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hooked trichomes deereases as the leaf
expands. This-provides the greatest -
sect protection for the tender and suveu-
Jent plidnt tissues.

Intraspecific variation mny mphal mor-
tlity was also accounted for by differ:
cnces in trichome  density. - When
nymphs were confined to upper Jeaf sur-
fuces (low trichome density). total mor-’
tliny for the tao ficld bean cultivars was
the same. This suggests that the two cul-
livars. excluding trichome effects.are
cqually suitable as leathupper hosts, For
nymphs confined Lo the Tower leaf sur-
face. however, capture mortality was ap-
proximately three timeS ‘greater on the
cultivar with  the  higher  density -of
hooked trichomes.

Overall. nymphal capture and capture
mortality are highly correlated (= 99
P01 with hooked trichome density
for the ficld bean cultivars (Fig. 2). Cap-
ture frequency increases rapidly with Iri-
chome density. but appears to level off
heyond w density of 2000 trichomes per
square centimeter, We suggest that the
trichomes are so close together on lermi-
nal leaves that the nymphs are removed
from most direct bady contact with the
leal surface. Thus. very high densitics of
hooked trichomes could reduce capture
and deerease the efficiency of this plant
defense mechanism. Although removed
from direet contict with the leaf surface.
these nymphs could continue to feed. as
their stylets are long enough to reach the
Jeal veins.

The percentage of daged lcafhopper
nyvmphs captured by the lima bean culti-
var was much less than the pereentage
captured by cither of the ficld bean culti-
vars (Fable D). This interspecific Virii-
tion is not explained by dilferential tri-
chome density. as lima bean leaves have
moderately large densities of haoked tri-
chomes. But the hooked hairs of . luna-
s wre oriented atan angle of 107 to A
(/5) (Fig. 1d). whereas the hairs of P vil-
waris are relatively erect. Apparently
these procumbent trichomes are oriented
at such a small angle that the nymphs
rarely come in contact with them. Thus
the observed interspecific variability in
nymphal capture for this cultivar is re-
lated to angle of trichome insertion rath-
er than to density.

Clearly. hooked trichomes cause n-

creased mortality of £ fubae on ficld
beans. This reduction in nymphal infes

i
tion has dramatic implications for vari-
ctal plant resistance. as nymphatinfesti-
tion gensity is generally corrclated with
the severity of leafhopper damage (&),
Thus. hooked teichome density may be
valuable sclection criterion in applied
breeding programs for ficld beans. partic-
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A sty
Number of hooked trchomes (£m2)
Fig. Relationship  between  hooked  tri-
chome density and capture frequency of leal-
hoppers on field beans. .

ularly if this defense mechanism can be
combined awith ather plant factors medi-
ating resistance to Cgg laving and growth
of leafhoppers. ’
The role and importance of trichomes
in resistance to crop pests has frequently
been overlooked. In part, this may have
been due (o the inahility of carlier work-
ers 1o consistently correlate total plunt
pubescence with such general purame-
ters as inseet infestation level or crop
yield. As our cxperience with E. fubac
on ficld beans indicates, itis important to
identify the hiological impact.on the pest
of a specific trichome type. Other fac-
tors. including and
angle of insertion. must also be consid-
ered. This knowledge  should permil
more elfective sclection of insect resist-

trichome  density

ant cultivars.
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Cornell University.
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Fog Catchment Sand Trenches Constructed by

Tenebrionid Beetles, Lepidochora, from the Namib Desert

Abstract. Three species of coustal Namib Desert renehrionid heetles (Lepido-
chora) brild trenches on desert sand dunes. Trenches are construcied perpendicular

tor fog winds and concentrate maoisture during fogs.

The beetles return along the

vidges of the trenches extracting water from them. The water content of a poprlation
of these beetles increased by 13.9 pereent during one fog.

Field observations of three nocturnal
beetle species. Lepidochora dise oidalis,
L. porti and £ Kahani were made during
carly summer (October 1975 through Jan-
uary 19761, 10 the coastal African Namih
Desert dunes. These beetles establish
trenches on the vegetationless surface of
the sand dunes on mornings before and
during advective fogs. Trenching creates
two parallel sand ridges (Fig. 1), The usu-

al Incmw'mry mode, however. is to walk
over the surfuce without displacing sund
(/). The ridges trap fog water. which is
then taken up by the returning beetles.
During the carly part of fogs. the
beetles emerge on the barren sand dunes
and move in o straight line. laying out
trenches as long as a4 meter or more.
The trenches become increasingly con-
spicuous as the parallel ridges trap blow-
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ing fog moisture and durken. During this
stage the beetles are found at the ends of
the trenches. extending them. We were.
however. unable to observe the actual
trenching process because the beetles
stopped moving when contronted with
our lanterns. The water (the
weight ratio of water o dry siand in cateh-

content

ment ridees) was determined by collect-
g samples inovials with @ sealpel and
drying them. These samples contained
more water than samples of the st round-
ing surface sand (Table 1. The absolute
values varied with fog intensity. but the

atios of witerin the ridge pushed by the
trenching o the surrounding sand re-
matined approsimitely constant (. dis-
coidealis . 285 and 2081 for two fogs:
[ pord. 28001 for one fop: L. kahani.
4.060 1 and S.88:1 Tor two fogs).

During the later stuges of o fog. the
beotles retnrn wlong the ridges and flat-
ten them as they apparently extract muis-
ture. The content of the
Fidges o front ol five returning 1. dis-
coidalis was significantly greater than
it behind them (Table 1), This value al-
w0 varies with fog intensity and species.

mean waler

The ratio of water content in sand hefore
processing by these heetles to processed
wnd is 1Ol for Lo diseoidalis
PRL L For 2o Aahani. Ridges may be on-
Iv partially broken down before dinwn or

and

when Top Nty and.the ridees dry and
crumble. On other vecasions an entire
pidee system may be Mattened by the
beetle occupant.

he trenches ol these Lepidochaora
species are’ significantly oriented  per-
. A
bectle perfectly aligned perpendicular o

pendicular o fog winds (Table

the wind was considered to bave zero de-
sintion from the expected: random orien-
tationw ould be 45° deviation. The actual
devintion was for all three species orient-
el perpendicular to the wind. But, when
the bearing of the fog is Dighto trenches
are placed on the highest part ol existing
*and ripples regardless of wind diree-
Hons. S hen the wind s strongly direc-
tonal, the trenches are constructed pers
pendiculr o the wind and can diverge
prathedly from the direction ol ripples.
Ihe location of these fog-catchment
tenches on the dunes differs for cach
species, Lepidochora dinearidaliy concen-
trates on the dune slipfaces and especially
-the knife vdges of the dune crestst L.
Lodrant lives higher in the dunes than /..
prorti and makesats trenches on the almost

amooth or appled sand near e

leved
dune shiptaeet Lo porn bunlds its foe traps
on neatly fo & and.

Fhus yeveral characteristics of these
trenches amd the action of the beetles in
them show that they are established 1o

6 AUGUST 1976

Table 1. Water content (perventige) ul sands
from which two Leprdochora, heetle species
extracl water durmg tog. Probabihiny values
are Tar withinsspecies Comparisons ob waler
concentrations 1 s, I one cise the wilge
content of the ridge iscompared with that ol
the surrounding sand: i the other. the water
content ol a ridge 1s compared hetore and al-
extracts the water.

ter the beetle

Witer
content r

17

Species o

Redge versus sierroinding sand

1. discotdalts 11
Ridges k 4.03
.\'urinmd 1433 001
By uni 7
Idyes 6K2 .
Surround | 68 :
Hefore versis alter
L. discotdualis t
Hetore 280 0l
Alter |45 ’
1. ketftanmn 3
Betore 2 12 Y
048 :

After

trap Tog water. The trenches are Tad out
only during or just betore fog conditions
prevail. they are oriented so that they
maximize water entrapment, and  the
trapped water is depleted by the actions
of the beetles.

Uptake of fog water swas also estib-
lished directly by determiming the water
content of o population of £ discoidalis
belore and after o fog. A mean water ap-
take of 1388 percent of the ficld weight
These values were deter-

wis lound.

mined by collectng a sample of 20 spea-

Jable 2. Onentation of Lepids

mens in the field before and alter o log
and drying them for 24 hours al 100 ¢
Control samples of the same size show
no significant changes during similar in-
tervals. .

Observations of fog trapping have not
been reported previously forany animal
other than man. Numerots other desert
arthropoads in the Namib Deserts it de-
Jritos and plants 1o diink precipitated
water droplets (2)

Lepidochora discoidalis is Lrgely noc-
turnad but is wlso active in hate wlernoon.
Just before sunsel (). Lepidochora porn
and L. Aahani are strictly
Wind-hlown vegetal detritus, the traphic

nocturnal.

hase of the diverse Namib fuuni, is con-
sumed by Lepidochora when the detritus
hats o Tow water content (V= .93 per-
cenl. S.D. = 071N = 5). Detritus I8 o=
tlly neglected during fogs. w hen it can
reach a mean water content of 60.09 per-

UL NS = L3 N s P b
and would thus represent a patentially
far superior wualer souree. I he barren

and often vegetationless sands where le-
pidochora Tive Timit the opportunity o
colleet water by cating hiving plants. and.
when plants do grow m then habitats,
they are not H‘ym‘pm‘utcd into the dicts
of these becetles,

These observitions were made in the
central Numib Desert dunes. 30 kmon-
Jand from the South Atlantic Ocean. Ad-
vective fogs arrive thére betweeh mid-
night and daw nand osually dissolve with-

in 2 hours after suntise (). The pr g ipal

s hora tracks durng fogs

Oyppentation of Lk Cene
relatin e toow imnd direction tatien
Species N sienifi-
(- Ran- . viance
Range 5D :
served dom Bt (il
s
1. hafrarni 15 7. Jd4 0.0 10 36 S Tl A0
L. port 14 b 48 0510428 9. A0
I A 0.0 o428 7.1 ool

Codiveondules 25 60 45

4RS




cnvironmental conditions favoring the
cvolution of this fog-collecting behavior

appeatr to be the vegetationless sand envi-

ronment and the occurrence ol advective
AMary Ko Sty
Desert Ecological Research Unit,
Post Office Box 953,
Walvis Bay, 9190, Sonth West Alrica

Wit ast L Hasin tos 1l
Ecologey Institute, University of
California, Davis Y5616

fogs.
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Combustion Metamorphism in Southern California

Abstract. fn oseveral places

in Southern Califormia bitininons vediments of the

Maonrerey Formation—siliceaus shales, phosphatic rachs. dofonites, and arkoses—

were affected diring the Pleistocene

wibsirface combastion of organic nuatier,
Thiv evidative heating (eombistion et allected rock

were reid i'l."n".

compleves aver areay of fens of sqitre Litoomieters et tend tooccar inchisgess.
pesitlt o thiese processes, the rocks red 1‘\\‘\!:1,’4"'.':'1/.41111’;vm!m!h meelted to for psendo
s swlich inteaded the country roeks.
arelis difier from those of fgneons magmay.
well as phosplatic melts have formed. The
tollowing high-remperatiore minerals were
caleic plavioclave, diopyidic pyrosene, waollastonite.
patite, and jfluorite: at lower temperature PEiLe, GNP,

and liexativdrite crystatlized.

During the Tast few years. several in-
vestigitors have deseribed the formation
or mentioned the oceurrence of rocks”
which burned  spontancously (1) and
were, i consequence. affected by what
might be termed combustion metamaor-
phism. These rocks were originally sedi-
ments rich in organic matter. mainly bitu-
minous carbonutes, shales. or siliceous
rocks. Tor example. diatomites. Under
anitahle conditions. the uppermost few
hundred meters of these rocks undergo
spontancous combustion. The very high
temperatures developed during this pro-
ceas Trequently lead to partinl melting of
the mother rocks and the Tormation off
pretdomagmas: the latter hehave in o
way very similar Lo the hehavior of ordi-
nary magmas and form small-seale intru-
sions sueh as dikes. sills, and laccoliths,
In contrast 10 mMost magmatic oceur-
rences, stages in the formation of the
melts produced by combustion metamor-
phism can actlly be studied monteraps
in st Almost any Torm of naturally
occuring organic substance-—bitumimnots
matter. coal. oroil—can serye s fuel hut
the most ellective of these seems o be
Bitminons matter hecause of its intimate
desocintion with the inorganic consti-
tients of the rocks. Ocenrrences of com-

rocks
(2. Jordun,

now
the

bustion  metamarphic are

known from  Isracl

K6

Ve o tvpes are
determined: o= and fFeristobalite, quarts,

el s Tare ax the P9 contiry by spontancons

duriing which remperainres wp to 1o00 &
Ava

The Memical conpositions of these
Actd and intermediote siliceons melis an
senerally inomiseible. The

cordicrite, eraphite. fluora-
araconite, caleite, jarusite,
e
USSR G Tran G0, Indiat3 0, Australi
6. and Canadat7) . The ocltirrence stud-
ied in most detadl iy that ol the Hatrunm
Bosin in Isiiel (2080, where not fess than
130 minerals hinve been praduced by this
process (91 Combustion metamorphism
in uction was observed inthe Kimmerid-
pean oil shales of Daorsetby Cole in 1973
(1), and Cretaceous oil Shaledalong a 65-

km the northern coust of

streteh on

< Canadin Crsmoking HHIST are known 1o

have undergone burning forat least the
fast IS0 years (11 Incontrast. combnis-
ton metamorphic rocks in the United
Srates have rarely been studied. with the
exeeptian ol the Clinker beds ol Montana
(2.

Recently we hivve undertakep an inves-
tigation combustion
rocks at several places in Cualitornia: the
Grimes Canyon and Virgines Canyon

ol mdtimuorphic

arens. Ventura County. and three sepi-
cate localities near Sunta Mari, Santa
Burhara County (/) In all these local-
ities. combustion metamorphism has al-
fected rocks of the Miocene Monterey
Pormation. where itis particularly rich in
organic matler. Some of these places are
located within sproducing oil fields: the
participation of oil in the combustion
process can therefore not he excluded.
The rocks of the Monterey Formation
represent o broud lithological spectrum,

and those affected by combustion meti-
morphism are correspondingly varied:
they include dintomites, siliceous shales.
dolomites. phosphatic rocks. and even
arkoses.

The only Tocality we have thus far stud-
iod in some detadl is Grimes Canyon (/4.
S km south of Fillmare, Hereo the com-
bustion metamorphic rocks form an al-
most uninterrupted helt 20 km long and |
o 3 km wide. Within this belt. patches o
few hundred meters long hinve occasion-
ally escaped burning, Along some of the
canyon walls, metamorphic rocks crop
oul over o vertical distanee of about 400
m. Burning took place very recently.
probably in the Tate 19th century. nnder
the present topographical conditions: the
depth below the surluee alfected by com-
bustion is therelore not known. o the
latrorim Basin. where burning occurred
in the late Miocene, the metamorphic
rack seguence is 260 mthick,

About M pereent ol the Grimes Can-
von rocks are ghisses. some vesiculh
and shigpey and others dense and closely
pesembling obsidian, The ortginal melts
were Tormed by selective melting ol the
parent rocks. Many Monteres rocks are .
finely laminated. phosphatic laminae alter-
nating with athers poor in 7,0 During
the combustion process. the phosphatic
laminae becuffe molien, whereas the
more retractory ones recrystallized only
by sintering. The resultisa strongly Lumi-
mated rock in which stony hayers alter-
nate with glassy ones (Fia. 1) Wherever
anly small amounts of melt were formed.
the muterial solidilied in situ, but, as the
guantity ol melt increased. i1 was mobi-
lised and Tormed small intrusive bodies.,
Sills several hundred meters in lengthare
abundunt (Fig. 2. Veins and dikes. small
stocks. and oceastonally a luccalith also
occur. very similar to those formed by ig-
neous magmas. The central part ol the
ills and dikes is frequently highly vesicu-
lar. the vesicles being strongly elongat-
ed in the dircction of fow. Chilled zones,
dense und darker in color. occur on hoth
Gides. Melts, forming stocks, Treguently
continued moving after initial
fication und broke up inta a blocky
breceia, reminiscent of an ag lava field
(ava with o hlocky structure). They con-
twin numerous metamorphosed xenoliths
of the country rock. The country rock

frequently collapsed, owing to volume

solidi-

contraction because of the dissocintion
of carbonates. the oxidation of arginic
matter. and the loss of much volatiles.
Therefore. both collapse breccias and in-
trusion breccias oceur (Fige 3, The strue-
fre of the ariginal rock sequence is pen-

crally preserved, however, and beds ot
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