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ABSTRACT 
h 

The Atacama a rod Peruvian form a continuous belt for mace than 3500 km a.Jor.g <he 
escarJ)ment of the Andes from nonhern Peru to nor1hemmost Chile . T he!-e arid ac 
due to a climatic regime dominated by the cool, 'nor1h-flov.ing Hu mboldt (Peruvian) Cui--rent, At-

influenced b)··a stable; subtropical anticyclone resu lt in a mild, uniform 
climate nearly 'drvoid of rain, but "'i ih the regular formation of thick stratus clouds below I OC;:. ·; 
d urjng the V.-inter months. Where coastal topography is low and flat, the clouds dissipate inward en er 
b road aieas v.ith linle b iological impact. However, where isolated· moul)tains or steep coastal slopes 
intercept-the clouds, a fog-zone develops. This moisture allows the de\•elopment of plant 

· termed /oma.sformations. Th= function as islands separated by hyperarid habitat 
dev6id of plant life. Since gro"''th is depen.defli -upon availabk.moisture, an ofclirr;atic 
patterns is essential in efforu to interpret present-day plant distributions. Topography and subs:r.ote 

to influence patterns of moisture availability. The ecological requirements and tolerar.m of 
iridi,idual species uliimately determines community. composition. Species endemism exC:eeds 40% 
and suggests that the lomas forr.1ations have evolved in isolation· from their nearest geographic 
bor:s in the Andes. While the «rid environment is continuous, there appears to be a significant b.-micr 
to dispersal between JS• and 22"S latitude in extreme nonhern Chile. Less than 7% of a total flora, 
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T . . . . - ·· Standi.; _Gmel., Encelia _ \: . . \{\' d L:ustig ( 1968) _;t.ll:ern 
; . canescens.1sla:y . _ uc1spina Rauh '& brqngmarru, Heterosperma i ,· d. bJOmass ofT. latifo/ia 

. i ferreyrii H. Rob., No a _inflata Heliotropium · . .. ,_, · . · q 982, 1986). ·! ·• -. . .. -. ·· ' · : ' . o __ :r;.; 
: pilosum. Rtiiz & Pav6n, nd Senecio smiihianus Cabr. the northern / Above the lomas.communities, .\'eoraimondia are(J'..i.fpensis forms a 

---- - -- - .
7 -ir)osCstiil_ion--fo-rthEpred inaritl)' Chilean A;gy/ici radiata: (L:}D: Don. - . . . . ·.belt of colu-mnar cacti, a:lthouih its cierisit)· is· Jo'V.:. 'As 

' Inland to the northeast f Ch.ala, the Loinas de Cbaparra (faimara) contain . . .. exte · ive stands of Acacia macracantha. Prosopis chilensis, 
_ dense populations o( Grind iia glutinosa and Nicoti(Jna pani'culata·L. Relict stands ph)1e are present along the channels of the Rios I ea and Pisco·. 

_, _ ------ of small trees to 5 m tall o upy rav-ines at upper elevati??S and include Afaytenus of cult ' 'ated date palms suggest ·a dependable supply of ground 
-.;-----ocrogona (L'Her.)_D_C., Ca ·alpinia spinosa, _ __ so..i!s _ _:> dominated 

Myricanthes ferreyrae (Me augh) McVaugh. J:he latter species has been reduced by Di tichlis spicata and freshwater. sites supporting st,ands of Scirp·us::weakl)' 
_ .to a few hundred individ· als at a haridfuloflocal sites . . ·. devel ped dunes adjacent to the coast are frequently stabilize-d by Dist{chlii and j • . of ?ala an. d t .qu. ipa, a bro.ad cc. . . extend. ing · ·un; m,_· -If succulent halo. ph)1e. J?isfichlis is a partic. ularlyetr._ 
- . .. , ':'liorth to Canete (13"05 S ._North of the port City ofLomas, th-:r. li-;..Omas de Jahuay t1ve bihzer smce Its · d several meters m depth to trap shallow ground • --:- -· :·,_ire fhits· t m: including wat tables (Craig aM 19 8). • : . . . . . 

l ._ :.· . vi such . B twe:n Pisc? an !_jm;j, the _stal plain disa. the coastal 
1 · · · . · trum sandemanzz (San .) Hill & Fryxell, Courset1a . . . rerz, •· ph ogy IS domt ted by the foot lis of the Cord1llera Orodental of the Andes, 
' . Harms, N !ana tolnentel!a - · _ d A.nibros1 dental a (Cabr.) . .. · ' Th · ridges o ese footlu.1I.s se par te the numerous ri,.-cr valleys which c!rain 

bill on. - . . . ... ,,., ., ... , ' . . . . , An is area·. Geological evi nee suggests past land subsidence: in this region: 
-Lomas vegetation is no ·ell dev a aroun<fNazca; but e terisive riparian • v.ith broad valley· floors restricte to a few si:nall cci2.stal areas (Robinson '1964). 

forests of Prosopis chileriSis (Mol.) Stunti and Acada · macr_ ant ha Will d. are The city of Lima is situated at t e edge of deposits of one such valley where the 
present 1n river channels from near the coast up -to-- 2000 in ONERN 197Ic). · Rios Rimae andChillon merge - · 

important-riparian species include Salix.humboldiiana . 'illd.and Arundo ._. .. South ofLima,_tbe_Lomas _d Lurin (!2°17'S), Atacongo (12"08 'S1;_?nd A_man-
- t-. · -- · · pl nts.-Approxima tely ---------- - -'--- ----C.aes.( allsupport corn unities of varying diver-Sity with recru.dednumbei:s. 

12 km south of the city ofNazca, a small population ofBu esia retama (Gilles) of'3'0, 80, and 50 species r pectively. The common woody elements include 
Griseb. represents an disjunction from popul3.tio sin central Argentina .. Senna incamata (Benth.) I & Barneby, Heliotropium arborescens, Carica 
{Weberbauer 1939). . . . · candicans. Several primaril Andean species are recorded in this region, including 
· :. Ground V.·ater supplies 'of the coastal desert region of outhern Peru appear to · Passijlora suberosa L, Tou rettia lappacea L'Hc;r.) Willd., Steria meliss{(olia (Lam.J 
represent fossil water introduced during pluvial perio of the Pleistocene. Geo- • Schultz-Bip., Philoglossa eruviana DC., Ophriosporusjloribundus (DC.) J(jng-& 

t and meteorologJ. 'ea! conditions strong vide?ce against _ · H. · Rob., Stenomesson occineu_m (Ruiz .&- Pavo _ . geranifo!i_a 
I' are_being.re.PJenishe<L flow from __ ___________ u. _____ Pelexiq_'frl!J: __ spec1es 

posed high in the An&s. The foothills of the An es in this region are I gely ' are also present in dud ng Encelia cane se s, Trixis. para do. a Cass., Drymafia 
-m posed ofheavily fauited granites and "th no permeable .at ions paposana. Phi!., Cent a rium loinae, cia lomensis Macbr. Palaua mahifolia 

t _: ap ropriate for water up to !00 km . \he coast. ecipitatioi) is Cav., Urocarpidiumpe o lana gayanci (Gaud.)John t. , and N. humif'f.a l': ,; _ extr Io:"."and irregu}ar.' adciitiolls . .. _ , . suppl!es (Gouan.) Johnst. . . . _ ; . > .. 
' . must o IIDJted to ftashfloods m nver channels occumng Wltbrare heavy rams Three of the guano 1slands lymg offshore of the central eruv1an coast (San 

"J;;·. ' 

' 
.I 

:associated 'theE! Niiio phenomenon (Goudie and Wilkinson 1977). ' Lorenzo, San Gallan, and .Veijas) extend high enough to upport sparse. lonias 
.,,: .· · S!_eep coastal n _ v.{th a series of marine ·from south of ·c-ommunities. Johnston (1931) recorded only 19 f vascular plants-'(m •< ..: · IC<,\ to the Para cas' :P.eri!ri.ula near Pisco(Craig and Psuty !'968), Inland from these th.ese islapds, including one endemic, No la na insularis (J o . st.) J ohnst. (Johnston 

the' coastaf pla-in: ie's largely below_300 m, although individual terraces 1936; Fe.rreyra l96lb). . . . . . ' . . .· .. .. ' . . A .m (R b_inson 1964). The sparse v;egetation of'the Lof!!as de - In the immediate Lima area, anumber oflomas fom:l1'tions have been 
· Pisco have been de- disturbed or elim_inated to population expapsio_ft of the .last 60 years . . 

- · by Cra1g and suty (1968) and by a senes of PeruVIan government reports Lornas de Chomllos, CaJamarquilla, Cerro Agustmoj Manzano, among 
.. 19?} b : a_t ha;e F.rom Lima nonhv.:a;d, amplitude of.nrPrinl-

of a .few shrubs, pnnc1pally Encelza .cqnescens, m a matnx of· · tatwn mcreases sigmficantly and lomas commumJi'Ies mcrease dramatl . 
urea ."arid_.T.' Iatifolia ·ro_rming. n,arrow horizontal stripes diversity. F1oristically these communities show subtropical affinities 

"· .. ··. i949). atcum_ulate in to tbe .south: The Lomas de Pasamayo <p/ 38'S) 
. ;tpe lee each stnpe, enhancing the terraced commuruty (Ma- .. of a large bluff affronting ·the ocean at nearl)Y500 _m . 

. "'- ---' ., •. suzawa 1982). The biotic origin of these stnpes has"teen by Broggi community includes Loasa urens, Solanum. multifidum. 
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INTRODUCTION 

The Atacama and Peruvian D.:-sens form a continuous belt from La Serena 
(29°55'S) in north-central Chile northward for more than 3500 km to the Peru/ 
Ecuador border (5"00'S) (Fig. l). }.1odern scientific investigation of these areas 
began· \\ith the works ofPhilippi (1860) in Chi-le. and v-.'e-
bei'bauer (1911) in Peru, but our k...TJowledge of the flora and.geography of these 
remarkable coastal has progressed slowly. · 

These deserts ow•. severe aridity to a climatic regime dominated by a 
constant temperall:r ; aversion generated, in large pan, by the cool, north-flowing 
Humboldt (Peru'-Ytrt) Currept. Also important is the influence of strong atmo-

subsidence associated v.ith a positionally stable, subtropical anticyclone 
(Trcwartba 1961). The result is a mild, uniform coastal climate "'ith the regubir 
forrnativn ofthicJ.: stratus cioud banks 1000 m during the winter months. 
\Vhere coastal topography is. low and flat, this stratus layer d issipates inward over 
broad areas wi1h little biological impact. HoV.·ever, where steep c.oastal sloPes are. 
preseut·, this stratus la.yer forms a fog-zone concent.-ated against the hillsides (Fig. 
2A, B). These fogs, termed the camanchaca in Chile and tlfe garua in Peru, are 

_the.l:ey .to...the..cxtent..and diversity oLYegetation .in the At.:lcama .. and .F.ci:uxian 
De-serts·. Their moiswre allows the of fog-zone plant communities 
:ermed lomas formatic·ns, :V.·h ich !ii.:-rally small hills in Sp2Dish. Other 
authors have referred to the:se communities as the "fertile belt" (Johnston 1929), 
"fog oases" (EUcnberg 1 959) or "meadows on the desert" (Goodspeed 1 >61). 

Since much of" the available data· on the climate, geography and vegetation 
stmcture of the coastal Atacama and Peru,·ian D eserts are highly scanereC: and 
uneven in coverage, there has long been a need to pro\ide a modem S]nthesis 
for -region:-iopics covered ctiscussions.or o) the ·cJimate of the 
region and its influence upon the overall ecology, . (2) the geomorphology and 
ftoristic community structure of each desert, and (3) speculation on the age and 
origins the modern"day flora. 

COASTAL DESERT CLJJ\L-\TE IN \\'ESTERN SOUTH AMERJCA . . 
Three particularly climatic anomalies are present in the Atacama ·and_ .• _ 

PcruYian D eserts (Trewartha 196 1). First, extremely arid conditions exist for an· 
extended latit udinal distante (ea. 3500 km) '-'ith abrupt cl.imatic tran-
sitions both t.o the north and south.' As a result, a i's poorly developed 
<!long these margins. Second, brief periods of bea ... -y ramfall and relatively high 
temperatures occasionally affect the northern parts of the desert, bringing wet 
tropical These periods are associ.ated with rare, but El Niiio 
events. there is remarkable temperature homogeneity along the entire 
latitudinal extent of the deserts. This pattern of temperature stability results from 
the influence of cool, sea-surface temperatures associated with the south to north 
flow of the Humboldt Current. . 
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Fig. I . Geographic fe.>tures, including loin as localities referred to in text, v.ithin the At.acama and 
Peruvian 

Chilean Atacama 
• · ; - • 

The position of the southern geographic 'limit of the Atacama Desert is subject 
to a variety of "'iews, ·\'lritb rriost opinions favoring either La Serena (29o55'S) or 
the Rio Copiap6 (27°20'S), 280 km to the north. On a floristic ba_tis, La Serena 
is clearly the most }'lortl} 9f the valley of the Rio El qui at La 
Serena, the semiarid coastal scrub vegetation Is replaced by succulent desert com-
munities with fl.oristic affinities to· desert regions to ·the north. Although La Serena 
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Fig. 2. Diagrammatic of zonation coastal fog zone of (A) southern Peru 
(redrav.-n from Ellenberg 1959) and (B) northern Chile. at Papo.so (Rundel and Mahu 1976) . . 

receives less than 130 mm of precipitatior. per. year, a level far lower than the 
temperate margins of most desert regions, the is nevertheless influenced by 
occasional incursi.ons of polar air v. ltid·, pro,ide t_he winter aspect of the Medi-
terranean climate of central Chile. , Rio Copiap6, on the other hand, marks 
the southern limit of the extremely a·, ,' northern desert region where the influence 
of slowly moving air along the easti'rn margin of the Pacific anticyclone is a year-
round phenomenon which deflects polar air masses. Westward movement of air 

_massr;s Atlantic are effectively blocked by the high 
Andean Cordillera has few passes fess than 4000 m . As a result of these 
influences, ihe mean· annual precipitation drops from only 29 mm at Copiap6 to 
virtually zero through much of northern Chile (Fig. 3). · 

Values of mean annual precipitation reported for coastal cities ofriorthern Chile 
are the lowest for many long-term records in .the world. Iquique and Arica with 
nearly · 50 ·years of precipitation records average 2.1 and 0.6 mm respectively. 

these low_figures are misleading, however, because ofthe.extreme iafity of 
days v.-:ith precipitation. A. single storm that dropped 10 min. ofprecipitation on 
Arica in ianuary of 1918 accounted ·for nearly a third of all the precipitation 
receiv_ea by the city over the past ha}f century.ln fact, Miller (1976) reported that 
there have been only about half a dozen days in the past 30 years when more 
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Fig. 3 . Gradient of precipitation reduction with decreasing in central and northern Chile. 

than I mm of precipitation feU at any ofthe-toastal cities from Antofagasta north . 
Only about two out of five years on the average have ahy measurable precipitation, 
and drought periods of four to eight years are relatively common. Precipitation 
levels are higher as one ·moves southward in the Atacama. La Serena, at the 
southern margin of the desert, has a mean cif 1,2_7 mm -per year, but with high 
variability. · 
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A.lthough•ihe-. northern ·Peru,;lan ccii\stal''cities occasionally receive .torrential 
rains El Niiio condii:Jons, "irtually 
along the north coa-st of Chile. The maximum recorded precipitations for a 24-
hour period for .Antofagasta, Iquique, and Arica are 28, 13, and 10 mm respectively 
(Miller 1976). There may be some connection ·between these storms and El Niiio 
conditions, nevertheless, and nature of the El 1\iiio phenomenon.is discussed 
in more detail below. Johnston (1929) reported 17 mm of precipitation falling in 
Antofagasta on a single day in 1925, a_strong El year.· Other El Nino years •. 
however, have failed to produce increased precipitation in northern Chile. The · 

strong El of 1965 failed to increase precipitation levels in central 
Peru and areas to the south. In contrast, the El Nillo event of 1983 produced 
conditions leading to heavy rain·s from northern to sou\hem Peru, and a relatively 
high 7..3 :mm of precipitation in lquiquF;; 'but no notable rains further south 
(Romero and Garrido 1985; Rutllant ";.Nevertheless, the fogs appear to have 
been unusually dense that year, pro<b:in);( excellent fio:-":etifJe conditions in the 
coast4llomas formations I Y84). o- o:.{;, :_ ;; · 

Along the coast of northern 'Chile, cool marine air is Confined 
below a temperatt:;e inversion, \\lih a la;·er of warm dry air above. The mean 
height of the inversion at Antofagasta is about 900 m, while at Quintero in central 
Chile it is only 500 m (Miller: 1976). As. a result, persistent fog-z'ones of stratus 
clouds form below the invers·i'on and frequently extend hundreds oflciJometers 
westward out over the Pacific. These cloud banks are readily apparent in satellite 
photographs of the coastal area: lJsually, the cloud bank is kss than 250 m thick, 
forming between :4ocfand 800 rn inele•'ation: ·This pattern is quite - · 

·.different from that >een along·most oftbe Peruvian coast and central Chile where 
the lower margin of cloud b::.hk is often 200 m or less. 

Because the lower margin of the cloud bank (or fog-zone) is relatively stable, . 
as well as its upper margin beneath the temperatun: inversion, the lowest few 
hundred meters of elevation filong the coast north of Chanaral have surprisingly 
low relative humidities and qnly rarely experience ground-level fog. Antofagasta 
his a mean annual fog of·less than two days per year, while Jquique 
and Arica average 0.1 and 0.4 days respectively. By comparison La Serena at the 
southern-margin of the desert averages 26 days of fog per year and Valparaiso in 
central Chile has 54 days per year (Miller 1976). Coastal fogs also occur along 
the central Peruvian coast. , . 

data are available on seasonal frequency and moisture contents of the 
straius layer in northern c4ile. Muiioz (unpubl.) reported volume of moisture 
captured jn a rpechanical fog collector and the hours of fog per week over a 16-
month period in the fog-zone north of Antofagasta at about 800 m elevation (F:ig. 
4). His data indicate that fogs are important from late March to December, peaking 
in late spring, while the summer months of January through 1)1id-March bad little 
or nq fog. Earlier work by Espinosa (1961) at a nearby site found that fog condensed 
on collectors on nearly two-thirds of the days o\·er a 16-month· study period and 
no more than io consecutive ctays occurred ·without preCipitation. These patterns 
roughly parallel seasonal. vafues of mean cloudiness reported for .Antofagasta, 

· lquique, and Arica. SemiqUantitative-data on fog frequency and moisture content 
have also collected at Fny J orge m the semiarid coastal ranges south of La 
Serena (Kummerow 1966). 
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Fig. 4. Seasonal occurrence. of camanchaca conditions at 800 m e-levation north of 
during Data are shown for relative moisture capture by screens (solid line) and hours of fog 
per week (dashed line) . Adapted from Espinosa· ( 196 I). 

Fig. 5. Diurnal cycle of air temperature at coastal (Pan de Azucar), fog. belt (Paposo) and inland 
valley (Cancbones) stations in northern Chile during spring I 978. 



• I 
-

ODmL ______ _ 

;· 
1- . . 

_______ :] ___ •-•, .. 4.0: 

. ---e\·. ----· 
:anchones (960 m) . 
--.. -

·,. 
\ .. 

r.. I . /., . .,• 
/. • ·-· 

-o 14 16 18 20 22 24 2 4 6 · 8 10 12 14 
HOUR 

of relative burrudity at coastal (Pan deAzucar-and Cerro Moreno), fe& belt 
(Papos?) and inland '-alky(Cancbones) stations in northern Olile during spring 1978. · 

The relative stability of the stratus cloud layer frorri Cbafiaral to Antofagasta · . 
produces elevational zones along the coast: Microclimate data from. 
foui this gradient during the spring growing season in Septem- ' · · 
ber and 1978. Pan de (50 ni elevation) and Cerro Moreno (1 0 m 

..;·! 

Peruvian Dfs.ert 

The most prominent feature of the coastal cEmate of Peru, much as in Chile, 
is its f'l;.traorqinary stability. Dense strato4,:umuh:s- clouds form al <;>ng the coast 

· a}most continuously from May to October, .particulady in central and southern 
Peru. Prohaska (1973) described the v.inte:' cfl967in Lima, in which 90% of all 
days were overcast and continuous periodt qJ cloud cover remained as long as 
44 days. Clear skits occurred only 1.6%· of l-he tirrie .. over :this period. Such con-
ditions can be typical. The months, in contrast, are charac-
terized by clear anq sunny weather, although 'oycasional Clouds do form . 

Despite stable ·winter cloudiness in centrai Peru, \>.ith ceilings often between 
150 and 300 m,-fog-is-infrequentbelow humidities 
along the coast, are ·considerably. higher than those of the northern 
Chilean coast (Fig. 7). The pn!serice of wastai fog near. Lima has assodated 

. v.-{th calm Perjods of airmo.veinent, since the height is inversely 
related to. wind s·peed (Graves in Prohaska i 973). . ·- · . 
. .. The fog forms sirn1e .. rnallrier-as .that ' de; enbed for Chile, -as 

loss to the atmosphere oools the upper stiiface of the sti-atus'ballk. Fog 
is a steady winter feature of virtually the eritirecoastal region of Peru from Chiclay"o 
south. Below 100 in, fog i.s primarily a phenomenohofthe night and early mpming 
hours but it be Co!!tinuous in the lomas-forrnatioris fromlOOto 800 m. 
Studies by Prohaska (1973) at Jorge Chavez International Airj)ori, on the' coast 
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near that -. 
.. nearly' 900 houfS'· of :ofcloist llre: in rain 

· g'auges·. i'n :Ta.in Jomas 
vegetation and rock fog-zb;e intercept mpving'fog drOplets 

- _:and.act to .conde.nse d>nsiderable quantities of water.J1:· is both from 
plant structures and -outcrops, 'that the- 'ofpla.nt A.D ar-
tificial moisture capture system, a p)nmid four meters in height and 25m2 at its 
base, has been reported 10 trap as much as I 00 liier5 of fog moisture per day at 
the Lomas-de I..achay ·(OJ<a 1986). · · . 

- ---Precipitation levels are extr!;!mely low all alon-g-the-coa-sFofPeru;--but the-extreme 
variability of annual levels gives little signifi-Cance to mean values. There is no 
clear latitudinal pattern of change along the coast. Many cities in southern and 
ientral Peru have drought periods similar to those already for nonhern 
·chile. Pisco (13°42;S,_ 10 m elevation), for example, fog-zone and 
.averages only 2 mm yearly precipitation. Tacnain southenii't;ru sit.sinlarid v.ithin 
the fog-zone at 558 m elevation and receives44 lr.m _yearly, much of this fog 
d rizzle in August and September (Johnson 1976). The m2joi: proble.m in inter-
·preting climatic records- for most other coastal cities, ho-,Vever, is the 
rare episodes of heavy rain which may obscure the long-t<:rm pattern ofvinually 
zero precipitation. Some inland Cities receive ocCasional showers spilling over. 
from stratus in the Andes but these are less a heavy problem than those of the 
El Niiio years. · . . . · . . 

....... -Temperature ·gradients ·along the -coast of Peru-are stii;irigl)' moderated by the 
--- -----co6Ti"ngelfe-cts oftile'Hum boldt-:-cUn-ent:-6verall the ·-coaSt'Si:wwsa--

pattem ofgradu_ally increasing me'an July rr.inimum temperatures and mean Jan-
uary maximu·m temperatures rrio\·ing from to north (Fig. 7). The temper-
atures are remarkably cool for th(}se laftudes. In Lima, for example, winter tem-
peratures are 9 C below characteristic coastal temperatures at the same latitudes 
on the eastern side of the continent '(Prohaska 197 3). The dense cloud cover of 
the winter season dfectively restncts input of solar radiation and thus keeps air 

-----·tempera tures-srr·o·ngly-dependent-orcv;·aret Temperaurre-s:-A"s-a-resul nhe ·vvi n rer · · 
diurnal temperature extremes along the P.eruvian.coast'are rarely over-6 c (John-
son 1976). Clearer weather conditions in summer produce higher temperatures. 

El Nifio Phenoinenon · ·· 

The desc:ribes but of 
nonnal .manne of the Tropical Pacific Basin (Wyrtio 
19,75; Graham and \\'bite 1988; Glynn 1989). During these conditions, the coastal 

· waters along northern.aridlor central Peru warm eonsid.erably in the winter months, 
thereby breaking dcl\"n.theinversion and allov.'ing the intrusion of moist Pacific 
air .masses. This complex has been des-cribed in.detail (Scbweigger 
1959; Schtne 1968; Doberiti .I968; Prohaskii"'i973; Cavied<:!s 1975; Johnson 
1976; Graham and 1988): Jt was formerly thought that the Humboldt 

,:(Peruiian)'birrent by south-flowing c'urrents from 
di13jo not clear.. -

' .: l)le impact' of OD in western South America is 
well t9i5, when strong El Niiio eonditions were present. 

. Cbicarna 1 'S) \\'ith a -m·ean' annual precipitation of 4 mm per year and Lima, 
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v.ith 46 mm yearly, were by 394 mm and 1524 mm of rain respectively 
in that year (Goudie and Wilkinson 1977). Trujillo recorded 395 mm ofprecip-
itation in March 1925 alone, despite . a mean ann_ual level of 35 mm for the 
preceding seven years (Knoch 1930). Similar strong El Nino conditions occurred . 
in 1891, 1953, 1965, and 1972, v.'ith weak"er effects felt commonly but not in-
variably at abo_ut seven-year frequencies (Johnson 1976; Moseley, Feldman, and 
Ortloff 1981; Quinn,'Neal, and Antunez de Mayolo 1987). 

\\'hat is being estimat"ed as the most severe El Niiio perturbation of the century 
..._ beganin June 1982. By early · 1983, rains had moved ·d_own the le!lgth of coastal 

EcuaCl<;>r and Peru,ind showers continued through June 1983. The climatic effects . 
upon Ecuador wc::re devastating and have been summarized by Naranjo (1985}. 

ofiain falling in northern andcentral Peru was remarkable as well, 
v;ith torrential niins and associated catastrOphic-floods destroying homes, roads, 
;md agricultural irrigation systems (Feldman I 983; Dillon 1985). Piura, with a 
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Hinm, TJ:UJlllO 
-- .. ,-----. all of precipitation 

.. ·and April Y983 than 20-30-year 
i:bcorded did n 'o{ reflect.tbe' increased du-

--- _ These_'conditions Jeci to increases ·in diversity 
. . herbaceous vegetati<;m . thfoughout- Peruvian 

. and Ru'ndcl 1990). . . . · 

· . . ...; . . . . . . 
,;_; __ , ' A..'<!) VEGETATION_ OF THE CHILEAN 
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·. -·. of La Serena, the geomorpbology of the coaskl margin is · 
( ',': b'):tbe <;:ordillera de la Costa, a line offaultedcliffs which. iise abruptly 

plain fev.. ·_kil_ometer. sin v.7dth. The . . . .. -.. . . 

:• ·,principal port c1t1es of northern Chile are all built on 'this narrow plam-Anto- · . ·. · , -
.o., and Arica. Sandy are rare along ·mu::h _ ·-·· _ __ :.,:.:.__"___ , , - s. . . . • 

coast a,nd steep rocky escarpments are movements are actlve ... .._ • ... 
asr indicated.by the frequency of earthquakes . . Raised beach terraces are present 

. • the narrow ·coastal plaip., most notably bcn.veen Taltal and Paposo, and. 
·- ·- OfTocopiUa. These terraces, which indicate a pattern of recent uplift (Paskoff 

attain elevations up to 400. m, and even include occasional former 
. : rocky islands capped with preserved guano (Harrington 1961 ). South of An to-
. ' fa$asta the coastal an average elevation of 1300 m, but in the area 

Paposo tnesierra 
--.. -. Dome);ko of the An-dean c.Ordillera begins its rise s<?m·e-1 00::.175 kiD t:i:itnTeast 
.. - ---'--and .reaches heights of well over 4000 m. The presence .. ofthe $teep coasiales-

v.ithin 15-20 km of the ocean is largt:]y responsible for the development 
ofa rich lomas formation ar-?ED9 Paposo (Rundel and Mahu !976). North of 
Antofa,g.asta the coastal ranges are commonly to 700 m but may reach 1 ooa-:1 500 

this general pattern is broken by Cerro M oreno, a prc'lminerLt headland 
· horttrV.·est ofAntofagasta that ·will be discussed in more detail below. 

:: : ··' _:, A major change i.n topography _occurs just south of Arica at t2e f•0rthem tip of 
escarpment of the coastal range gives way .to and gently . .... ... ...... ... . . 

_ .. coastal terraces which are characteristic ofthe coastal zony-vf.southem Peru . 
. ._: ... : .. This. topographic change also . :v,jth an abrupt chanfe in floristic rela-
:; (see FLQRISTic PATTERN> AND coMMlJNrry STRUCTURE). . 

· · · · ' Several fionstic descriJ>tions, which include the eoastal Chilean Atacama: 
.::: ;;. h11ve been Pioneering V.·ork o( li-:-A:-i'jli1iJ)pT(f86o):-Reiclie 

: 1907,--19 contributed a of papers containing descriptions and 
· n·otes_ on the flora of northern Chile. Johnston (1929) and Werdermann (1931) 
. both descnt>ed the floD! of the nortl!em area from field studies in 1925, a strong 

-' - :- .:...·-El Niiio•year. Mui'ioz-Schick (1985) compiled a photographically illustrated flora 
. . for a portion of the southern Atacama known as the "El N<;>rte Chico" (north of 

.. . :. . · ,.:..l.:a J.,-:igua-Pet9rcato south of Cbaiiaral). Schmithiisen (1956), Rauh (1985), and 
(1986) pro-v]ded broad overviews of the vegetatio-n. Marti-

·- .. (1985) and bijardo {1987) have compiled eatalogs 
· . of flora of Chile. A floristic inventory of the coastal Atacama and 

Fig. 8. Coastal veg.;tation north Cbile, d ominated by Trichocereus coquimbar..us and 
·o xalis giganrea. · 

·-·-· ______ __ EeruYian Deserts (Dillon,-unpubl . .d.ataj,-inGluding-iield·collectionsand-herbarium 
material, was utilized in the' preparation ·ofthe full owing 'discussion. 

La Serena to the Rio Copiap6 

Along the coast north ofl.i'! Serena (Fig. 8), precipitation is sufficient to support 
relatively high vegetation C4)\'erage in a corrim unity v.ith representatives from the 
coastal matorral of central Chile (Runde.l 1981 ). Frequently encpuntered species 
include:.Trichocereus coquinibanus (Mol.) Br.-& R., Oxalis gigantea Barn., Lobelia 
polyphylld Hook. & Am., M}ir:·ianthes coquimbensis (Barn.) Landrum & Grifo, 
Puya chilensisMol., caustica(Moi.-)Hook. & Am., Heliotropium sreno-
phyllum Hook. & Am., coeiestis (Lindl.) Johnst., N. -crassulifolia Poepp., 
and N. sedifolia Poepp. dunesare dominated by No/ana divaricata (Llndl.) 
Jo.hnst and Terragonfa mariiima Barn:· (Kohler 1970), and species 
· (A ]C?ng}_(.q_mq.s.:d __ Lindl.; Ephedra _breana Phil.,.and -SJ...J'I ant h us 

Me)·en. N_ume.rousephemeral geophytes, inCluding Alstroemeiia spp., Te-
cophilaea spp., Leucocoryne spp., Rhodophiala spp.,' and Leontochir ovallei Phil., 
are present when rare rains fall in this area (Mui'ioz-Schick 1985'). . 

Desert vegetation of interior valleys between La Serena and Copiap6 is.much 
more sparse but regluarly present compared to the more arid regioris"to the north . 
North ofthe Cuesta Buenos Aires where the Pan American Hiihway leaves the 
coast, the rugged topography supports vegetation. Beginning about 40 · 
km south ofValleriar, ·however, the vegetation coverage increases markedly, and 
continues to north of the city. Succulent comiuunities with mound-forming species 
of Eulychnia and Tephrocactus are dominant and the shrub by He/iotropium stem)-
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· m on: Shrubs ·such as · , .. -· : ..• 
A microph'ylia Hook.' &.Ani.' and Ephedra; are imp<?rtailt b_abll2ts. . -. . . p(mioif 'of 

.Between Vallenar and Copiap6, vegetation is virtually or to.ta??' absent .over . . communities' of 
·eXtensive areas. Both. the climate and effects of man's have :t>een nescens 
-important in producing this arid landscape: Thin veneers of cove_r gentle short:li\;ed in' favorable habitats in-clude, Perityle · · · 

over much of this region. such as, rad_rata (L) nothera coquin1bensis ' Gay: Adesmia laristipu!a Phil.,. 
D . . Don, Bulnesia chilensis, Encelia canescens Lam.,Frankemach;lenszs Roem. (Hook. & Arn:} Reiche, CruckshrJnksia venici/la:a.Phil., Fagonia 
& Schult.,.Caesalpinia angular a (Hook. & Am.) Baillon, (!--fey; ____ &_,yn., ;,_nd _ geophy1es ... ,._,"''"U-LJJ 

· -- ---..,--e'ri)-Walpers; .P . ·poeppigii· (J::ess;) ·Less;, 1Volana -rostrata·(I:;ipdl;}-Mlers;·and A.-- · ···· - · ·· in this are<! when sufficient moisture is aYailabk . 
. pteri>carpa Phil., are the species along many ofthe.Pan _The coastal strand imd dune formations of the littoral belt fromthe Rio 
American Highway. Although occasionally fog does these inland to Chaiiaral possess manyuftlie same found in the interior add;t;;,i:,;;;: 

_ it has effect on the vegetation. Licbe?s characteristic species, such as Nolaru:. #.>\•an·cara. Heliotropium stenophyllum 
__ _ · of.ihe however, does allow . .:.ntlme & Arn ., B . linearifaliuili ·Ph it;. H. Tl.' '' riophyllum Phi!.; Oxalis giganrea • 

.. -air support scattered populations of .. toe rocky sporus triangularis :!-.·fey en, Ephedru .:udir..a C. A. Mey., Eupho_rbia lactiflua, 
billsaroun'dihe city nearly 50 km inland. : , . : :;\, ;:; .-.. . . . . · Bahia ambrosioides Lag., Senna cumingii (Hook & Am.) Irv..in & Barneby var .. 

•' NOrth ofLa Serena, agricultural activities are lD the . coquimbensis (Vogel) Bameby, Te!ragonia maritima, Tricho,cer(!us eo!. . . 
rive; of the Rio Huasco around Vallenar and Jhe' Rio O:p!apo around quimbanus; and .. acida PhiL (f(,ohler 1970; Reiche J 911; Opazo an·J ·:L .. 
Copiap6. J:,xpanded agricultural years Reic'he 1909). Immediately to the south of Chc.naral, several species find 
have completely surface flow m the Rio Huasco of southernmost distribution, including pinifolium PhiL, __ 
extremely -high runoff from the Andes (Lloyd 1976). er ta le · dra ericoides ·Adr. Juss., No/ana aplocaryoides (Gaud.) Johnst., and Tiquilii:r" li-> 

. shallow however. Dov.'l1stream from Vallenar, natural summer · tora/is(Phil.) A. Richard ... ·-.-- __ _ _ _______ ---- -----,c - -- ·---- ··- :. --·' - . :. -- - -::--jl 
- ·-·- r-esult ea' iii-rapid _ _ ___ . .varietycof species.of-IGW-g.Jobular-caC'li-?re-also ·present; most-notablcl\'e-o" .. · · <' 

its us-eby-nitu-r'iifvegetation and agriculture 976). f.ormatJOns near chilenia and Copiapoa. Several species of Copiapoa form broad, 
-Huasco support a well-developed cover ofbalophyt1c spec1es, most notab_ly _Sar- mounds. E ulychnia iquiquensis (Schum .) Br. & R., an arboresCent cactus r:eaching 
cocorniafrurfcosa (L) A. J. Scott_., Carp6brotus chilensis (Mol.) N.E. Br:, _DLs:Lchhs . 2-3 mm in height is present as , scattered indi\1-duals. Total vegetation 
spied/a (L.) Greene (Kohler. 1970) . . Some sm.aller valleys ansmg 1.n the averages 15-20% over much of the area. Coastal fogs descend to low elevations:. · 
foothills of the Andes east ofVallenar have 1mpounded ground water supplies as along this portion ofthe coast, supporting a considerable diversity of saxicolous . 
a of faulting along their lower -margins. These valleys _water and corticolous lichens. · · 

for such cities as Domeyko and CastiUa. Tritium evJdence has mdJca ted Ground water resomces near {JJJl.par:al .are highlv.restricted. -TheJac.k-o,_ 
--.-- rhanne·se·are- (ossil water human usage-hanlrarriatrrally lowered Jarg-;ly due to limited -catchment area in the Andes. 

tables in the past 40 (Lioyd _1976). . - . . · · . Areas which were once the upper elevation of this river have been 
·· The narrow valley of the Rio Copiap6 is heavil)' used for agncultural produc.tlOn tilted. to the northeast to form the Salar de Pedernales with internal drainage. 
from 40 km of Copiap6 to the mouth. Salinity problems are prese.nt, Ruiwfffrom the.Andes flows onto the salar and some of this as ground. 

and stands n.ativ,e A trip/ex become inc_reasing]y frequent water flow into the upper Rio Salado where the river is perennial for Se\'eral. 
Increased use of water in recent years for both 2gricultural and mmmg kilometers before it infillrates into alluvial deposits. The high salinity of this v•atei}: ,, _ 

have lowered the er table som.ewhat 1976). makes it of iittle value for plant gro"-1h._ Dissoh·ed salts in springs at El · :. -: 
· valle):s iJl ·the Rio Copiap6 drainage, which on.:e ha? stands o.rnatn'e vegetatiOn east ofChanaral are over 73,000 mg/ g (Lloyd 1976). Trace eletnen_t . 
aJld limited are now largely apparently due to ex- is also a problem.v.1th 1-3 mg/g of arsenic arid 15-20 mglg of boron in the' ;.;· 
haustion-'offossil ground V.'ater s·tipplies. . - . . . . • .. , -.. . . . ·. (KJohn 1972). Potable water supplies for Chaiiaral are -piped from the .. ·, ;, 
>Historical records indicate that the valleys of both the Rios and Valky. .· . · .· . . - · - .. . · i:: _;,,r: ,-
once SUpPorted dense stands of phreatophytic'irees:,:VaJienar,founded 1789, . 
wasorigmall}: occ_urripg in' tbe of 

·the City: Flooding of the :RioHuasco in_l887 uncovered a large of Willow 
·trunks near the mouth. of the river (Klohn 1972). Copiap6, lD 1 714, was . 

. , once-krio\\il as San Fran'cisco de la because of the extensive and dense stands 
of-trees which covered the valley (Klohn 1972). ' . 

. .. . 

Chaiiara! to Antofagasta 

The coastal re&ion between Chaiiaral and Antofagasia is the 
nouneea .endemism \\itb a large numbeT ,of restricted to .. . . . ... . 

,. 



.. - . . .. :. •.· .... -:.· .. · . . ·. ·': ··> .. · .. ·. :,, .. ...... , 
to"ihe)fortJi ,of.south. The flota region . . . 

r ··; · V:-2s the focus ofR. Prulipp1's firs( collecting efforts· in Chile .(1 cul-
.ril.inating in the F,torula Atacamensis {1860):_ is, therefore, the type locality 
for nearly 200 of Philippi's described fro-qr this region. During the last 

. century, a few .other notable collectors ,;sited the area, mcluding F. San Roman 
. . (1883_-84), A. Larraiiang (I 888), A. Borcbers imd L. Darapsky (1889). 

1925, I. M. Johnston intensively collected (just south ofCbaiia-
. ,:·raJ) 19 near Miguel Diaz. _(Fig. 1). Werdermann also in northern Chile 
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1925 (Werderrnann '1931). .· . . , .. 
. . . The vegetation in this area is largely reStricted to the coastal escarpment 
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_ the initial portions of numerous quebradas that traverse it. These quebradas ar\! en 
< essentially dry river valleys formed during past pluvial periods. The greatest 
_:'. ai.versity and density of plant cover exists v.ithin ihe quebradas, from their mopths 

NOLANA !Annuals 

perenn,qls 
···''·. near the coast to· distances of 5-20 km inland. 'As ·the quebradas increase in. Bi 1 

; .. elevation, plants do extend above the 'upper level' of the fog at 900-l 000 rn. Ll.. .. ·. 

. Many of the which only element.s further to the south, _ 
. .witb-exce.ptions nearl)'..-alLthe eri- · w · _ 

·· St.rubs ..: 

countered in north ofCopiap6 can be fotlnd in tlus area as :- --- I 
shrub by specie-s primarily confined to. this reglori Anisomeria littoralls · ·. 

: 

(Poepp. &. End I.) Moq., A trip/ex taltalensis Johnst., Berberis lit ora !is Phi!., A des- . 
mia ,•iscidissima Johnst., Croton chilensis Hpplopappus deserticola 
Phi I., Steria hyssopifolia Phil., Gutierrezia raltalensis Phil., Senecio almeidae Phil., 
,'fontJea chilensis Gay, 1'-licotiana solanijolia .V.'a1p.; Teucrium nudicaule Hook. 

- .-. _·and.Balbis.ia_p_g.dunQJ_lp;is (LindLj D. Don. This.iegjoo :Center of diversity for 44.5 4 Q5 3E5 32 5 28.5 24.5 · 20.5 16.5 
---faini-ly.:.Nolanaceae.(Fig .. 9),_v.'.ith seYeralspeci_es.fypfcall..,··occu.rf!!S_sympatri'cairy-. - --. ·---· : ______ :.._ 

4.5 ' 0.5 

____ _ Fr:quent_ly encou?tered (Phil.) Johnst., N. -sd!so- . .. . .. ·- . · . orspe.:morNolana. :A Iona No/ana) along·a-latitudinal in 
/01des (Lmdl.) Johnst.;-·N.,sedijo/za, N. p_erzman(l;(Gaud.)-Johnst., N. leptophylla relation l)ata from Johnson (1936) and Fem)Ta (1961 b). · 

. . (Miers) Johnst., N. vil/osa (Phil.) Johnst.; irn(]N:aplocnrj:oid.es. · · · . - ... · ·· · · 
- .. At numerous locations within the region; buttypiadJy within the lower reaches 

·: .. -:- of quebradas, underground aquifers make their way·to the surface. .the . 
is trapped,due to catchment lopogi-apliy, -of highly saline water, 

aguadas, Nearly J occur v..'ithin this 
;C;·:.;,sector. Communities are (;fino_r-e typically arid 

,: · ,. _rrux:_illensis H. .• Cyperu_s /ael•igatus .L ;Cc,ji1a coronopijolia L., Baccharisjun-
' :;. ·. cea (Uhm.) Desf., §cirpus:cernuufVahl, Limonium p/wr1osum (Phil.) Kuntze, 
f· a cut us L.: Distichlisspfcau1. and Zannichellia pal us-
_ . 

dimensions when sufficient wat_er is available. 
Several species are notable accumulators of salts (Rundel, Ehleringer, Gulmon, 

:;uid Mooney 1980),' arid slopes near tlie coast are marked with wl!ite 
halos of salts marking sites where shri.ibs once grew (Fig. 1 0). The foliar content 

a-- remarkable · 20-40%-·(Rundel et at---1980), 
prOducing a highly stable ·shadow" in this dry climate. The·most comn:wil spec;ies 
producing these white circular spots is No/ana mol/is, a long-lived perennial shrub 
common in quebradas. The-leaves of this species are covered with salt glands and 
water. has been 'shqwn to condense on its leaves in unsaturated atmospheres 
(Mooney, Gulrnon, Ehleringer, and Rundel 1980a). Other salt accumulators in-

rlude Gypothamnium pinifo!ium, H eliotropium pycilophyllum, T etragonia mar-
i;i/na Ban}., Eremocharis frutic,osa Phil., and Frankenia chilensis;_ 

In the an:aaround Pan de Azucar, the communities below the fog-zone 
have beendescribed in some detail (Run del et al. 1980). Two types 
are !0!'1e. of low SUCCU)ents with virtually rnonospecifi.: 
of . .&'R . var. columna-alba (Rittei')Backeb.'or C-haselffl.n:ana ··, ·· 
Backeb. Gulmon 197?;'Gulmon·, and 

"f979; Ehleringer, Mooney, Gulmon, and Rundel 1980). Small subter-
ranean cacti, as Keoehile.nia malleolata (Ritter) Backeb., are also prese>Jt 

____ , __ _ ·19 6 7 washes ___ _ 
fonn a community type cRundel et al. 1980). The species 
are No/ana mol/is, Heliotropium'linearifolium, Gypothamnium pinifolium, Dxy-
phyllum uliciniun1 Phil., Euphorbia /actiflua, Tetr.agonli/ maritima, and Erec 

. mocharisfruticosa. Eventne den9est stands of these shnibs do 1-2% 
cover, and the great-majority of the landscape tacks vegetation of any kind. Annual . 
plants are rare in most years, but were abundant in -1987. Large of coastal 
terraces Pan .de Azucar to north of Paposo were covered by annuals, most . 
predominantly No/ana aplocaryoides, at that time. The zn'oderately low relative ' 
humi9ity thin this area restricts .lichen gro\\1h to -a few xerophytic crustose 
species (Rundel .1978). · - · · · ·-
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Fig. I 0. ll'olar..::; ,·ill os a halo of salt from deromposing leaves at Paposo, Chile. 

The slopes above the small mining village of Paposo (Fig. 11), 50 :)un north of 
Talt.al, support tbe richest development of fog-zone vegetation in northern Chile 

. with no fewer tban 120 species of flowering plants and ferns (Dillon, unpubL 
:data): This development of vegetation results directly from the special topographic 
c_onditions at where steep coastal hills, rising over 1500 m, form a barrier 

. against the movement' ofmarine air into the interior valley; (Fig. 2b). As a re.sult, 
str;iltus cloUd Below forrris fog between 300 m -and soo m, 

. which allows a considerable condensation of moisture and protects the slopes 
·from desiccation of sun. · · · ··. · · · .· · · . 

· ·' ·The _centr.al fog-zone· at Paposo isdominated by lactif/ua, reaching 
.. · : ·':hei&ht.sof2 rii or inore(Fig.·l2), and Eulych.nia iquiquerisis that reach over 3 m ;· .. ;·,:··(Rl\ndel ahcfMahu 1976). Vegetation in zone·occuis from about 370 

. .. . ' rn 'to 640_ m and corim1only rovers 50% or inore6fthe ground surface (Fig. 13), 
?f:'.:: ,'"· ·_ to than 5% total plant cover on the coastal plain below. Other 

• • • . :_- • · . ·''-· ·. ··· , ·, - - I , _ -- .. • · · · , lmport.ant ·shrub by species are Tricochereus coquimbanus, Oxalis gigamea, Lyci-
,_ .. · _· · U!7l stenophyl/um_Remy, Prousiia cuneifoliaD. Don, Croton chilelJ.SiS and Balbisia . 

pedunculans. : include Viola /itoralis Phil., V. polypoda Turez:, 
,,,/· - Cruckshanks_ia pumila Oos, Alstroemeriagraminea Phil., Malesherbia humilis 

. - !.": 
. Fig. 11 . Euphorbia lactijlua ar the lower margin of the fog zone vegetation (ea . . IS() m) at 
Chile. 

Fig. 12. Central fog-zone vegetation at Paposo, Chile (ea . 440 m): dominated by Euphorbialdaijlua 
and Eulychnia iquiquensis. . . . · ·· . 

. · - . .. . -

Poepp. and glabra/a (DC.) Meigen. Relative j.n this zone 
. seldom falls below 80%, at least during the _spring and Win seasc:)ns, 
at 100% for long of time when the stratus layer is well The 
humidity is nonnally'l}igh enough to support a-lush growth. oflichens a.nd con-
densation is sufficient to allow the epiphytic growth of Tillandsia geisse(PhiL In · : . \ . . ' 
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1987, after ari apparent period ofproloJ?ged drought, epiphytic lichens 
--...;- an-d·T: geissei were largely absent_ from the Paposo fog-zone. . . 
. ...:.'-- "Abov·e -arid below this centra} fog-zone the coverage of spec1es drops sharply .· 

.. · ·_· .:::::-·. :Hie growth-forms of the domimiteschange C:ig. 13)._ 'Ybile !actiflua 
.· · , and other tall drought-d-eciduous shrubs donunate th1s zone the of 

h 

: ·: suCculent cacti low increases away . from th1s 
(Pbil.) Mez and ' Puya bobvzenSIS · 

along the c:Oastal fiats and the low:r margin of 
at about 300 rri. Unlike the terrestrial Tillandsia _spec1es common 

·-;r'W7 ::.-' to 'the'"Peruvian Desert, these are rooted species. ·The coastal plam below the 
. ·• : .-.. 1 --- • 

:_•:; communities similar. to thoS'e at Pan de Aziicarto the south. Above the uppermost F . 14 . . . - . _ 

<.., 

· -· . · ...... ,... - .-····.- · -- - 7.... . .. - -- c· • · d · ·become 1g. . Barren hills liTimcdJately above the fog zone at Paposo, Ch1Je (ca.- 900 m) . . ·· ·' "Iimitsofregular fog occurrence at _about 800 m, opzapoa stan s agam . . ,-... . ·. . . _ ___ _ 
'·:?{;;::::' :. : :"\ with" Polya"chyrus cinereU.s R.icardi & Weldt, Oxalis caesia Phil., Fig. 15. Copiapoa ; ar. at Pan de Azucar, Chile. Note stem 

':"' sien"ophy/la Johnst., N. vil/osa, N. sedifolia, and N. peruviana. Some shrub . , .. orieniation facing towards the nc:ii-th . . - . .. . . - . • " . 
: . ..;·,;: · .. . ·- : as GypothamniumpinifolliimandThuqiiiiagiYiilidria(Hc>ok-:-&-Am:) __ - : -. _ _ _ · --

;?' '. ·-Hook.'& Am. occur both beiow and abo;ve the fog-zone (Run del Mabu -1976; · coastal slopes along the Pacific Ocean becOmes increasingiy _· sparse." The slopes · 
1929) •. The ltighest extreme of plant life along the gradient is ·-- . · and coastal plain around Antofagasata are virtually free· of an:Y vegetatio!l except 

by the shi-ubby Loasafruticosa (Phil.) Urban & Gilgat-1060 m. Above this pomt, ; .. scattered individuals of Eulychnia iquiquiensis and various Copi_apoa species. 
F. ·re' ... ·.·. marking ihe extreme limit of fog influence, plant life is absent (Fig. 14). Within Quebrada La chlmba, northeast of the :vegetation tends to oceur 

c :__ c Of lh< w<ll'd<V<lop<d fog-zoo< of the Paposo region, V<g<tat;on on th< along·th, m.,.;ns of <by riv" whcre runoff conoenti-at.,. ) ohn<ton (1929) 



.. .. . _.. : , .. ·' · .. ·.;·· 7 "'"' ;•;.>::. ·. · · .. :· . . .,:;: :.. , .: ·-.,:. ,, .. ·":;< .. ,", .. 
..... .. '' ·'"'collected in 1925 ob tamed . · · · · · measurable precipitaJion ·may 

. species; that the .. ;water supply for CopiqJ? :. · .. 
number present IS nearly 60 speoes (Dill on, unpubl: data). . ·• . . · · on the . storage ofthe cactus stem. The total stem 
. C.erro Moreno, a,prominent'rock)itbeadland north of the city of Antofagasta, at Pan de Aziicar is mi.Iy about llitei m-::!, .an amount muchtoo f 

.. ___ fog vegetation op its southwestern slo:Pe at a relatively J:ligh eleYaticin (Fall- .. a ofthe water supplied by precipitation 
mann 1967). In contrast to the diverse community structure at Paposo, to the • A mature Copiapoa tail could be expecied to 
south, the Cerro Moreno fog-zone is poorly developed. The number of for I 43 days using its stored water, while a young plant 2 cm tall could 
plant species is less than half that ofl.a Chimba v.ith only 28 sJ)ecies recorded. maintain 48 days. From these it appears reasonable to 
Vegetation along the coast below the fog-zone is virtually absent, V.ith only a few that individuaJs of Copiapoa must maintain very high stomatal .. 

o(Nolariaji"iir;JViana:Several speciesand-Tetragonia ... ___ long.periods of time during extended .drough_tepisodeslo.pre.YenLwatedoss cuw-·c .. ': 
angus:ifolia increase in importance with increasing .elevation on the southwest secondly that young plants would ha\·e much greater problems than large 
face ofCerro but coverage i_s still verx,Jow and almost entirely restricted in positive carbon balance during these drough!s. 'Difficulty of es-" 
to washes. The lower margin of the Cerro Moreno is near 600 m and : conditions of vel)' irregular and infrequent rainfall, -. 
is marked by scattered populaticms:of The maximum development of . _ th•n competition fo!: water is the primary limiting factor of . ,., ,. 
the fog-zone occursfrom 800 to 1000 "D1eshrubstrata is most notably absent, dernny m Copiapoa. · · ·· ' . · ·-- • ::' • ->::-"l 

· V:ith only a re-;,. species presen1, such .as, Hdiotropium pycnophy/lum; Ephedra utilization of water ·is of ver:y great importance to the liUr:•'ival · o( 
brearut Phil., and Lycium deser.ti Phil.. Annual and perennial herbs Cy- _. and it would be surprising to find characteristics of -gro.,1h form, ·:{ 
nanchum \·iride (Phi!.) Reiche, ·Viola polypoda,- Argythamnia canesc_ens (Phil.) F. - morphology, and physiology that enhance the ability of these species to survive • ·,-, 
PhiL E!.!lychn ia iquiquiensis is dominant, as at Paposo, but the vigor of this species . ..... !vng periods of d_rought: Indeed, such adaptations are present. The mo£t signifiamt . ·. '-': 
is poor. Two essentially nondesert species disjunct from central Chile,_ A.caena of tf.ese adaptations in Copiapoa is the characteristic orientation of stems in a · 
trifid a Ruiz & Pav6n and Colliguaja· oc;lQrifera MoL, have small P()PUlatlpns per- · .J.1_ortherly direction (Mooney et al. 1977). By aniJ_ing nort4, C,op[apoa gains.one 

_____ at the th(most aspect of the flora is the lush cover . s1gnificant benefit by reducing tlie heat load on the sides of the cactus {Ehleringer 
____ . ____ ofJicbens_on.Eulychnia_arrd Cqpiapoo,-ancroii .. soiland rocks (Follmann -- - et al. -1980). -This positioning is partic4larly signific.ont during-late summer-and ___ . 

These latter terri col ous and ___ when- the- sides-of-Copiapoa-species- rnay-be-absorbing-on1r1Q.-.80% -of-the-. 
green: alga Trentepohlia is so at Cerro Moreno that it colors many of energy taken up by randomly oriented cacti. This effect is· accentuated by the 
the Eulych,nia brick rl'd. It is ipieresting to note in comparing Cerro Moreno .and presence of a reflective ""'ax layer on the upper sides and top edges of the c.octus 
PapoSo that atmcspheric conditionserla,bling the development of unusually lux- Reducing quantu:n absorption of its sides is a clear in main-
uriant lichen growth at the former site are not sufficient to affect vascular plant tammg water balance over long drought periods. Studies with ·other groups of 
growth compar-ably. , . cacti have shown that daily carbon gain is directly proportional to dail\· quantum 

species of the Cactaceae utilizing CI·assulacean acid (CAM) absorption (No bel 1977), and inversely proportional to level of water (Sza-
form aver)· charactensticasj)eciofcoastalareasin- this ·part of the Atacama ··· 1977)- Ehleringeut aL(l9RO}.have.therefore_ __ 

In general, .the water -relations of cacti are poorly studied, but "studies of suggested that Copiapoa species in the arid Al<lcama should require relatively · · 
the genus Copiapoa have pro:ided insight into now these species are adapted to quanta to reduce C02 captured during the previous night. 
the sevl!re drought of their habitat. Copiapoa cinerea var. columna- A second adaptation of northerly orient<Jtion in C9piapoa. not directly related 
alba at Pan de: Azucar has investigated in the 'most detail (Fig. 15). Despite to water relations, is maxlmization of heat interception in ihe meristematic 

. a.re,l.ati,·ely J{igh plant of nearly two plants per square meter _present in and reproductive regions on the top of the cactus stem. Since air 
·.·pure stands. of this Copiapoci, ihere is' no indiC.ofion that competition i.s affecting peratures are relatively cool during the spring along the .coast of northern Chile 

stand de'n'sity (Gulmon . et ar: .1979). While the ratio of horizontal root area to (15-20 C), increased. temperatures (30-40 C) in the meristematic and ;eproductive 
. . ground surface area exceeds 1.0, the mats of fibrous roots are neither uniformly areas_ on the top of the cactus ste'Il) enable more rapid gfOWth:. The angle of the : ;: 

nor densely branched. Mean annual precipitation ·at Pan de Azucar is cactus stem, as well as its orientation, is important in this effect since the angle . 
' less than 25 mm yr- 1 ' but this input exceeds the maximum potential water use strongly influences the absorbed quantum flux. Simulations by Ehlennger et al. . :.:' 

··· . : 'of the stands. A preCipitation level of 25· 'mm yr- 1 equals 25 liter m-2 (1980) suggest that the angle for maximum absorption in spring (the time 
yr:- 1 ·Assuming a minimum surface resistance to water transport of 5 s cm- 1 and wheri flowering is initiated in .Co,piapoa) would be 50• ·in northern . Chile with .' 

. a boundary layer resistan-ce of 1.5 g cm- 1 (KJuge and Ting 1978) and using quantum abs"orption declining rapidly below40• and above 60•. The mean mea- · · 
-: meaSttred spring envir()nmental \riilues of 15 C night temperature, relative hu- sured cactus body angle .of Copiapoa cinerea , ;ar. columna-alba is 52•. The in-
. ranging 'from 50 to and 10 hours of nightly transpiration through beating of meristematic and reproductive regions of Copiapoa may t>e' 

CMI, maximum use in stands Of Copiapoa at Pan de Aziicar woulq · indirectly significapt for water relations since this condition hypothetically reduces 
be_ to 6.0 ]iter m-l yr"-l ·et al. 1979). the necessary length· of reproductive growth and thereby would allow maintenance .,_ 

" 
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" .,. ·:·.;of higl1erf.sterq :resistances for longer periods of time than would be otherv.ise 

· is.iriteresting to note a southern (equatorial) orientation is 
,in:·5e .. ·eral species· of Ferocactus in the Sonorari Desert of North America (Hum-

. • • ._ - "' 1 • ... \.... • L I .... A. l\. A 

times.invariably mark the sites ·ofartesian springs: Potable water supplies for the 
principal port cities of northern cliile atibeseJatitudes must be piped in hundreds 
of kilometers fro'm the in the Riq Loa are unusually 

. high in lithium, boron, and arseniC; \..{th the forrrier .two''eiements in .very high 
concentration in plant· tissues {Riindel Palina, unpubt:·data). The high con-: · · .. ·' · ·. · · · · - · · 

• . . . centratJC'JlS of arsenic, w}).ile not accumulated in-j:>l::ints, have produced si.gnificant 
. Aniofagasta to Arzca . . . .human health problems (Klohn 1972). Characteristic plants along the Rio Loa 

coastal zone, extending from north of Antofagasta to has ex- . and other areas of the central valley where artesian springs are present include 
·t ely low species diversity and dens1ty. Along the .abo' e 500 m, . Pluchea absi?tthioides (Hook. & Am.) H. Rob. & Cuatr., Distichlis spicata, Atriplex 
· individ-uals of EulJ:chnia iquiquiensis and Copw!;oa are atacamensis Phil. and Acantholippia trifida (Gay) M old. 

sparse vegetation developed is a o: the dlstnbuted south 0 : Widespread fluvial deposits and dry in .the Pampa del· Ta-
The communities near CobiJa, With 15 species and marugal demonstrate that wa.ter has had a sigp.1ficant mfluence geomorpho -

illa ·with 60 species recorded (Jaffuel 1936), onl! a few endemi.C species. logical features during the Quanternary (Borgel Heavy surface -runoff of 
include the rare .Ualesherbia tocopillana R!cardi (a close rel;tlve of M. water from the Andes during the (i.e., precipitation) 

rdens Macbr. of southern Peru), Af athewsia Johnst., and ].. olana toco- slill occurs at irregular Briiggen (1936) hypothesized ftboding in this 
a il!ensis Johnst. Northward f; om here, the small fert1le areas become smaller and · region at intervals of 15-20 years. Surface flooding of the Pampa .del Tamarugal 

· scattered. Near Iquique,_ ____ · _____ occurred (Billinghursf- -
opmentOf -.-egetat!On COllecteo oru) !886; Bollaert 1860; Bo\\man 1 and m recently m 19_76. Other data 
in Quebrada Huantajaya east of lqmque also m An_ exception IS e that cycles of strong summer ram m the draJ1!age of the Rio Loa occur approx1-

.. large community of terrestrial Tillandsia growmg pure mately 70 years (CEP AL The water ta_ble of in the 
' ·fo km east of Iquique at 990-1100 m. Beyond thls pomt, the coast IS essentJall. Pampa del Tamarugal bas lowered m recent years (Borgel 197 j), but 11 JS not clear 

barren to Arica. · · - · . . . · · . . . whether this results from over-utilization of current aquifer recharge or from direct 
Floristicallv, the formations from Antofagasta to Aric.a have little affin:ty to u?e of fossil water supplies. · · . ' 

. the Peruvian· lornas formations the immediate north. Of the 11 ,? . of ________ -.- ___ AJtho_ugb__y_ege.tati.on.is. entire1y....absent in -del .-Tamaruga.J,----
_ _ five Yo) __ scattered areas support dense stands of-Prpsopts-tamarugo Ph1L·(F1g. 16).- This-

southern By companson 89 species <76 ro) species is largely restricted to the Salar de Pintados Salar de Bellavista south-
represented north!!rn_extensions of the ftora .. found south of east oflquique where more than 21,000 hectares are-present, 85% of which consists 

.. The remaini-ng 23 species (20%) were endemJCS to thiS zone, most notabl), specJeS of plantations (Aguirre and \\'rann 1985). Mature trees grow rapidly and reach 
· of So/ana (Johnston 1936). up to 20 m in height and over a meter in diameter. Careful records in plantations 

---·,----: Jnlarld Valleys offwrtbern Chile 
Inland frclh tbe coastal zone of north.ern Chile, the slopes of the Cordillr.ra de-

- gently iqextremely arid interior basins at about 1000 m elev:at icm 
, .. are tht direCt influence of fog. These basins form relatively 

. '. ?roken up by low ranges south of Antofagasta, but J!:.! the 
north the broad Pampa del Tamarugal extends east to the slopes· of the Ande.s. 

. This basin .is a stru.ctural coatinuation of the Valle Central from central·Chile, 
___ gradually from.Arica-to _Taltal, .nearly .J 000 ___ . ___ _ 

km tq the south. 'Because the deposition of alluvium in. this basin has resulted 
·- -·,'· largely from ·runoff from the Andes to the. east, the lowest points of the basins 

·. occur in ' ihe western margin of the pampa where the basin and coastal ranges 
rn'eet:'bry 'S'alares at these loV.· points of the basin from Antofagasta north to 

- .. -··- -- Iquique;as-\VelJ ·anrdjacent slopes, were the source of the past nitrate wealth of 
_thile. . ·· · · · · . 
. With the single exception of the Rio Loa north ofTocopilla, surface rivers are 
absent from the Pampa del Tamarugal arid adjacent coastal regions. Relatively 
shallo'Y ground water is present in aquifers originating in the Andes, ·however. 
Small in the Pampa which date back to colonial or pre-.Columbian 

of Prosopis tamarugo Phi!. ha\·e follr1d a·nnua!-productivities of leaves and pods 
alone of up to ffi·ore than ·12,000 kg ha-: 1 ;(Eigueta and Calderon 1971; Aguirre 
and Wrann 1985), a remarkable figure _ro·f:- i::rees gro\\ing in an area with a mean 
annual than 1 mm ye!lrb)i. While early studies suggest that P. 
taniarugo V.·as Botti, and 
Acevedo .19.73;. :y.rerit J 975), more retent . studies indicate that this. species is 
existing as a deeplyTC)oted phreatoph)1e. (Mooney: Gulmon, Rundel, and f;hler-
inger i 980b; Araveiia and Acevedo 1985). Hydrologic studies of the region have 

. shown --that groundwater ·tables ·at -5.:;J2;m--depths -over the-·ra·nge .. of)>. -
tamarugo at Salar de Pintadas (Castil1o 1960; Tricart 1966). Increased planting 
()f these trees in recen't );ears may be a factor in lowering water table depths. 

\Vhiie Prosopis tamarugo is ·the dominant species in the Pampa del Tamanigal, 
a small flora of other species are also present, including Pluch.ea absinthioides, 
Distichlis sp{ciita, tarapaca!Ja Phi!., Tagetes mi-
nuta L., Projopis strombulifera (Lam.) Benth., and P. alba Grise b. Since .only the 
latter two species are obvious pbreatophytes, these other species may be indirectly 
.. parasitic" in their·dependence on the hydraulic lift of gronnd. water into shallow 
soil Schtnus molle L. and a variety of exotic crop plait is are also widely 
planted in the Pam9a del n t;1; "' ;;.,h • '\. : - -.' " 
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Fig. I 6. · Natuial stand of Prosopis near La Tirana, Chile, in the Pampa del Tamarugal. 

Fig.' 17. ,_ Coastal of J;eoraimondia ariceiuis,Rauh & Backeb. and associated. species near 
Atico, P'eru: :· 

. AND VEGETATION OF COA,STAL PERUVIAN DESERT 

The vegdatioh of the c:Oastal Peruvian Desert was studied and described 
.by ·andDombey between 1778 and 1788 . ."fpey are responsible for 

over 70 species currently recognized from the flora. Weberbauer ( 1911, 

1936,i945) I 
Ferreyra (1953, i9.6la7 1983f was:·tlle fusr ___ --, . .-
inven_to?' . for the __ · 

of the regiOn, at least m part, mduikRauh (1'958; 1985)1 ·Koetx;ke 
(l 961), Ono-(1982, 1986), Oka, arid "(1986), o](a .. 

(-1982), and Muller (1985a, b; 1988). The dis.c;ussion presented here 'incl 
information from 'the af()rementioi:led works;·com bined with field _ _ ,:'; 
and herbarium collections (Dillon, unpubl. data). · ,- J • • · 

The geomorphology of southern Peru from the· Chilean border to •.. 
Ocoiia {l6°30'S) is dominated by a coastal plain, 20-30 km in v.idth , 

. steep ":all(!ys . and broken topography of this 
provide li.ttle area suitable for agriculture. (Robin so-n 1964),"V.ith the-
groves of the Mediterranean oiive (Olea europaea L.) that are in ( 
t ransverse -.,;alleys near the-9cean (Mollendo, Atico; Ocoiia). · . 

Directly north :of the vegetation· is ·restricted lo dry .stream- . 
beds wiihi.D Hospicio. This dry alluvial fan is below the fog-zone . ' >' 
ano derives moisture fri>r:1 the OC{;a.Sional fl(loding oftheRioCaplina from interior· .. 
rains. Vegetation consists of small trees and shrubs, including Tecoma.fulva (Cav.) 
D. Don, Grindeli(J g!Zi!inosa (Cav.) Dun a!, Pluchea chingoyo (H.B.'K.) DC., ·and 
various halophytic including_l.'hy/a nodif!ora (L.) Greene, PJ:.ilippiamra 
pachyphy/la (Phil.) Kuntze, Tiquilia paronychioides (Phil .) A . Richardson. The 
broad Pampa de La Yarada northwest ofTacna extends for some 20-30 km north 
v.ith a v.idth or'i0-15 km and gives way to the costal hills along the 
interior mountains. These areas receive heavy fog for a distance Of 40-50 km 

·inland;-and-unlike-the-Ghilean -fog-zones-to. the.south,_tb_e d_qrn_inani -\.·egeta'uon-:.c 
is herbaceous> with.many of these locally endemic. · .. ----

It is in this region that the southemmost Peruvian Tillandsia formations occur, 
composed of pure stands of the endemic, sand epiphyte, Tillandsia werdemumnii 

·Harms, and occasi'onal scattered mounds ofTephroi::actus sphaen·cus (Forst.) Back- -
eb. Terrestrial s·pecies.of-Tillandsia in Peru are generally restricted to the lower . 

. and upper margins ofthe·fog-zone (Fig. 2A), and are largely absent from. the central . . 
- -- - -- -zone oC!omas.fomiations_wb_er.!! moisture input is m<::.ximal. This absence from : 

. the central Jog-zone be contin'u"ciusl).-wet con<Ilflo"-=n--s-c---
. which prevail at such sites during the winter months. Because the stomata of 
Tillandsiaspecies are .characteristically located flush .on .the leaf surface between , 

·_the trichome shields, which allow foliar water uptake, the presence ·of even a thin ·; 
film of water on the leafsurface significantly C02 thus"':: 
-restricts photosynthesis (Rundel 1982). For this reason, diurnal cyclf'CS of wetting : .. 
and drying are usually necessary for survival of these species. . .. . 

The absence of terrestrial Tillandsia species.from the Atacama Desen south o_f .. ' • 
Iquique is not clea_rly understood, but it likely relates to the absence of 
microclimate conditions. The high aerosol content of water droplets in the toast4,}i 
fog of the Peruvian lomas formations would favor Til/andsia in eonuiist •· . 

. to the humid air with a· lower aerosol water in northern Chile. Epiphytt,c:. 
Til/andsia Phil., while infrequent in the fog-zone around Papos6,_ are .n.ot . '"" . 
found in the other. coastal communities of the Atacama Desert. Tilfa.ruisia .. ;L·, 
neoides (L.) L, not represented in the coastal communities of the AtacaJ:Da 
is a locally abundant epiphyte in humid foresi communities in central and 
Chile (Rundel 1978). 

. ' 
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;olling near and Sa m a sufficienJ fog to develop a small ·. 
,; _·._ ·(200-67i ni) suppo"ri a first in:-entoried Ferreyra (1961a). !lic.h Oxalis megalorhiza 

m response to su_ffic1ent f?g or rare, ar_e.quwe._nszs . . ·· ·., .: _ _ 
the Nmo event of 1982-:-83, d:nse mlXed commumt1es _.'J?e_ de !'-1ollendo (1_6 20 1>1eJia, support a l&rge and-. 

herba_eeous j>erennials mcludmg Nolana flora, of plants (PHaur 1982). The com-
Pa:.;,6n, N. areflicola Johnst., JV. pdqszssz- mu;uty exte_nds from 150 tO· 1 m wnhm a quebrada. On the slopes 

,_i'- :}k;{mii:Hook.; .Calar.driniapa_niculata bC., c:mrana multifula_ C?v., ocean, frequent species chilensis. SperguJaria con-
" ''' _ .;_.J..-Era'iostis Leptogloss_zs darcyana & gestvolw Johnst., Verbena (G/andulana) clava.ta & Pavon, gluti-

,,:: Stubis; -.4/Jiqnia incamata L., !iqwha /ztorahs. Palaua dzssecta Be_nth._. .P. puszlla nos a_. Loasa Jacq., and the narrow weberbaueri s. F. Blake. 
, , Ulbr:,. Caesalpinia (Hoffinanseggia) (La g.) Macbr., Mzra?zlls. elegans At hi.gher elevatJons numerous w?ody m eluding Carica tand_icans A. Gray, 

' .. ·. ·.(Cboisy)'Heimerl, and Monnina weberbauen. Chodat. Woody species mclude:d prostrata _Ben;h., L.; Gaya pilosa K. Schum., 
.. - . ·. -. americana Hum b. & Bonpl., Enceha :anescens, a!ld the Atonsoa m:ndJOnahs.(L.F.) Kvntze, Nolanapilosa Johnst., 
· - : _Chen-opodium petiolare H.B.K., Nolana confinzs (J!)hnst.) JohJ:J.st.,. N. lyczozdes Urban. & Gilg, Monmna Y>eberbau_eri, and Hyptis sidifolia 

, -'-- <::; JohnsL, and Senna brongniartii .<Gaud.) _& n.e cactus (L I-J_er.)Bnq. perennials_ 0-ciude, Alstroe'!1eria paupefcula Phil., 
.. ' · ;, Jslaya has its 'southernmost spec1es, I. krmnziana Ritfer, m th1s region. · Lupznus mollendoenszs lllbr.; . Caesalpzma (Hoffmanseggia) miranda (Sandv.·.) 

_ ... ;;--f:,:Occisionally vegetation develops in areas where nmoff gathers from localized _ Macbr., annuus Johnst., af!d Ophryosporus hoppii (B. L. Rob.) King 
... . . ,_ ... of ________ Rob. Vegetation near 1100 m, wdl above t he To the east, 

... ;Jioqoaliy montane speCies v.·hose seeds were possibly carried in v.1th the runoff · . 
_ Ambrosia artemisiodes Me yen, Lycopersicon peru\·iana (L.) Mill., area of sand dunes virtually of vegetation (Bard ay 1917; FiEkel 

·such as No/ana pallidula Johnst., Suaeda divaricata Moq., 1959). Snpilar formations are also foimd to the north (Gay 1962). 
L., and Phihppiainra pachyphylla. In some Sola- Lomas south of the city_ of_ Cam ana (16°35'5) are weil de....-eloped v.; th n\-.=. rlv . 

: .. -,. -num multifidumLam. exjsts in large, nearly pure, populations. The vegetation of 80. of flowering species recorded.The1oose sandy soils 00 the gentle slope.s 
p!aJn provides some forage for goat and cattle graZing and, during the ·of the hills are bathed by fog and form a .primarily herbaceous communizy frc,m 

of 1-983, both v.1thin this region. The . 20 to 800 m. The is Eragr:osri.s peruviana. a species which formed 
_by 

,.,_.;: :-: ·: Mosfaz,a} near the port of no (17°50'S). Rich herbaceous commuruttes, s1m1lar to Tzqznlza paronychzozdes. Pasllhea -c_oerrdea\_Rmz-&- Pavan) D. Don Alrlplex 
;·:' above; cover 1he entire ground surface, but in addition twidzfolia (Moq.) Moq:• Geranium limae Kunth, Cenchru.s humilis' Hitchc. As-

dominated by Croton alnifolius Lain. an? Grindelia glutinosa traga!U: trijlorus (DC.) A· Gr?.y; Loa.Sa-urens; -CriStaria mu!tifida, and the 
fpund.: During'l983, vast numbers of individuals of Palaua weberbaueri Dlbr., . endem1cs, Rauh & Backeb., Palaua camanensis 

peru•·ianum Krap., No! anct. N. spathz.i- Fer:eyra & ,, and No/ana cerrci!eana Ferreyra. 
:;.: >l were present: East of these formatiOnS; large colomes of Tzl/andsza pliTpurea North of Cam ana, the manttme slopes of an arm of the .Andes extend near the 

sand dunes. · ,-. . : . . . ;:_-. . · coast, break up the coastal plain_ Th,e Lomas de Ocona (16.30'S), and Atico 
Tac'na-llo area; extensive lamas reappear at Meji:• (17"07'S) (16.14'S), have J?:ver levels v.ith 80 and 15 species 

spec_ies reco_rde. d. Here lamas ve_getation recorcied These_.--_!_,o __ ."1':_'_!.1_ shrubs, such 
';,-:i;;,,. : .. sam!y .hills up to 600 m and more extensively htgher hills as, amencana, Harms; Alternanthcra pubijlora 

the as JSUiltze, jncl':lding Nolana spathulata, N. pallida, 
th,znophzla Johnst. and Tzquzlza conspzcua a11d South ofAtic_o (Fig. 17), 

· , ·-· · · · · (lohnsL)..A.:.Richardson.are_:c.ommori __ alo_ng_t_be _ _ _2.9_0 a suable populatwn ofNeorazmoniiza arzcenszs Rauh & Backeb. occurs near the 
,. -__ ... · ,. ,and 600 m, a herbaceous community if!cluding Cristaria multifid a, Palaua velutina - -- - ·e:;c.ea.n.--;-v:1tli--He/iotfi5fjiiilif'kraU.S(/ariZ:intFeaae; Ctiliinarin'ia --;_i!ani'cu/iitcraiicnne 

&, Hill,P011ulaca pilosissima. Weberbauerella brongniartioides U1br., Caes- · en_dernics & Backeb., Eremocharis ferreyrae Ma-
·:- i _'_alpinia (Hojfnianseggia) prostrata, and Eragrostis peruviana (Jacq.) Trin. At e1- thias _& 0>11sf:ance,Domeykoa amplexic4ulis (Wolff) Mathias & Con stance Helo-

_, .. ,: ., above600 m ocassional cacti are encountered, including Neorainwndia gyne hutchinsqnii King & H. Rob./ Nolana aticoana Ferreyra, and 
·.. _. ,· aiequipeizsis-(Meyen) · Backeb;·and ·the night· blooming australis . _perul:'iana.,.O,,.Sch,\llz. __ : __ ..-:_ ___ __: ____ _____ ': __ : __ :_ __ _ __ _ _. _ .... : _ 

_· _ .. Backeb. Near m, nearly continuous grasses and perennial herbs occupy The Chala (l5.53'S) ai:l<;l (15"4S'S) part 
.... . _ ....,· . . the slopes, several rare such as, Centaurium lomae (Gilg) F.abris, the Depannient of fonp a frurly COJ:!tinuous formation broken only by 

::' (Lam.) Grise b., and. Sisyrinchiu.m micrantha Cav. Woody .a broad riv_er channel. These \Vere studied intensi \.·ely by many of ihe r :.;,_ .,:_:· the small tree, c_aesalpinia spinosa (Mol.) a montane . early PeruVlaD.botanists because oftheirrich diversity. Nofewer th.an 120 species I' . . species common to 1omas formations of central Peru. Some 20 km to the northen;l have been recorded from Atiquipa, including Arc}rtophyllum'thymifolia & 

f'J' 
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:. Gah;eziafruticosa Gmel., Encelia r ., · ' . l}ackeb:; Senna brongniartii, Heterosperma· 
. i . . . . ferreyrii H. Rob., & Pav6n, Croton alnifolius, Hidiotropium 

: . · ·. . ·. pilosum. RUiz smithianzis Cabr. This marks the northern 
t . .. - - ·.,..-O)osistit_ion-foTth_e.predorntriarftl)'Chilean A;g;i/id radiata (L}D. Don.·• 
' - Inland to the nortbeasCOf Chala, the Lomas de Chaparra (Taimara) contain 

·dense populations o{ Griiuleiia glutinosa and Nicotiana paniC',.data L. Relict stands 
of small trees to 5 m tall occupy rav-ines a1 upper elevations and include Afaytenus 
octogona (L'Her.)D.C., C,_a_esa/piu.ia spinosa, andJ.b.e_ [ari en <;le mic, 
Myricanthesferreyrae cMcVaugh) McVaugh.J?e latter species reduced -

' . .to a few hundred individuals at a handful of local sites. t· • . ::,· .. ']'-Nortli of fbal·a· and a .. oad is .. a. extending } i:-· · .. :.'l1orth to Canete (13005 S). North of the port c1ty ofLomas, th.i. de Jahuay 
-• . - ----:_·: · · .• flais.aT3o0.::900 m: nie'areinas'6o specie-s -e:;;orded, including 
1 :· . several such. as, P!icau -f- · · · . · trum sandemanzz (Sand.) Hill & Fryxell, Coursetza weberbaurerz; .M a;esherbza 

· f · . flngustisecta Hafi!IS, .. a toment{>/?a dentata .{Cabr..) 
f Dillon. · - , . · · · · ·· -· ··· .· · · . 
} Lomas vegetation is not well developed 'around' '1'\azca, but extensive riparian 
l -.--, .. . .. .· forests ?f Prosopis chilen:sis (Mol.). Stuntz and Acaciq macracaritha Willd. are I . ;. . present in river channels from near the cpast up to 2000 m (ONE RN 1971 c). l--. -.· -:.--"_:_Other important-riparian.species inClude Salix.humboldiiana _Will d. and Arundo 

--
, - ·· . :·· · 12 km south of the City Nazca, a small populahon of Bulnesw retama (Gilles) 
;· : Griseb. represents an unusual disjunction from populations in central Argentina l •' . . . . . . . . -
1-_:c _ :·:-': ___ ._ (_Weberbauer 1939). . . . · · _. . . M Ground water supplies 'of the coastal desert region of southern Peru appear to · 

epresent fossil water introduced during pluvial periods of the Pleistocene. Geo-
and meteorological conditions strong evidence against possi-

ility..lhaUhese..groundv.:aters flow frol!J __ 
, exposed high in the An&s. The foothills of the Andes in this region are largely 

- 'composed of heavily granites and with no permeable formations J appropriate for water up to 100 km to 'he coast. Precipitation is f : , .', .... lo)"··an,d additions water suppl!es 
:_ . . must be limited to flash.floods m nver channels occumng With rare heavy rams 
. . . ·. - · . ,associated v•ith -the El :Niilo pher10menon (Goudie and Wilkinson 1977). 

. . · • · SJ,tep c6astal.ridges :v.:fth a series of marine a;e· present ·from south of 
to the Pisco (Craigand 1968): from these 

the coastal pllim: hes largely below 300 m, although md1vJdual terraces 
.. .. .. of'the Lo!!las de 

.(14 near lea and Pisco have been de-
by CraJ.g a.nd Psuty (1968) and by a series of Peruvian government reports 

. 91Ja, _b): T. be most diverse lomas com-munities ext.·· sting at intermediate ··· .. . -· · · · -4 . .... ·• · "" · ·· · · · · • • • 

.. .; -. sand . and- silt atcum_ulate m 
each the terraced appearance of the commuruty (Ma-

. . ' suzawa 1982). The biotic origin of thes'e stripes has been by Broggi 

· · ··--- · :. ·· ... -- ... 
· . r • i 'O.l 

(1957), but Lustig (1968) attributesthehho-5611 creep""a 
and biomass ofT, lomas 
(1982, 1986) .. : . . ' - .. ,., ... . 

---'/ . Above the 'communities, .Veoraimondia areq'.i'!pelzsisiorms a 
istic belt of c.olumhar cacti, ·aJthouih its density is lo"'· -As a{!"azea<o 
extensive stands of Acacia m.acracantha, Prosopis chilensis, and othe 
ph)1es are present along the channels of the Rios lea and Pisco. 
of cultivated date palms suggest a dependable supply of ground 
soils are present below the' fog-zone along the-coast,' \\il.b saline areas do.rriinihed ---- --- ··- · ---_- -------- ----- ··- -·-· - --------· -- ·-·- - . ----- -------------· ___ _______ ....,__ 
by Distichlis spica! a and freshwater. sites supporting st,ands of ScirpU.s: Weakl); 
develope-d dunes adjacent to the coast are frequently stabilize.d by Distichlis and 

· Sesuvium portulacastrum, .f( succulent haloph)1e. Dist,ichlis is a particularly 
tive stabilizer since its extend several meters in depl.b to trap. shallow gro).ind 

·water tables (Craig aM 1968). • · . . · -· : 
Between Pisco and ·Lim;,, the coastal plain disappears and the coastal 

phology is· dominated by. the foothills of the Cordillera Occidental of the 
The ridges of these (oot1u1ls separate th.e numerous ri"·er; .. :alleys which drain 
Andes in this area: Geological evidence suggest's paslland subsidence in this regioi.t 
v.ith broad valley· floors restricted to a few small co2stal areas (Robinson '1964). 
The city of Lima is $ituated at the edge of deposits of one such valley where the 

· Rios Rimae andChillon merge. 
South ofLima,_the_Lomas _de Lurin .(!2°17'S), A tacongo ( 12"08'SI,' find A,!llan-

- -- ·- allsupport communitiesof.varying diversitywitbrecru.dednumbeis. 
of '3D, 80, and 50 species respectively. The common woody elements include 
Senna incarnata (Benth.) Irwin & Bameby, Heliorropium arborescens, Carica 
candicans. Several.p_rimarily Andean species are recorded in this region, including 
Passiflora suberosa L , Tourrettia /app'acea Willd., Steria meliss{(olia (Lam.J 
Schultz-Bip., Philoglossa peruviana DC., Ophr;;osporus jloribundus (DC.) King & 
H. Rob., Stenomesson coccineum (R uiz & Pavon) Begonia geranifo/ia 

. _____ , _ . .i!Il.-9_ species 
' are also present including Encelia canescens, Trixis. parado.xa Cass., Drymafia 

paposana. Phi!., Centaurium lo!nae, Vicia /omensis Macpr., Palaua ma/lrifolia 
Cav., Urocarpidium perurianum, No/ana gayal)(i (Gaud.)J ohnst. , and N. humifz4a 
(Gouan.) Johnst. . . . :,;: . 

Three of the guano islands lying offshore of the central Peruvian coast (San 
Lorenzo, San Gallan, and Veijas) extend high enough to support sparse loqas 

. communities. Johnston {1931) recorded only 19 of vascular plants ·pn 
th_ese islands, induding one endemic, insularis (JohnsL) Johnst. (Johnst,on 

· 1936; Ferreyra 196Ib). · · . . . · . · . . - · ·· : ';,':; 
In the immediate Lima area, a number oflornas formations have been severely 

disturbed or eliminated due to the population expansion ofthe.Iast 60 years. :pie 
Lomas de Chorrillos, Cajamarquilla, Cerro Agustino, Manz.ano, among 
have been effected. From Lima northward, frequency and amplitude 
tation increases significantly and 1omas communities increase dramatica.llt in 
diversity. FJoristically these communities show greater subtropical affinities 
those to the .south: :The Lomas de Pasamayo (11 o38'S) occupies the upper 1JID11 

of a large 'bluff affronting . the ocean at nearl}: 500 . m. This small 
community includes Loasa urens, Pa/aua moschata 
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;ro;hizonDC., Acrr{ella alba (I..!J:Ier.fJa'nsen, No!aria gayana, Xolana 
J'erbe,ia lirora!is H.B.K., and Cryptarllhd 'Hmeiisis (A. DC.) Johnst. 

the LOmasde Chanea)' and a rith 
b(:1ween 160 and 400 m (Ferreyrit 1953): ·True .Succulents are less 

. :.com.m<:>n in thiS zone a 'd1:verse of species: and _shrub by 
_._.., '· iais·are oominant, mcludmg Begoma octopetalq L'I,Jer., Tmanpa erecta 

Schlecbt., Stachys peruviana Dombey, Mirabilis p_roslrata (_Ruiz & Pav6n) 
. . . .. · .• .r.<:w ... rl, Sie;·os fmduoa Hook. & Aril., Philoglossa Hyptis sidifolia 

· . ·· .·· · : .' : .. : .· . . .· . ·· · 
·pehiaps the inost famous _]omas formation _in Peru is the Lomas Lac hay 

' ·:-· (Fig·: 18,) 9), approximately 60 km north ofLima. This site was declared a Natipnal 
.- ;." . Reserve in 1977 and is protected and managed by· the Peruvian _Government. 

. .. Jomas were described in both detail and gloWing adjectives by Ruiz in the 
8th century (s.ee Jaramillo-Arango Ferieyra '(1953) described two 

.· '·" · · distinctive lomas zones at this ,locality. The lower zone from 100 to 300 m is 
: 'dominated by a cryptogamic community of Ndstoc commune Vauch. and a diverse 

ray offoliose and and semiwO()QY_:yascular plants 
· ·· >common. The perenruiil vegetation oecomes much ncneraoove 3\Jcrm,--

disiinctive communities o6cur ori hillsides, or rocky ·$lopes in canyons. 
communities are dominated by conspicuous associations of Croton rui-

. ' - ·-·,. .. -. :,"; . ., . .. .......... 
·.-.· 
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Muell ., Loasa urens, Nicotiana paniculata L., Acme/la alba: Senecio aba-
DC., Galinsoga caligensis· Canne, Urocarpidium peruliianurri, Hebecladus 

Mmbellatus (Ruiz & Pav6ri) Miers., Solanum montanum'L. Dry rod.)' slopes 
__ stands of terrestrial 'J}llandsia latifolia and .Puya ferruginea 

., . . " . . . . . . . -rrri" - - -- -···-- -- ·- .. 
. !,+w,..,,!""" fFillT9) .on.these slopes·su·pport a. ·ver)• .differenrfiora With-many ber: · . · 

including Commelina /asdculataRuiz & Pav6n, Astrephia 
(J. E. Sm-.) DC., (i,j Nie-;;_;;.,1_ var. b{flora ' 

v6n) Bradley, Tropaeolum . minU.s' L., 'o'.xalis megalorhiza, Begonia 
Bowlesia palmar a Ruiz & Pav6n, Spinianthe paniculata ]acq., Tour· 

. . (L'Her.) Willd .• Cyclanthera in .Hook., Ophryos-
nus (Gmel.) King & H. Cala-;;drinia a1ba-(Ruiz & DC., 

., and Exodeconus. prostra'ius (i:]ler.) Jf..ilf.. and valleys 
zone are characierizeqc by _small, trees, 

·.· · -:aesalpinia spinosa, Capparisf/risca·Macbr.";Seifi:;birosi[is(Vogel) Irwin 
.. . . .· . ,'and Carica candicans. are 

.• accumulation of epiph)1e.s ciosses, lichens, ferns, 
; hillii Trel., Calceo!aria pinnara·t :;'ari'd 'geranifolia, common 

.. · .="=.c""h:-:e""'s-=?.=-.naTi'imksof1nelow ... : .-. . · · ;, . . . :. . :. · _ ·-···-··· 
of fog condensation on plarit water retaiions has been ' studied in 

. . -· , , - . . . by Ellenberg (1959) in the rich com:m"liniti-es of the LOrpas de L3chay. 
of moisture from the atmosphe;e· in the upper lomas zone at Lachay 

I :· trees.'.The .vegetation itself 
·····' "pro'vides a key .factor in influencing the amount of condensation which occurs 

· ·:;::;: :the action offogdrip. Woody plants extending above the ground provide 
. .-.'-. •. s.':Jiface area to intercept y.ind-blown. fog ahd allow moisture c:Onderisation 

of fog drlp .under plantations of Casucidna and EucalyptuS 
tacb2\i from 1944 to 1954 found a mean of 488 mm yr-• and 676 mm yr-•, 

Fig. I 8. Dense population of toasa urens on the lower slopes of the Lomas de Lachay,' v.ith the 
ocean in the background Tree trunks are species of Casuarina and Eucalyptus. · 

respectively (Ellenbetg 1959). Over the same penod a control rain gauge in the 
open recorded a Pf only 168 mm. yr-•. Similar patterns of heavy fog drip 
have. been iri. other fog areas of the world. . _ : .. 

Fogdripat t<;)produce patterns ofsoil 
content, In 1957, flle .winter fogs began in June .(later than normal in this dry 
year), soil moisture content increased.steadily arid exte.nded to greater depths. By 
September, available moisture 
under- In many soil is readily 
available at ·lOO cni depth through the summer moilths (Ellenberg 1959). \\'hen 

. no vegetation is present, little condensation of atmospheric moisture occurs and 
soil moisture levels remain low. Duririg 1957, bare areas at Lachay absorbed soil 

_moisture only.toa.dep.thof-10 cm. Soils beneath stands ofherbaceous vegetation 
developed a moist zone to a depth of 50 cin. Ellenberg (19'59) found that patterns 
of root distribution in the sandy soils beneath different plant communities at 
l.achay correspondec;l well with . the · penetration. of water. Buried seed pools in 
these lomas provide a reservoir of herb population$ in years when fog moisture 
is too· to promote germination (Ohga 1982, 1986). 
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·'JI.fidoekvati6n form.ation (ea. 500 the (fe Begonia octopetala in 
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_ . . . . . . . _ . . . iloglossa perunana 
Verb"esina · saublnitio{des S: F. Blake. s e·v"eral spedescn 

• o1 •· , • • -.., • .• _""; • · • .-1 ·- "'l: · •• r · 

coastat desert emironments are represented by 'sizable , .. . .,.·-n 
··- : --· 'in chidirfgTillandsia 

L. ]3, .Smith, . Hyperi_cum uliginosulJl_ H .B.K.,. Pelexia. matucaneTI!is.:_ l'_eper_ol izia 
. , •. and Ruiz & PavO.n, J )n_e 
. _demicfjnthis .formation is lpr# Ji.L. B. Smit9, 
·this -large_ Neotropical genus ·.to· oc:cut: m ·.:t,hr<:i'lomas '()thei- erideitJic::s ' 
include Senecio truii!!ensis' Cabr., ApOifailthera ferreyranci M:·crov.,' · 
alicae Morillo, and Solanuf!l_mochiqmmse_ _bcboa (Sagastegu.i et ,aL 1988). . .. "'' ;;;-. 

It appears that Cerro Reque(6.0 52'.S}, neat Chiclayo marl<s the last outp(>sH <ir 
a few common Peruvian lomas species, such as Caesalpinia (Hoffmanseggia) 

-'ptostrata, -Tiquilia dichotoma (Ruiz & Pavon) A. Richardson; h9wever, this area 
does not receive sufficient moisture1o develop. each year as do the formations'·to 
the south.' . 

·> ·-- · 

___ __ ....,;.. __ ·· - ·· · ····· · Noitherll Peru . 
·North Lacha;, :hanges north of Casma (9D28'S) near 

Luxuriant )omas vegetation is wei.J developed, however, v.1thm the Lomas de Salaverry and the· foothill dominated coast of central Peru gives way to'a broad 
Lupin·( 1 to a lesser extent at Cas m a (9.28 'S) and Chimbote. 'S) coastal plain· extending north t.o -the Ecuadorian border. Althc·ugh some 
v.ith approXimately 50, 25: and 1 Q flowering plant species respeCtiVely. has geologically . uplifted (RphinS.OD .1964), oDJy a few areas 

. As at Lachay, the lower 16mas zone is dominated by coverage elevations above 1000 m. The gently-sloping valleys of the scut:, ern part ofthe 
. · reyra 1953). North of Cbimbote a series of small discrete mountams occur · coastal plain from Trujillo north pro.\ ides some of the richest agricultural larid 

· · · · · b · ..,"0 -t "00 m elevat1on · all ' (' n · · · · . .. · · :· ' ... ; . - -:- --·· -- ··--·- the-eoastal-platn7"Each-bas·vegetatlon-present. __ ____ ---. -. ---------------. _ _m_ .. o . _ .· .. ·" .. . 
and include the Lomas de Viru cerro Negro (8.18'S), Cerro ChlpUtur Although the coastal fog-zone only extends 'fr'om 0 to 500(800) m in northern . 

i 

1 
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(S" i O'S), Cerro Cabras (8!'Q3'S), and Cerro Prieto {1°59'S). These formations have . Peru (Rauh 1958), the low topogn;phy provides a broad arid zone, 
·been coilected and described by Sagastegui, Mostacero, and L6pez free cif vegetation. shrubs the sparse vegetation cover 

. (1988)and contain 25, 100,45, 25 species of plai)ts . . _cacti increa se·: In "Y.1th ·greater 
· respedivi:l);.-Tbe vegetation is a mixture of shrubs and her:baceous species .that .. southeJ'il _Peru, an interior desei-:t at interrriediate elevations is absent:fr6rii k6rth,em:. 
·appears to be a s!ibset of the assemblages of the next two formations . . . . Peru. Instead subnieqJrecipitation influences occur as low as 
< SQme· 20 kilometers nbrthwest of Trujillo, Cerro Cam pan a (r58'S) and Cerro . ·an . evergreen savanna v.·oodland.' The flora of these is '\iery'm'ITcb';t);=st · 

·. qbez6n •. extension veg- xeroph)rtk than that part trtie Atacama 
· · ·---e(ation: On 'the. lower sandy slopes below 200 m occurs a T_lllandsw zone With T. Much of the northern coastal plain of Peru ·is covered by the serillarid 

. •· · . 
' . :·. ·aeciiliibeiis '(Vpf.) Backeb: :Rauh & Bac;:keb:, and prostrate '. ··ii.rid sdridy' 
:: · "-' H Murray, :CharnaesY,ce ,kisiocarpha ·:-'-:' no· L 'and ihe: 

. 
': ' · ·Arborescent include M aytenus.octogona. Capparzs sc0:bnqa Troos · . . . .tatiOn In.the of_Ct!rr() Illescas along the coast S)_lja 
<·: : paradoxa; Ceiddiun{praico:i·(Rul:z. & Pav6n) Hiirms; 'Acacia' Macbr:· (1979): 'Fiat sand¥ 
.,,·:.: . ; · ·canescens; Grabo"•skia bo,erhal'l- ' ' by Sf#,f}lta.'f! . . . 

ifolza (L.F.) Schlecht. Above 400 m, rnmsture cond1t1ons are more favorable and .L. 23), a spec1es illustrated by Weberbauer 1 I). Coarse alluVIal near 
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. - sea: and ·Ciusener and report small o( Al'icennia 
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. · (L.) Gaerin. at the .mouth ofthe Rio Piura and Rhizophora 
. hafrisonii 3"44'S near Bocapan. Tl)e vegetation 

ofthe _'fUJnbezregion was· also Ferreyra (1957). . 
-Geornorphlc features of dune structure may be extremely important in provid-

ing favorable microhabitats for vascW.ar plant survival iq the extremely arid . 
portions of the Sechura Deser.t. One remarkable example of this phenomenon has 
been described from the Pur-Pur dune, a large barchannear the Virii Vallev 40 
km south of Trujillo (Simon!i) 956). This striking dune 7 50-8 50 in in 
and 55. m in maximum height. ltsdisContinu6us arms are from small 
dune-sized barchans which \:xtend Several thousand meters. large 'numbers of 
tiny dunelets are clustered along the arm barchans, most less than 20 cm in height. 
l;be ·windward tip of each of these dlll!elets is anchored by an individual of T(quilir> . 

"... · orarfcnes-
.·-' . apparently subsist on moisture concentrated in the adjacent dunelets. The regional 

precipitation averages onl_y about 2 mm annually, providing a very poor 
'o of water. Simons (1956) suggested that fog and spray collect preferentially in these 

·dunelets due to movements oflarge amqunts of humid· air over the arms of the 
Pur-Pur dune. The widening of the panem of Tiquilia dunelets move _do\l.nv.':ind 

.. ;· _ .. ""fft§l - - 1 · R along al-ms is attributed to increasing air turbul.ence in these . :;._ '---- _. __ _______ _____ fucr_yalJ.eys.flo_wing"through .the. sou them. Sechura-Desert ate-latgely-inigated ---

.. .. 

.. .. '" .. 
.. 

. - . - --agricultUral land today but once .supported riparian 
. ... etsof Acacia macracantha, Stllix humbo_ldtz:ana, Schinus molleL., Sapindus sapo.-

tiC • • . . . _.· " : . ·' . .. --. ---E -€ · Muntingia·calabura L., and a variety of woody and seiniwoody shrubs 
8 8. (\\'eberbauer 1911 ; Ferreyra 1983). Inland from the Sechura Desert along the 
: g- · coastal plain of northern Peru, semidesert vegetation is well developed on slopes u • . . . 
';;;' between the ranges of the Andes. \Veberbauer (191 I) and Ferreyra (1979, 1983) · 
[ . descnbed this vegetation, v.ith dwarftret:s of !riotheca discolor(!l.B.K..) Rol:iyns, 
E u Bursera graveolens· (H.B.K.) Tr. & Pl.;·Acacw h1-1arango, a '-•an ety JJf columnar 

g C:.cti, trial bromeliads.' T?:e · __ 8L tp(!se ·. ·. 8 · · _wooi:lliinds'has been discussed b); Ferr_eyta (1960) and (1975). _ · · . 
.. . · . M 
& 
0 DESERT FORMATIOl' AND PROBABLE AGE 

. . . . .· . 

. . . . wQJlcl,_J,b_e __ hyperaridity7 of.the .. Atacarna .. and . · ----·· ---··--southern Peruvian Deserts appears to be -very old. Climates simila_r to those that 
prevail today have eristed, at least reiionally, since the Middle. Miocene. This c . .. . ' . ' 

.S was related both to the establishment of the ancestral Humqoldt Current, as an 
increase in the upwelling intensity 9f the Antarctic ice cap began 13-15 million 
years ago,- and to an uplift of the -central Andes Cordillera' to ·at Jeast·ha1f of its 

...: 
i present height at this time (Alpers and Brimhall 1988). While direct data -

on the paleoclimatic 'history of the Atacama and . Peruvian Deserts are largely 
iacking, there is strong geological that the desert climates of northern 
Chile and southern Peru bave been generally arid.since at least the Late Eocene 
(Briiggen 1950; Galli-Ollvier 1967; Mortimer 1973; Mortimer and Saric 1975). 
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19SO; Alt>ers i 988). The Tarn 
• . •·. .. - ;,._.,. . ; 'f , ,.,_ l, · • 

latmg secliments. some iJme1after the dose of M1ddle ' .-. 
g)nnirig' of ti_orl r.:Ioft1iner and· Sane 

The uplift of eenti-af.An.dean Cordillera during ·oligocene 
was one critica1 factor in the irutiatiorr·of. these arid cOndi 

.. : Cordillera piol>ably' reached \0 a'tleasi,2000 to 30'00 
. rain shadow precipitation from the Amazon Basin and 
. ofhigb press'uie center of the southeastern Pacific anticyclone 
i 988): Contemi>oraneously, !he de ... 'elopment of'the Antarctic iee· 

_ Joanatio_n_o[tbe_transportoLcoldAn.tarctic..water.s.along_the-Chil 
the ancestral boldt cUrrent, and the vpwelling of deep, cold waters 
to· global v.incfand ocean circUlation patterns (Tricart 1963; Paskoff.l 

"' · leton an.d Kennett .197.5). Marine fossils provide further 
opmenti>Fcald .:water circulation (Keiinett 1980; Alpen. ,;.ad Brimliall 'f988): 
.... . · • ........ _ ., .. . _. . ,. .. · - . .... .. ......... .. . .. ... . : . .. . .... '!'l-· " 

, : While overall hyperarjdity has prevailed in northen C.t-tile 
sinee the' Middle to Late Miocene, there is e'idence c;fm;nor periods 

. activit). in the Pliotene, and Quaternary (Aipers and Brimhall 19S8). 
Gladal phases of the Pleistocene cau.sed·pluvial of pediment._suri 

· - ' nitrate deposits (Mortimer 1980; El'icksen 1981, 1983), and' Late 
descended to 4200 m in northern Chile CHolling-i·ort.h 

<md Guest i 967; Ochsenius 1982) and snow line by 1300 m in Peril 
(\luiliei.irilier197l). kchaeological e'\idence exists for more mesic climates during 

.. the and Holocene {Nuiiez -198.3.;-L)'nth-1984,-1986;-Alpers and ·· 
· - -- Holocene-ma)rhave- be-en-

bioloiically significant (Craig i 985). Pleistocene conditions with lowered snow . 
iines and mean temperatures 7 C lower than at present (Awfeld and Branisa 1960),. 
and the foi-mation of piu vial lakes· in the Andes increased the potential for the . 

""' . · ·- for more mes1c Plmtocene be m 
· ""'bH•h?'Ont ofd.oughHd•pted f'?m the in the eo". ta. I d:ser:{s .. 

, . . _. . . JeontologJcal findmgs that many large vertebrates ScehdodCJ.!l.· . 
. . .. -/ • . .. . :-:--:.:-.--::·o'--4.. ·_· :- · : .... .:::-. 

. - · mequela 1969-70).' A rehct j>opulat1on of guanacos (Lama guamcoc Muller) has 

,. .. . 

:; . 

I . 
L· 

survived up to the present in the fog-zone of Cerro Moreno north of Antofagast,ri, 
·but these animals have become dependent on lichens as a major part of their diet 

event.s in northern Chile have been 

PaskK!·prn).''> ·•· ·: .. :., ' .. " , •. · · . ·.. · · _. '.:::f _ 
:,: ' .. ·,. _: FLORISTICPATri:RNS AND COMMUNITY STRUCJ:URE L · 

, , .:<" ·. , . :.. . ' · · < · .. ... -- . · 1 · 6 km oortli of : 
. · Fig. 22. .Alternanthera acts to sand dunes along the e;oas 9 reflect a long htstory of extreme and1ty. The present-day dJstnbuttOn of..plal}tS 

Peiu; with Parkiruonia aculeata in the .··. •' : . :. ' . . ' V.ithin formations CaD give an indication of their origins. 
, . _ :' ' 23: ·. Dunes by Cllpparis scabrida near San Pedro de Uoc, TruJ!Uo and hold oceanic islan,ds have deriv.ed their floras through 

' ' : .; " ..... ' . Chiclayo; Pel"\1. . - .·. . .· ' ' . everi'ts and thus tend to' lia:\re a mixture of species different from tHose Jb'Ufid:in . 
- ' . . ';;:·;';;,-: and that intermittent n'eighboring unities '(Carlquist 1_98 i). This 

... , :, relatively high rainfall occurred in the and Miocene and for the lof?aS format_ions, the appears to be derived.fro:n 
'. · :·. "<:i·Bnmhall ·.1988 . However, conditions of have.la:&ely for ·. ·sources and at time . . . · . , 

· .: .. 1 _ : , :;, years as absence of erosiOn ev1dent the . Because ?f canop1es on 
·- · . · h. · · d (Moru·mer Farrar· and Saric 1974· Baker 1977; Morttmer effect of soil m01sture ava1lability on plant structure, a clear p1ctfr.e ·straturran 1c recor , , · • " · • ., ... 



.. . , . · .: -. ·:, ... : .. . .•. 
,· '-.<"'tiH "" ji . \'rlf\ <' t.', • • ,'-'"·>:-.:••l;., t.J, ·''- ·'h•'-" ' 

r-:· "40 . . ._.· ·.--..: . .t, ... t"' . '· ,. ·: .. ' ' . c.' ;:'" . .. . , .. ; . '. . " 
.. f, .... 1 {,,·; . ... :-: . . •. : .. .. J.f.t"i'-.; ';btf:.t l :-. • -i·:;· : •. . ':;!:. ·"""" IF ·; 

1r;.\:;. f,. ,t,; •• ·fica' nce of soil ;m61sture:· on toe lS' }•.s:; .[.J4.l:';:'j. 'pure stanas' of. . -· ni - . ··'-'· ._,, '"'·, .",._,,...,. •. "' .. -tt I . ,- . . , l db k" '··.-'H·"·t--;;. "'-., ... ·«· .. , .•.• ... · :· : .. .• .... .!.:· ·T . 
, ·.": :.·tshed,·shoulq .. ·· ,· -- ·- =· : - the ·region 
'. , ';- , , ., . , -- .· . ,..,. 1·mpo'ssible:-.foE them to reestabhsll themselves· except m exceptJonal·)_(ears.•J ,·.- . ·, ·. .• ,_ of/.0ca, ofspeqes have l>eco'ibe successfullv'established OYer th-" _, . 

I / , . ,, ,. maY""'- ·.rt:i '- · )""' ' . ,, , , . .,., ._ ... . . . · .. ··- • . , J • '"'-n! 
, .·.:; . , :-;;·.:'It is p<issible, . '<: : .. ::. · · - . .. C?f A_tacama: (Cic!osperm1, 

;: ) .· . and southern Peiu may _supps>rtf d lS ' .l .• .' •. : <I?<; .. >. u _rh. t.n petiolare, k 
. : . ·of human impact and .griu;ini 'areas whtch. has extsted smce. ·. - rabl11s prostra!a. and Lo_asa urens. :Alstroemeria paupercu!a Phi!. occurs fi .-pattern ·· · :-. · ·' ··· · ·-- ·· · · ,.,, Cald · Chil ' Ch 1 · · h · ' re olonialtimes. . . . . · ... , ·,' .. ·.;y; "' ·. • . "· : ?!"\ • • eram eto, aamsout 

the po$si?Ie. is question. that the D. Don and F,ortunatia_biflora & occu;"from central 
herbaceous flora oftbe fog- to A number of genera perennials al.so cross t} 
zones. This d1stnbut10n of her- D_PIJT}'Osporus,_ O.::alis, Ca!andrini 
bac.eous 1936, 961b). One ·Senna, Palaua, Urocarpidiw 

.. . ortant factor favonng the·_e,QlUtJqn herbaceous flora lD may The genus No/ana IS d!Stn buted from .central Chile ·to northern Peru and t} 
grciner i-egularity of fogs:' ,studies in have Galapagos. Islands, .:-ith of species · diveriity Papeso in Chile an 

... fudicated that extended drougb.t wtth _uregular fog format10n :nay occur. (Ftg._ 9). It IS noteworthYlhat ·only one species, N. lydoides, 
.• ' . which oommOttiY. a ,.s,ignificant coverage m fog-zone distnbuted m both Chile and Peru. . 

:at· Paposo, even . in years without - --
were almost totally absent: during the spring of-Hn 8, Follo':'lng_the rams of-1987, 
the coveraee and diversity ofepbemerals was unusually high m the fog-zpne_at . _ . . • 
Paposo. Y;ry sensitive germinati9n cues must be required for herbaceous __ th: _great. of Atacarna and Peruvian Desert species ha·. 
to adapt conditions of irregular and seasonal fog.motsture ,., . obvJ.ous fionstJc v.ith the Andean the level of endemism 
and rare events . - . . . . . . . . the Isolated coastal vegetation is extremely high. Two endemic families of tl 
. Current estiiDa.tes (Dillon, unpubl.data) for the total number of spectes rep- Andean flora, the Nolanaceae and Malesherbiaceae, are large!}· Atacama!Peruvi< 

__ resented v.1 thin D_esert 1 Most Oftheimpoitarit.desert families, however a 
_ --- ·55i· speaes·;;mcf\olar numlX:rs Withip -formatiOn -are J3 .famthes, .:. __ . _____ _ __ L 

... ··- . __ 1 9·6· geneia, 7) (Dill on; unpubl. Of the · total_ of nearly 000 ::- . gummosae, · _Pon ulacac.eae; . Solanaeeae, and Urn bei"J{ferae. · ·Solbr 
species, only 68 species (ea. 7%) are distributed Wlthm both PeruVJ.an_and Chii_ean . . - .. (1 9_76) drew a str_ong _significance to the pf,esence.:Offlonstic elements 6ft he Chac 

. formations. Lomas species can be grouped into five broad 1) Wide- region of Argentma m the 9f the species he mentions actual 
_____ _ ranging pantropical or: found within and outs1de of the desert region. Most oq,heni are found in central Chile or on tl 

(see Miiller 1988); 2) Jomas disjuncts from adjacent Andeansource of the Andes. . · _ · · 
: . 3) and Chilean) With popul.atrons, put . the entire desert ·flora, the greatest numberof endemic genera are to l 

,, .. - ·--· _ . . found southern Peru between ]5° aiut J"S"S latitude, and northern Atacarr 
and _ formatwns, between latitude. These include tl 

: :; semiapd -!C,r ,;;_.}:•: ' • •• . : . • : ...... _ ;,,/· - -- c... largely :Peruvian genera,_-Isfaya, . and !Jictyophr.a . 
. · . . . a lJf mus, and largely Chtlea?; Gypothamnium, Ox_ 
: -:;·:,: ·. . .· .· m. }he between and- and Eulychma. A considerable number of eJ 

for . . . . demics occur a Wide of genera, A mbrosia, Argyli. 
,,; . vive. )p a this ac.ts as ,;:ti), Impor:tant ___ __ , ___ . __ 

·-- :· - ;-;- Chilean ·and Peruvian_-fioras. As these onl): __ s.hare_ . Ere:nochans. Muller (1985a) calculated 42% overall endemism Wi.thin the p 
. about floristic. similarity at the species . < . · · . . · ; . · ·· ruvian lomas formations, 62% endemism for' -soutbern Peru formations and 22 .," fJ,:·: ::: :7ite-·region ·'around ifseJ.t:is ·;clearry Peruvian for central Per:u , • · . · . · .. -. . , - . , · . ·. . . · . · ' . 
- · ·-·· and 'drop 9ut_ or __ .. _. . the of ·principally Andean distrib· 

: .: , . . of Arica. Thiee o(the most impor:t-'lnt, cactus genera qule . With coastal disJu_nct -are m northern Per.u, specifically bet wee 
Copiapoa; and _Neoporteria) aUfailto cross into Peru. 8 _and 121 Lat. In this regton; various families \ll.ith typieally more mesic i 

. important genrn ofroastat f'eruvi.iu:l _ca,cti · · qmreme_n_ts represented, e.g., Pteridaceae,. Orchidaceae, Passifloracea'e, Pipe 
" , "' .. _.. . ..-, .. W 1 aceae, TJ;tis mesic geographic positic 
• - , · 'species wbic? are a dominant aspect of,the Peru ofthese,fonna.tlons tim,es . • ·:;.. . , . 

are ofxery limited distribution in Atacama. The lirmt ofter- A few North Amencan Species wtth aniphitropic- disjunct distributions a 
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· ;1, 

=--.! ;- .. ·.t ·siock' c 
:. :..:·:.( siiares:little -
-- · -· 

-· 'd o·'·ll-'"'- 19_8_8.) ·_. ·· ,, _--,- · --_ · .. :·· .. ,·:; ::: rtr.'?·: ... ·-; ;•;,;-.": , ·-: . -:,-_ -, , ... ----. ·. t ., ••. an 1 OD • · _ . _, .• _,, . .. _,_ ..... • ..... " _ .- . , •. . _ , , . • . - B;:J .. . 

Other N onh :i>bvfo\IS' by Turner:·: - : ')··, -: 
(i 972) as '"tWo or more morphologiCally similar po'pulations that are v.ideiy'"sej)- .,:: 
arated spatially, the more remote elements ·having become isolated through 
dissemination of appropriate c.olonizers from wme extant population or gene 

. pool."-Tbese .include A'ai1ia Pa:Yon) Choisy, Phyla nodijlora, 
:-:·. Linaria (L3.m.) Griseb., Triodanis 
-cL perfoiiata ·(L-:-J Nieuwl., ,Cres+a--r'nditimsis '=k'B:K:;:.:M alacothrix· clevelandii A. 

_ _ _c. _ _ - G'ray;1rahla ambroswiiles La g., 'A.mbiycftJcipp';;; pmllliiSJroOK.-&-Afii., anaPenfji/e::-----:--
.: -; ' :: Torr:: an species .. with <iistribUtions North America and the Pe-

·- '- >:·,··ruvian and' or .At:acaffia Deserts, ii'aiterris''6idis}im.ct distributions possibly 
-c: :• reflect the long history ofstable arid co:ndiiioifs in thes.outhem Peru and northern . 

·' A tacaiiui Deseru. A fev/ t.aX:h' arid regions the world. 

.,.. 

· . ;_._ 

----. - . . __ ...... ' ----- ---

For example·, the '"1despreaci Cafpobrotus chilensis and .Mesembryan-
themuin crysral!inum L.;· both undoubtedly ha've ilieir'origins in South Afric:t. 

. . . . _;"; · -·: · . _· .. ,-· ·:· .. . . ·· ·- .. . .: . . 
--·• : ":' -'1· . .-.:· 

CONO.USIONS 
-· . . . ' - : --- ., .,.,, -. . . : - . . . I 

·, ·.Despite the unifying iT)fiuepces of extreme aridity, inild temperatures, and fog · · 
. . . . . ,_ . diversity'of plant_:c'Ommunities jn the coastal A tacarp'a 

,. ' . . - : ;r>e'serts: are remarkably":VariC?d, :Tliese difihences coiTespo!ld_).'.;7u .... i" . _, 
. . -. : ;! ;:; ,th.e 'pahe:iJ!s .·.separating nof-tJ;tem Chile -from : SO\lthefl) · .-· ·":. . . 

.. -· .: , ··' : the. extensive __ · .; .. 
._,, .: :• ... '\ ··•\ ' stands margins the .. . . ,: .. · . .. :; ,, 

" · ! : , .• • :.: ... shaipl)i diStinguishes these c6mmumtieS'fioni the shrub-dominated Chilean , .. -- ·.. . . ·.· ' · .· .·. -. , . northeh{ Peni'vian .. . . , .. , 

J .J • ••• 
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