I,)w over broad are3S ('!:' and author's reconnaissance). 

2 Memoranduln I F to nyo 'orest Supervisor d;]ted June 3, 1949. 
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lilt' SL'riOllS L'!lIICL'lltr~llitlIlS ,,' lililb rust c1~lIlwge tl1:l1 rem:Jin lod:I\' 
SII('I1 illlvClinll cCillers :ll"l' [(>lInd in Rocky Mourll:Jin :"aillll:;): 

I':,,: '''':1]" FSlc;; I';,rk. \--:olor;).I'J: 1lC';' r :,"\'LT:,J 1J,:Jin points of Dn Llel i"il on both rims of Grand C;)il\,.1l1 
j\J"i"'i1:11 :"/i'}:: il; :':,111 .I:"lllln Wild /\I'l':' "I Iii.' ~;:"i 1: .. rll:Jniill<l N:1IJ()nal I'"rl'st; in Big Pines R<.:crcMi()1l J\rl'a 
ol"",:~l'iL'~, :,,:01 inlla! h']'l's!; :Ill': ill ;\1;'11111,,,11, H('CTt':I!IOIl J\ren ()f I ill' Ill)," National Forcst, Pr()iJahly 
11,. ;.'ri!lIIS is II,,' .1I11:'rl':d: ill Iin'L'l' l:nll\",)11 i"::llitlll:1i 1'''I'k, wlj('rl' lillil, rllsl is COllllllllJ1 Dloll): ;11 11':lsl H() 

PL', lli ()[ tIle C.!11\"\",n rilll. 

BRYCE CANYON SURVEY 

M()st reports of limb rust clami\ge have becn based on general ol)sE'rvation. To provide more exact 
d;"ta 011 iliCidenC(; of limb rust and ,)tlk'r [1Tohlcms in D higil-v:lluc reC]'C:Jtion area. especially on the relation 
oJ limb t'i1O'1: I" [rce size ;md to b:lrk hc('rk :Jlt:.lck, p:Jrr or w. D. Chkk's 19:~5 SUTVCY line ill Bryce C:JIl~'on 
National Park \\':.lo re-run in 1965by >,e::-stlllncl of the Notional Park SeY",ice and the Forest Service. 

t'nior;:c;:J;Jcc;y. t:,C i93:=i and J91'-,) tr;.rsccts were not eX2.ctly comparable. They probably failed to 

coincide hy se'l'er.11 yards along ;,JUt,: of tlicH kngths, and the 1965 survey was run for only":. 0 miles as 
compare::i to 12,6 miles covered by Chick's survey. However. the 1965 survey included !T.uch more than 
half of t:1C ponderosa pine included in Chick's survey, the southern part of willer. ran mostly through fir and 
Douglas-fir stands. 

T!lC transect belr W3S 66 feet wide :.lnd extended from a point on the canyon rim ahl111t 1 mile no1'th­
northeast of F~Jlryjand ",iewpoilit southwaru and s,Juthwestward to the junction of the Ir.spiration Point and 
Paria Vi ew roads. The northern 2.1 miles of the 1965 sample run east of the main Park road through pine 
stands in which relativeiy little pest control work has been done during the past 30 years. The adjoining­
southern 1.9 miles lie ;;',ostly west oi the main road. In this are::., inter:sive control work was directed 
agiJinst d\\'ar!'n~istletoe ::r,cl burk h~~l:CS GLl)":ng the 1950'5. Ccmtrol measures included the use of pruning, 
silvicides, and insecticides. Some lirr:b rClst infected trees if, this area were heavily pruned. 

Both the 1935 and 1965 surveys usee! somewhat subjective standards to categorize limb rust infectiOl:s, 
"Early infection" indicates that iirr.b rust was present but that only one or two primary branches oi the tree 
had been killed; "intermedi atei:ifection " j ndicates that several braTiches or a small, group of branches had 
been killed; "advancec infection" indicates that a large section of the crown was dead: and "near-lethal" 
indicates that more than 80 percent of the crown was rust-killed and the tree was likely to die within 2 years. 

The 1965 surveyors probably were more conservative inasmuch "IS they were required to see sport' 
sa cs of the causal fWlgUS before rating a tree a s rusted. Chick's fi le report indi cates that such was ;Jot 
required in 19.15, but only that it was "often possible" to see spore sacs. Apparently all sDike-topped trees 
were judged as rusted by the 1935 surveyors. This probably accounts for one or two percentage points' 
difference between the results in these surveys. 

Pines smaller than 6 inches d.b.h. were not included in Chick's survey. These were found to be 
completely free of limb rust in the 1965 sample although occasional infections on small trees were observed 
outside the transect. 

From table I it appears probable that limb rust is somewhat less common now in the northern parr of 
the Park than it was throughout the Park in 1935. Judging from this difference plus the observed similarity 
of limb rust infection in thc northern and southcrn parts of the Park (in spite of the different elevations and 
different IX'l"lTIlI:<II':cs of poncieros;l pine in thl' st:.lncis), it seems likely that there has been an overall 
d('crc;l:>t' in !hl' pl']'ccnl;l,l:e of rlJ:>ll'd pines dUJ"ing lhl' PiIS! 3() yea rs. 

This Illli:llivc dl'crl':lsc is ill line willi the rl'laliv(' shift ,1W;lY from "enrly infections" and toward "ad­
vanced infections": il iJppc:Jrs lhal many infected trees !:;.lve dicd during the 30 years hut that infection has, 
not kept pace. Most of today's "iJdvanced infections" Drc "early," "intermediate," or even "advanced" 
infections of :30 years <Jgo, judging from Mielke's data Ul) on &>Towth ntcs and from the one photographiC 
series that gocs back that fDr. Three photographs of one tree taken in 1935, 1947, and 1959 W show that a 
pine with 30 percent of its crown killed (an "advanced" infection) can still be alive 24 years later. 11tis tree 
is shown in a photograph taken in 1948 (fig. 1). 
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i ,d,; i. -~~l:l;~;~~~_li"ih r;I~~-'.~~r:I~~~. III Brvce (:<111\,"11 )\;Jti()!1:i1 Park in 1935 and 19()) 
I):, JlCl"C(';~:;lgCS of jIve Pill",,,, (1 illclles J.h.h. ill" larger in a bell transecl 1 

InfectinTi Cl:1SS 

Early 
Intermediate 
Advanced 
Near-lethal 

Tara] 

1965 
North 

.. (Basis: J.J()I trves) 
: (basis: 462 trees) 

South 
(basis: 459 trees) 

5.0 
4.9 
4.7 
3_2 

17.8 

1.7 
4.3 
6.5 
0.7 

13.2 

- Percem - -

0.7 
1.7 
4.1 
0.7 

7.2 

Average 
(North -South) 

1.2 
3.0 
5.3 
0.7 

10.2 

1 unb1:h of the hase transect surveyed in 1935 was 12.6 miles. Only 4.0 mi les of the same transect 
were examined in 1965. The 4 - mile transect is divided into a northern part 2.1 miles long and a southern 
part 1.9 miles long. 

In the 1965 survey, 94 live pines from 6 to 37 inches d. b.h. were found to be infected by limb rust. 
their average diameter being 20.0 inches. The 827 rust-free pines, also 6 to 37 inches d.h. h., averaged 
only 11.8 inches. To reflect this major disparity, data in the last three columns of table 1 were recalculated 
in terms of percentage of basal area as follows: 

Infection class North South Average 
(Percent) (Percent) (Percent) 

carly 2.5 2.1 2.3 
Interm edi ate 6.7 4.0 5.4 
Advanced 14.8 11. 8 13.4 
Near-lethal 0.8 1.4 1.1 

Total 24.8 19.3 22.3 

The 10 percent of trees that were rusted include about 22 percent of the basal area, with most of the increase 
over table 1 occurring in the "advanced" infection class. Percentages of volume would show an even greater 
relative importance of limb rust. 

In the survey transect, there were 30 ponderosa pines that had recently died. They still retained con­
siderable bark and most of them were still standing. These were examined for bark beetle galleries, dwarf­
mistletoe symptoms, lightning cracks, and, using blocks and stained sections (~), for limb rust mycelium. 

Because blocks could be taken only from near the bottoms of standing trees, limb rust may have es­
caped detection h a few trees that had top-crown infections. Nonetheless, limb rust was detected in 22 of 
the 30 trees. Average diameter of these trees was 20.2 inches, as compared to 16.2 inches for the rust-free 
trees. Eighty percent of the basal area, consequently, was in infected trees. 

Seven of these dead pines had beer. poi soned with silvicide to control dwarfmistletoe, and only one of 
the seven was also rusted; thus 21 of 2.1 trees (91 percent) that died natural deaths had limb rust infections. 
One of the' olher two W:1~, killed hy liglltning, and the last died of unkllown cause. In the northern 2.1 miles 
of lhe transect- -relatively undisturbed forcst- -15 of 16 (94 percent) of the dead pines had limb rust 
infections. 

Of the 23 dead trees not ki lIed by man in the 1965 transect. 9 had been attacked by Dendroctonus bark 
beetles: 3 by Black Hills beetle (D. ponderosae), 1 by roundheaded beetle (D. adjunctus), and 5 by western 
pine beetle Q2. brevicomis). Three others may have been attacked: 2 "prObably" attacked by red turpentine 
beetle (Q. valens) and 1 "possibly" attacked by western pine beetle (these doubtful galleries were obscured 
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"t'("Ii'!;"'''' !",1('I"), n(lla',"" 12 "I,eelle" I 1"'l'S , :,;1 illlllhe lust liJrec WL're ,!Iso infected by limb rusl, 
r'~\l lJ\'L' lJc:..'s \1:(')\' iOIJlld l~l~ji. li:ld bl'CIlI.ltl.~ICL('(j hy Dt'lldrl)Cldnlls. 

Rllst IJI:l~1 ure primary rests. favored hy vigorous host trees rather than weakened ones (0. but bark 
bcelles, at lc:l!-,t in endemic l'(lnditions, are favored b\ weakened trees (6). It thus seems highly probable 
tll;,t all or Ilc;Jrh all the endemic lX'L'IiL' popui:llion'obsen'eci in the sample existed because of rust-we::lkened 
or rust-killed pines, 

Although some pines with advanced rust infections can survive for many years. it was observed in the 
Park that beetles tend to eliminate trees with limb rust even where infection is still in the "intermediate" 
stage. For example. in 'the Yovimpa Pass area (not in the transect) only two of the many large trees were 
rust-infected in 1965, both witb "intermediate" infections. These were also the only two trees in the area 
anacked by b::lrk beetles (one in 1964 :IDO one ir. 19(5). 

DISCCSSION AND CONCLLJSJOp;S i' _ ).J-,'.J.,)f? 

/ i-' .~ .//I"a; " -X 
It appears fairly clear t!iat tim!,)er losses due to limE--rust-can-be·'held·t6-~m acceptable minimum by 

selectiv-e--coLtil,g aHd SilOI [ c~cyCfesv:;he"i:einfe'ctiC;;- level~ normal. Cutting cycles up to 25 years 
proba~ snort enough. This assumes tnnt tree markers can and do spot rust infections at early stages 
and that they eliminate the rusted trees wherever it is economic to do so. Cutting cycles shorter than 25 
years would he: needed where reduction of endemic bark beetle populations is critical. 

In some National Forests, rust trees are being eliminated by wise selective marking and cutting; in 
others, the rust gues unrecognized, The Powell Ranger District of the Dixie National Forest provides the 
only known ex~mpk of careful cutting of rust trees over a long (20-year) period where rust has not yet been 
reduced to an acceprabie level. The problem is that there was too much rust at the outset. 

In some areas a shift is being made from individual tree selection to block cutting followed by planting. 
If--as seems likely--pJantations are as susceptible to limb rust damage as are natural stands. block sys­
tems will be if, trouble wIler.: limb rust outbreaks occur. Vv'hether block cutting could be continued without 
losses to rust would depend Ui)on the times of infection in relation to times of thinning and of final harvest. 

In stands managed to maintain or. to regain the appearance of natural conditions rather than for timber, 
limb rust continues to be a real problem. In such recreational and wilderness areas the knowledge that 
good silviculturalpractices can control limb rust damage is little comfort, These stands may appear 
ragged even where less than 20 percent of trees are infected because it is the larger and more conspicuous 
trees that are usually damaged (fig. 4). More serious than the ragged appearance--at least in Bryce Can­
yon National Park- -is the likelihood that a large part of the endemic bark beetle population exists in rusted 
trees. Should conditions again favor a beetle outbreak, such as has occurred in the past at Bryce Canyon, 
limb rust- - by affecting the endemic population base- -will be partly responsible for the extent of damage. 
Limb rust is undoubtedly one of the damaging agenCies with which these pine stands have always had to 
contend; therefore elimination of the disease would be undesirable where one management objective is to 
maintain the environment as a "museum" of the living forest. However, a new factor has been introduced 
where heavy use by people precludes normal regeneration of pine. Trees killed by disease are not 
replaced as they are in the pristine forest, and continued infection leads to unnatural depletion of the desired 
stand. An even greater source of worry is that diseased, heavily trampled stands :nay be susceptible to' 
catastrophic outbreaks of bark beetles. 

We do not understand the p<lttcrns in time ::Ind sp;lce of limb rust outbreaks. There are analOgies 
with outbreaks of the hett('r Kn()wn cOlllanclra blister rust. For instance, <It Bryce Canyon, present damage 
appears to be the result of :, wave or waves of infection three or more decades old that are not-being re­
pL'ated now. This situation par:dlels that of cOll1andra rust in lodgepole pine further north (10). Outbreaks' 
of limb rust in southern Colorado that probably occurred in the nineteenth century (7) have not recurred to 
a serious extent, just as the early comandra rust outbreaks in ponderosa pine in- that area have not 
recurred (.!i). 
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Figure 4. - - Limb rust can 
markedly reduce the 
beauty of pine stands, 
as in this example in 
Bryce Canyon National 
Park. 
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Although limb rust outbreaks are widely spaced in time and although local changes in intensity can 
appear abruptly (18), it seems likely that limb rust maintains a fairly constant population over its whole 
distribution area :-At least there is no good evidence substantiating an overall increase in the rus~; no large 
concentrations of young infections have been reported recently. If future outbreaks are identified early, 
serious damage can be avoi ded where silvicultural practices can be used. 
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