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Abstract
Srter flled reeholes we
\ la r . rs  in  no  h . rn  Ce l i lo

cal lactors of trrr:hrlc su

ranl litr L rier,?,rir. Rc$rrnr. linritrtirn n,ighr ul!r rllecl othef organisnB inhabilnig olher ph_ll.nelData.

lntroduction

Phvlolelrnata arc small aquatic habitlts associated
rdth l iving or dead plants. Water'-holding f lo*er
l , r . r ,  t . .  r r r L r J i f i . d  l , . r ' ,  - .  l ' . r l  i r \ i l {  o r  { t ,  r n  i n t c f
nodes are lbund in at least 29 plarrt  lamil ics dis-
rributccl throughout the ror.ld (!'ish l9B:l).
( ionspicuous I)hvtolelnata indrrcle pitchcr plants
and blorncl iacl axi ls. Watcr-f i l lcd treeholes occur
ovcr a vast geographic ranple. largelv cor-respond-
ing to that ol hard*ood trees. Cfotches {)f  rol lcd
limbs or trunks of trccs oftcn iblrn cavities t'hich
col lect rainwaLer. Trecholcs supporl unusud as-
scmblages ol aquatic biota.'fhe treehole later rnar
be verr- turbid and the trcr:holcs duk. I 'hotosvn-
thetic pllnkton are rare in these mi.rolenLio
ha l , i t a t - .  L " r r '  l i - - n [ -d  o , , r  g . , r , . ' n ,  c r r r r r i , , n -  r n . r \
furLher l i rnit  thr- '  cl ivcrsitv of biota. In Cali fornia.
trccholc t'ater mav lieeze in the rrinler. and some
t r . . h , , l - .  , l n  . r p  L r  1 . r t ,  \ l . r r  { - . rmrne r  r . r i r r -  r r r e
ra.re or absenl), so the productire season for aquatic
organisms mav bc bricf.

OJiElochaetes ancl acarines ocr:rrr- in treehole
naLefs. buL inlmalure insects usuallr  clominatc thc
macr-oinvcrlcbratc biomass. 

'l 
hlollghout the $orld.

rnosquitoes are among Lhr mosl frcqucnl and
numcrous inhabitants of treehole-. (Bradshar and
Holzapfel l99l).  Fi, 'c spccics of mosquito lanae
havc bccn collected liom northern (lalifor-nia Lr-ee-
hole-s (D.L.W. unprrbl ishcd clata). AccorcJing to tho
classif ir :at ion of Rohncrt (19501. t to of these spe
cics lCuliseta incidew ar\d Cula: stiq?ratosonLal arc
dendrolimnetr4rhile-r (generalisls atlrac{ed lo a *idr
l.aricty of dqurtic habitats): one \Aetles int:repiLrLsl
is a dendrol inrnelo:tene (an acciclcntl l  inhabitant
rr'hich is not n regulal member ol the lreehole com-

munitv): and t*o lOrthopodontia signiferu aru)
Aedcs sienznsis) arc dendrolimnetobionts (organ-
i - r n .  L r rg "h  rp - l r i . l cd  l i '  l r ee l r , , l e -1 .

Some parasites (e.g.. Egeltcl  and Andcrson
1985. Washbum et al.  I989) and pathogens (e.g..
Pinnock et al.  1973. Samson and Soares 198,1)
have been studied more than predators in tr-eehol:s
of western Nor-th Americt. The rolc o{ intcrspccilic
conpcti t ion in $estem treeholes is not knorrn.

Abiotic factors in $estern treeholes have not
been thoroughlr studitd. Sratcr chcnrstrr,  amount
of or€ianic matter in the lreehole, phlsical cl irnen-
sions and latior-s r-clativc to thc location of a tree
hole might ini luence moscluito prodrrct ion direct l ,v
, , r  I ' r  . r f f - ,  r i ns  rhF  l , i u r i ,  t . r ,  t , ' r - .  T l r ,  impu r l r nee
of intclactions among biotic and abiotic faclors in
allecting luval mosquito populalions irr phytotel-
mala is poorlr kno*n (S alker et ol. I99ll.

Aedes sienensis is the most common insect in
Cali fornia trccholcs. l  his species is irnportant be-
cause il is :r veclor of deel bodyrrrrrm (Setuia l ehi)
and canine hearhrr)rn (Dirofilaio immiti,sl (W eln-
mann ef al.  1973. Wcinmann and Oarcia. 197,tr).
' fhe 

presenl study nas conducted lo invcsl igatc
phvsical, chemical, and biological laclors as-
sociatecl * i th some Cali lcrrnia trccholcs uncl to dc-
termine t'hich factors aflict the emergence ol,,l.

Materials and Methods
'lrvcntr-Iour 

trces in nine diflelent area-q of Lake
and Mendocino counlics lrcrc included in this
study. Species e)iaminecl irrcluded Cali[ornia black
oak (Quercts Acllog$i). intcrior live oak (QLelcLr
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uislizenii). blue oak (Qtenrrr-r doufarii). vallev oak

\Quer.:us lobetol and l'acifi: madronc (,4r6atus
nenziesi i) .

According to l lunz's (1959) clussif icat ion c-,I
Cali lbrnir plant cornmunit ics. areas K. Jl \ I  and G
are nor-thcr-n ouk voodlands and arcas HR, EB.
WB, [I(]. RH and HS rrc foothill l oodlands. Arcu
K and C t 'ere the most dcnsch,- folested sites.
Areas HR and NIC hacl the lolest densitr oftrccs.

Lati tucle. longitucle and ele\at i()n t |errc clctcr-
mincd from topographit '  maps. Thc direct ion and
anglc of -.lope ol the ground rvcre determined * ilh
a compass and cl inornetel.  Each studv trcc lr .as
identi l ied (X{unz 1959) and i ts height. lelerminccl
rr i lh a cl inometer.

Al l lc:rves, organic cleLri lus. dc. lrere rerno\ed
flom each lreeholc. drainecl. r,".e!1hecl ancl rccorclcd
as Lreehole 'organic matter." "Trceholc volume''
ras dclcrmined bv aclcling knorvn quantities ofwa-
ter to an emplv trccholc. Vater surface area lras
calculatcd from rnulLiple width and length nea-
sLlrenrenls. Maxirnum treehole rJepth rvas al, .o
mcasured. 

' fhe 
conrpass cl ircct ion of the treeholc

opening (r lhich could inf luence Lhc amount r l1

f:]l ';":1.:'::1t".or 
sunlighL entc ng a treehole)

On 21 l  ebruar_,- 1 985 a *ater sample r,as ob-
lainecl frorn cach treehole an.l watcl qu:rlit1. fac-
tors ilere cleterminccl rccording to standard
melhdls iGrccnbelg 19fi5). S'herr /. srerensis pu-
pae beg:u 1ll appear. crnrrgence traps (S ood$ard
et al.  19BB) tcrc placed oler l iJ treeholcs. ' [ ' rvice
each lcck. emelged adults tcrc col lected l iorn
cach t lap and identi f icd (Bohart and S'ashino
L97fl .  S'oodt 'ard et al.  t913{3). Ernclgcnce of ,4.
sienenris tvpical ly ccascs bl Augusl (Carcia et o1.
1989) so emergente r las monitored unti l  02
September.

' l  
l r p  l o l a l  n , r n , l x  I  u [  4 .  : / {  17 ,  / r , i r  F rn r r ! i nF  \ r -

regresserJ on various physical.  cbernical and bio
logical factors (\orthrvest Anal_vtical 1986). Per-
centages $trc tlanslbrmed to arcs;ne squalc roots
prior to regression analvscs. I)iflerences betwecn
lree spccics (cxcept the lilo 0. loDato) and ben".een
slope direct ions nerc tcstcd bv one-rva! analvsis

irj",ll.'"".," 
and Ner.m:rn-Kerrls multiplc range

Results and Discussion

Thr natcr qual i t l  daLa appear in' lable 1. Thele
was relativelv liltlc variabilitv in sorre chcmic,al fac-

tors (e.g.. matanesium and nitrate). HoNever othcr
Iactors sholcd considerable variabilitv amonpi tree-
l r u l " - .  I  u r  i r r - t r n , . .  t l r e  r r r . r r im r rn r  po l l l . . i L l r  r l , r -
ccntrat ion (2.610 rng/1)r,".as more than lO:tr l imcs
pyeaLer than thc rninirnum concentralion (25 rng/1).

Boron conccnlrat ions have not been fcported
in most treehole sludies. but thc al.erage bofon con-
cenlraL;on in natural fre-sh i1alers is ca. 0.01 parts
pcl mil l ion (fprn) (S ctzcl 1975). The rnean bo-
ron con(ienlrat ion in treehole \aters of thc pres
ent slLrdv vas 0.36 ppm.

Vlt iska and lJrppas (1gfl ,X) [ound that
Nrbraska treeholes had watcr hardness values
(mean : 9. i3 ppm) signi l icantl ,v lorver than laters
Irom other mosquito larval habitats. V ater hard-
ness in lhe plcscnt stucly was relat ivelv high (mean
:  1 1 3  p p m ) .

T ree l ro l -  s . r t r  r .  u l l en  l r . r r e  h i g l r  1 " , t r - s i r rm  cu r r
centrrt ions (Petelson and Chapmun 1969, Wash-
burn and Anderson l986). Vrt iska and Papprs
t l r )B l t  r e l ' o r1e , l  t hc t  p , ' t J s { i um cu l l c cn t r r t i o | | s
(2911 ppm) in trcchole 1{atem \!ere significantlv
highcr than in other mosquito lan'al habitats. Jn
the present sludv thc mean potassium conccntra-
Lion $as vcr,v high (520 ppm).

The mean pH r,as 7.8 and the mean conduc-
t ivi t l -  was 1,286 pmhos/cm (Tablc 1). Kitching
(19813) reported a mean pH of 6.4 and a mean
rcnducti\.ity of 3ll9 mS/crn in some European lree-
holes, and a mcan pH of 5.9 and concluctivi ty of
227 mS/cm in Austral ian trecholcs. Vrt iska and
l 'appns (1984) r.eportcd a mean pH of 6.9 and
mean condu(t;r i tv of 456 pmhos ;n n' i l tcrs oi
Nebraskr treeholes.

Lunt and Peters (1976) lound Aedes hender-
soni in lreehole \\ ,atc|with a pH of 9.3, but
AnopheLes ltarbei larrae were not lbund in tree-
holes $ith a pH grcatcl than 8.7. In a studv ol
Louisiana t lccholcs (Peterson ancl Chapman
1969), sorne lo-ae (e.g.. Toxorhwchites rutilis sep-
tertttionalis\ wcrc collected in laler having a pH
of 9.9. bLrt the treeholc mosquito Aerles tnseno.tus
rr 'as absent lrom nl l  treeholes hal ing a pH greater
than B.B. In the present study,,4. sienensLs larvac
$ere prescnt ( in low nurnbers) in the trcchole t ' i th
the highcst pH (8.5 in [ iB-l).

Pelerson and Chapman (I969) frrLrnd that A.
,i.reriarr&r- r,ins absenl in treeholc $ate$ haling
electr ical conductir. i t ies greater Lhan 4.100
prnhos/cm. Washburn and Andcrson (19116) col-
lectecl A. sierrensis larr.ae lrom lrceholc t'aters and
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electl ical c:onductivi tes oi 70 L{) {:1,370 pmhos/cm.
'lhis 

is similar to the conductivitv range (17.1 to
5.9i3i3 prnhos/cm) of waters harhoring,4. r ie,ren-
, t i t ' i n  Lhe  p resen t  sLL rdv .

l)ctcrson and Chapman (1969) collcttccl -,1.
t t i . " r i a tu '  l ; J r t , t .  i n  s r r t - r .  l r e r i ' r g  . r  mJArc - i . rm
concentration as high as 8.6 milligram equilalents
per l i tcr and calcium concentral ion as high as 27.1
milli€iranr equiv:rlents per liter. Washburn and
Anderson (1986) f trund A. r lerensls larrae oc
,  r r r r , . l  i n  t r , ' l r , ' 1 , -  r ' i t h  m . r g n ,  - i r r m , . , n , "  n t r r t i , ' n s
J -  h i g l r  - r .  125  p l 'm  . r r r d  cn l c i um .onccn l r . r l i on -

as high as 258 ppm. Tn the present strrd\r ,4. !rel-
7?nJiJ larlae occulred in rraters haling a mag
ncsium conccntrat ion as high as 49 ppm and a
cal( i iunl concentral ion a-" high as 64 pprn. The-"e
conccntrat ions of magncsium and calcium are
higher than those occurring in mo,.t lentic habitats
(S  e t ze l  1975 ) .

Adclitional firctors associatcd l'ith trccholcs ap-
pear in Table 2. The rnean lreehole surface area
lras 55i[ cm2 and thc mean clcpth $'as 22.2 cm.
Kitching ( l9t i3) reporlcd a rnean surface ar.ea of
,122 cm' and a rnean depth of I5.8 cm in Aus-
tralian treeholes. :rnd a me:rn su ;ce alea oi.123
cm2 and a mean deplh of 25.2 cm fnr-snme Lree-
holes in England.

Thc sizc (volurntJ o[ thc treehole (Table 2) uas
not signilicantly corlel:lted (P > 0.05.i with the spe
cics of lrcc. Querau tlouglosii trerholes were sig-
nilicantlv (P ( 0.05) higher abor.e the ground than
treeholes in other spec;es. Thele wele no dif fer-
cnccs ( l ' )0.05) am{)ng trcc spccics ;n trccholc
depth, treehole surlace area or the amount of or-
ganic rnrttcr in a trccholc. Thcrc tas no correla-
rion (P ) 0.0,->) berweeD the height ol the tree and
thc hcight. clcpth, surfacc arca, or vohrmc of lhc

Some ofthe ions were posit irel;-  co|related wiLh
cach otbrr, so thc_-v mat halc a cornrnon sourct:
(Table l3). This linding is consistent $,ith reports
that stemflo!,i (rain \{alcr rrhich runs doln lhc sidc
, , f  a  t " . e r  i -  i n rpo l t a r r t  i n  I ' r ' i ng i r r g  -n rne  i no rSan i ,
ions into trccholcs (Fish 1983, W alhcc et al.
t 9 9  L ) .

Ernergence tral)s oler selected tfeeholes (Ta-

L , l ,  l r , " J l , . l , , J  n i r r ,  . 1 ' .  i , -  i n , 1 ' r , l i n g . r  r n , , s , 1 r r i t , ,
(4. sierrerxis), a marsh beetle (C1pft.dn sp.). r moth
ny (Telnanstoptu sp.). a holcf fl,v \Bleru hurrter-
alis). trlo midges (I'olpetliLunt pedatunl and Li L
nophles honil toni) and tto bit ing midgcs

\AtLknkles nettliryiteus and C. .\ tlia^J. The
. rn i  r r i  r ! ,  " I  r l l u l t  m . r ] .  l .  . r r r r r . r r ' i "  r r r -  m , , - t
higl,v correlated (P<0.0I)t ' i th the arnount ofor-
ganic matter in lhe treehole (Figule 1). The olganicr
mattrr nrav includc lcaf l i t tcr.  mist lctoc and deacl
organisms \rhich hale fallen in the hole. rlearl moss
and lichens l,;hich occur ncn somc treeholes.
l$ igs. calkins, acorns. pol len. seeds. etc. IJecared
organic rnatter is an o!ipositional rttlactant lbr A.
rlenensis (Ahmacli and X'[cCle]land 191lii), so the
t r , . l r , ' 1 . -  r ' i t h  F r r J l F f  J m i ' , r , 1 :  , ' f , , r : : r n i ,  m r t t ,  r
may have had more eg€ts.

Lan'ae of some treehole mosqli toes (e.g.,

lnopheles plumbeus, 0. tigrtiferu'l lccd b_-v filtcring
su-qpended particles \rhile hanging liom the water
surfacc (Zavoltink I985. tsradsha* and Holzap-
lel I99I). In:rddition to liltering. A. sierentis lar
\ 'ae q)mrnonlv di!e to the bottorn o[ Lhe tr-eehole
to fcccl b,r' brolsing or gna$ing on organrc mdttcr
or associated microbes. Aeder rierTensir miglrt be
rnorc succcssful than othcr trccholc insccts (Ta-

ble 4) parLly because i t  is reiat ively euryphagorLs.

There can Le large nurnbcrs (> l0.000) of
carl,v instur,,l. sierenrx lan'ac and vcr-v littlc or-
ganic matter in some treeholes. 

'l'his 
can result in

intraspecif ie competiLion for the l i rnited arn{)unt ()[

resource available. An inadequate foocl supplv for
thc larvac nray resulL in srnal ler adults or in lcrvcr
mosquitoes emerging liom treeholes. Figure 1
shons that A. sierrensA emergence is consistent l''ith
the reports that populntions of eastern treehole
mos(lui loes are l imiled bv the amount of avai lable
food (Fish arrd Carpenter 1982. Carpentcr l9B3).
Lorr per capita resources can resl t in ret{fded lar
val gro!,r lh. reduced puJral weighl. reduced sur-
vivorsh\r. reduced pupation success and reduced
cmcrgcncc ofsomc spccics (Ha*lc,v I985. tsrad-
shaw and Holzapfel 1991).

'fhe 
emergence of Iemales was negati\.elv cor'-

related with Lhe con.rentrat ion ofchloride ions (Fig-
urc 2). 

'lhc 
miximum chloridc conccntration found

in a treehole (23 pprn) appalentlv adversely af-
fected ,4. sierensis developrnent. Vrtiska ancl
Pappas ( l9Bz1,) indicated t lee holes conLaining A.
,r7sc;ar&s $'ere chalacterized bv lolv chloride
(rnean : 6.2 ppm) but Pelerson and ( ihaprnan

|  | t r ( "  r t  ,  , ' l l F ,  I ' , 1  l i r i ng  f .  i n - cnn tas  b r \ r r  i n  t r , a '
holcs hlr.ing chloridc conccntrutions as high as
12.5 rni l l igram eqrivalents per l i ter. ,4eler siezerui. '
(or some irnponant microbe) may be relativelv sen-
sit ivr:  to chloride ions.

154 (iohtell, Woodr,".ard, and Anderson
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IAULI  1 .  N ' leon nurnbers  o {  i f secrs  (o l l c ( rc l l  r , c r  t ra t  t . r  n igh t  in  em, - rgence r r lps  l tum 28 \ ' l ! (  h  t , ,02 , \ , i rn fmh, i r  19U5.

C\phot lbliutlt)\.ot,1Ls

Tar: Vr sp.

I\tryetlilu.n 1tlno Ls Culicoidcs

r.latun trlDaticus ncttaFincls
Blera Linnophys

hunerulis hanilrni a ? ./.r

K 2 0.08
K-.1 0.00
K  8  0 .35

.12  0 .00

H t 0.00

tan r 0.00
ltB-2 0.00

c I 0.00
c.:t  0.00
(; ,1 0.0t)
c s 0.00
{l-6 0.00
c u 0.00

0 .03

0_06
0 .10
0.09

0.00

0.00

0.00
0 .01

0.03
0 . l t
0.00
0.00
0.00
0.07

0 .01

0.00
0.0.1
0.0t)

0.00

0.00

0.00
0.00

0.0r
0 .0  |
0 .0 l
0.06
0.0t)
0.00

0 .01

0 .0  L
0.0t)
0.00

0 .0  r

0.00

0.00
(i.00

0.02
0.0:l
0 .01
0.0,t
0 .01
0.00

0 .0  |

0.00
0_00
0.00

0.00

0.00

0.0t)
0.00

t . 88
0.00
0.00
0.00
0.00
0.00

0 . 1 I

0.00
0. t : l
0. l  a)

0.0t

0.00

0 . 1 7
0.00

0 . 1 I
0 .10
o.\)2
0 . 1 8
0 .16
0 .5 ;

0 . 1 2

0 . t 0
0.{)()
0 .  L5

0.00

0.0t)

0.00
0.0t)

0 .00
0.00
0.00
0.02
0 .01
0 .01

0.03

0.06 0.0.1 0.10
0 .61  0 .62  l . 2 i r
0.9rJ 2.38 3.:6

0.119 0.25 0.6d

0.88 2.00 2.BB

0.0:l  0.02 0.0;
0.06 0.0; l  0.09

3 . 1 I  5 . 3 :  B . 1 B
0.0,1. 0.01 0.01J
0.03 0.00 0.03
0.19 0.16 0.rr5
3.95 l . ' r .)  8.q1
0.5r; 0.73 1.28

0.i16 t.2i l  2. r,1

z

-
z
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TRE:NOLE ORGAN C MATTER 19)

l i i . , ,  .  T i . l 1 .  ^ , . '  , , l ,  $  '  r l ,  , ,  r ' ,  ,  , r  " ' . J  '  , , .  r l  l

in Cr ilortri! Lr..tr,les rnil emetgence ofalult nrde
.1e.l.i s;erc'rir.

I t  has been suggested that somc rnosquiLoes in

phvlotelmala experience delavs in larval develop-

meDl t irnes and a scx rat;o dislorted in fa!o| of

males. Whcn lar-r ul rcsources are scarce there

could be rccluccd procluction of adult females. the

heaviel ancl mor-c cxpcnsivc scx. and lhe reduc-

t r un  m igh t  . ,  n ,  1 - . 1  i , .  J l , . r ,  I  r n - ,  h r l i . r n  t o  r . g r r
latc populaLion size (Frank et al.  198.i).  ln the
present studv females consti tuted onlv 40.17o of
the emcrgccl arlults. but thcnwas no signif icant
aiorrelat ion bel\reen sex ral io and amount of or
ganic matter in thc trcchole. !'ernale,4. sicncnsis
ernerEle later than malcs (Carcia et al. 1989). so
deeper trecholcs might bc cxpcctcd to bc bcttef

l o r  l a

CHLoR iDE (mg l  )

l i r ' . r p 2 .  H c l '  r - l r o ' - t r " n  r '  I  r i , l '  ' r " r  '  ' , '
t rehole rvater,.  onrl  thr cmcfg.r(c ol a(lul l  l i rmr c
4e.1.i si.fi.,.,ir from noflhefn Cu ilomi! lrcholf5.

suitcd lor the females. Ho$,ever there i\tls rro col'I'r-
lat ion bcttccn treelrole depth and percenlage ol
fernales ernerging l iom treeholes.

OI the lactors in' Iubles l-4, the pcrcr:ntagc ol

fcmalcs rvas positirely correlaLed only l,ith the con-
centrat ion of iron in thc trccholc rrater (Figure i ' i . i .
Iron may not be immediatel_v toxic lo A. \;cr?rsis
larrae. brrt  can have complicatcd i l f fcr ls on other

factors including nitrogen. chloridc. phosphoroLrs,

pH. redox potcntial, prirnary production. and bac-
terial rnetaholism (Wctzcl 1 975).
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l igur. 3. Relal;,r,shit, ircl{een the iron .o,(urrrotron !r hr1!
hole $ak.rs lnd rhe per.enrag.,n rdu I fernde 4er.r
s;.fr.,LJ;r.

The total adulL,4. rierrensir cmergenr:e also r,"as
comprued r i lh chemical, phl,sical and biological
f u ,  t , ' r s  i r r  l r h ' e -  l - 1 .  C r r , l . r r . r .  o l  o t  l r - r  ,  , r g . r n  i -m-
rnighL servr: as lood ior A. sierensis lar, 'ae. Of the
ilrseds in thcsc treeholes. onlv tht Culicoides arc
considered to bc possible predators (Merrir t  and
Cummins. 19f: l , l ) .  Other treeholc insccts could bt:
tnnsidcred as possiblc competitors c:[  A. sienen-
sis. Houcvcr, there were n() s;gnif icant correlal;ons
(P>0.05) belwecn thc emergence of , ,1. sierensis
and thc cmcrgcnce of anv of the olher spcoics in'I 

able tr. so intcrspecilic biobgical interactrons rlclc
not ibund to bc inrportant for.4. sienensis. Also lhc
number of inseot spccies per treeholc rfas not ( ior-
relatcd lith ,4. slerrenris cmcr'€ience.

Larval prcdatols (e.fi.. Ttnorlqn chites nctstyti-
tocs or cvclopoid copcpocls) can rcduce sotne
popLrlat ions of treehoie nosqrri tocs {Bradshart and
Holzapiel 1984. Riviere et al.  l9B7). However
these predalors arc l- i [e or absenL in Cali fornia
tr.ccholes.

Thc lo$,er eleval ion tr-ccholcs irere in hotter.
drier arcas and mal have dried out sooner-than
lhc higher elevation trccholes. Hol,ever thc r1. sie-r-
rcDri! in the lower treeholcs mav have starlccl
e tn . r ! i r r q  su , , r r e r  t l r Jn  t l r e  l r i ch - r , l ,  r r t i , ' n  mo- l r r i -
toes. and thcrc was no (P ( 0.05) signif icant corre-
lat ion betwccn number of adults cmcrging and
el: lat ion. There las no conelal ion benrccn slope
anglc and A. sier, 'el l \ is cmergence. The nLrmbcr ol
66-cquitoes cmcrging was highcst ( l '<0.05) on
south-facing (I2I-24.Oa) slopes. rvhich arc com-
monlv hot and drv in Cali fornia. Bradshaw anrl
I lolzaplel (1991) reported highcr surl irorship of
a lrcchole mosquito {,4. plurn6e(s) on south-far. ing
slopcs in England.

15f: i  Coltel l .  Wrndt 'ard. and Ande$on

\on-dcciduous trees (e.g.. interior live oak and
madrone) mav produce mor-e ofthc chernicals that
detcr hcrbivor'e-q rrhr:n compared to deciduous oaks
because cr.crgreen leares arc vulnerable all vear.
H i y l r  cunce r r t r . r t i , ' n s  u l  t cn r r i n - . r n , l  l i g r r i n -  r " p " r t -
erllr makc Q. rislizertii lcss palarablc and less
nulr i t ious to inser:ts and mammals (Pavl ik et al.
1991). Tannins produced bv some species oftrces
mav halc clfccts on,4. sierrersir larlae or Lhcir nat-
ural enemies ( l \ lcrccr and Andcrson 1994). Hon-
erer in thc presenL -rtLrdv thcre $,ere no signi l icant
dillerences bct$'cen tree specics in the numbr-'r ol
r d r r l t  mo .qu i t oe .  'm ,  r g i ng  o r  t l rF i r  s r ' \  r J t i o : .

T r - ' h1 ,1 , .  h i gh  i r r  t r - . .  m . r , ,  r eee i re  nu t r i en r -
l iom l lving organisms and from lyind-bornc mate,
r ial (anernophilous nutr i i ion). T,ower treeholes mav
J -o  rece i r .  a , . , r n - . r n , l n rhe r  m : r t ,  r i . r l -  t a l l i ng  i n ru
t lrr rratcr or l ,ashed bv rainlater into thc treehole
(dendrophibus nutrition accrrrding to Frank 1983).
Thc height ol the Lrcchole is important {or somc
nrosquito species (-qinsko and Crimstad 1977).
Ther'e was no sippilicanl cor.rclation bet$ocn tree-
hole height and ,4. sierrensis cmergence, but tree-
holes on Lhe highcst Jimbs were not sampled in this
study.

Copcland and (lraig (1990) lorncl A. triseia-
tos in more shallx, trceholes and fcrver deep tree-
holes lhan crpected. and the reverse was tr.ue for
Ortlutpotltratia olbtL.In thc present studv thc num
bers of emergcd ,,1. sierreri-sis vrere not correlated
(P > 0.05) l , i th treehole dcpth.

Total emergencc lrlrc not (rrrclated \{.ith lati-
tude, longi lude. or height of tree. bur was cor-
relatcd $,ith Lhe number olmajor stcms (l'igure 4).

1 2 3 4 5 6
STEMS (no . )

l igure .1. filarionship bet$ecn th{i nlmber or x,dlo. uunK
stcnrs on a hardwood Lrcri and lhe lotal eD.rg,-nce
ola,l,,lr 1cd.s i;en a\i\ f.or nodhenr Calilohia rree

!.r

z
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Some of the trees in this stucly apparentlv had been
urt to ncar ground lcvcl vcars ago. The old stump
mav ha\.e become the bottom of a treehole }hen
se!eral trunks sprouted around its circllmierence.
Thc mult iJr lc trunks rnight frrnnel stcmflorv, fal l ing
lear.es. etc. into these basal treeholc..

Lunt and Peters (1976) lbund O. alba onIlr in
trccholcs nith narrow opcnings ( l .5- l .7 cm). They
indicated the surlace area of the treehole appar-

;*;.:;:. 
"., irnpor.tant for A. hendernni. or A.

The LoLal energence of ,4. s;e/7?zsr.\  was posi-
tivel,v correlated with three possibly .usociatcd fac-
lors: surlace area, organic matter, and ni lrale
(Figure 5). 

'l'he 
surlace area rvas positi\.elv cor-

rclatcd (P ( 0.05) * i th the amount oI organic rrat-
ter in the treehole ( ' lable 3). A treeholc * i th a
larger opening would probablv have more lcar.cs
and othcr malerials lal l ing into i t  so iL rvould there-
l b re  h l e  r  B re r l c r  r ccumu l f l l i on  o l  o rg rn i ,  m r t -
lcr lhan lr-ccholes rvith smaller surface areas. S'ater
r r i t l r  g rea te ro rg rn i c  l oed ingcou ld  h . re  g r ' . r t '  r  n i -
tralc conccnlral ions. \ i l rale rras signif icanl ly
( l '  < 0.05) correlated with the amount of organit:
matter in lhe treehole (Table l j ) .  However. some
nilrate als() enters trecholes via sLcrnflou. Ni lrate
c:ul -etimulate microbial respiraton metabolism antl
grouth. and detr i tus deo)mposit ion on leaf and
bark surlaces and in the Nater column, thercbv
provicl ing rnorc rnoscluito food (Walker et al.
1991). l'igure 5 is consistent t'ith the finding of
Carpenter (1982) that mosquito grol l th i ! 'as en-
hancsl in micrrxrrsms cnricf icd * i th nrrr. te.

The organic matter in many treeholes is larplelv
leavcs. lrhich can bc uscd for roaring,4. JierensiJ
(P,vlc er nl.  I  989). Parts oi leaves may be direct l ,v
ingested b,v mosquito larrae. or mav indircct\ pro-
r ide nourishment through decomposers. Biologi-
cal transformation of organic mattcr may bc
impo ant in treeholes. l'ungi are decomposers
whi( i  can be ingestecl b,v treehole mosquilo laf-
lae. Carpcntcr (1983) has shorvn that lcalcs in la-
tcr without mosqLrito lanae develop massive hyphal
gro ,ths. but lea\.es in the presence ofcnstcrn trcc-
hole rnosquito larvae are nearly free of fungi. This
is rcpcntcdlv duc to brorvsing bv the larvac. Some

lrolo/ucns. b.rctcri :r  :rnt l , , lhcr micruor-cnism- Lrn
the leaves nray also be ingested b,v treehole
mosquito Jarlac.

T t  . huu l , l  L ,  nu t '  J  l h r t  nunJ , t r r a t i ,  . , r g i , r r i sm-
rna r  a l t e r  t he  l . a r . -  and  o thc r  o r8cn i .  mn l l c r
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Fisxfe ;. Relslonshi| bi,Lsdl rrccholl surl:l. ar.a (Al. trc.-

ho le  o rgan ic  mat l . r  (B l .  !n ( l  .on .cn l ra t i , t r  o in i t raL i l

in trrrtbl: satd (Cl- ard the emergence of adult

,1Pl.i s;.fienr;r.

lvhen California treeholes arc dry in the late sum-
rn ,  r : r n , l  ,  . r r l 1  . r r r t ' rmn .  Th .  l e r r c .  and  o r8an i c  ma l -
ter then provide habitat for numerous invertebrate
and vertebrate species (Pavl ik et al.  19911. Tlrc
partial proccssing ofthc lcavcs as well as lhc exu-
viae. dead orEianisrns, Ieces. ctc. in lhc trccholes
when thcy arc flooded bv winter rains may affect
thc mosquito productivity of a treeholc.

The associat ion ofemergence l l i th the amount
of organic matter in treeholcs is consistent with the

0
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idca that treehole mosquito populat ions are of len
lirnited bJ thc larr.al frrocl suppll (Bradshan ancl
Holzapiel 1991). Eggs" pupac and adLrlts do not
fccrl on the treehole orguic mattcr so the larval
stapie is thc l i rnit ing one.

Walkcr ancl l\Ierritt (-t9BB) lbund no diffcrcnce
irr the number of .4. tnsenatrrs crncrgcd fronr t tee-
holes rvithout lcavcs or lreeholes rvith leaves. Hol-
c\cr. emergen(ie ol A. sietrensis is affccted b1' the
amount oI lcaf l i t ter. Figure 5 is consistcnt t i th
the idea that,4. sierr:ruir is frxrd limited (()ilpin and
T,angford t97B). Elen thosc adLrlts which do
emerEie frorn loodlimitecl ph;-toteLmata mal exhibit
rclatirel,v srnall size. lot' sun ivorship, or lorr lecun-
dit ,v (Hat' lev 1985. Rradshaw and Holzapfel
1992).

There are other possiblc cnr. ironmenLal lactors
lhich could impatt ,{ .  sr ierensr. Sornc parasites
and pathogcns have been examined erdensivcly
(c.g-. Sanclers 1972: Sanders and Poinar 19761
Soales 1982: Hatlcl  I9l l i>; Siashburn and An-
dcrson l9t l6: -(arrndels et al.  1988: Washburn er
n1. l9l l8a. I9BBb. 1991; Nortor eI oL. 1992) td.
rrcrc not fLrrther erAluated in thc prcscnl studv.
I n te r -p , .  i f i ,  ,  u rn1 , . t i t i , , n  r na r  l r e  impo r l J r l  i n  l f ,  ' -

holes having highcr dcnsit ies of organisms than in
thc presenL stucl l .  { l -"o l i rctors $hich could alfect
eggs befole thev contacl lhc waler (e.g.. predation
b_-v ants) or adults afler they lear.e a trccholc
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