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FLOOD FREQUENCY AND THE ASSEMBLAGE OF DISPERSAL TYPES iN 
GARDENS OF THE NARRO'VVS, ZION NATIONAL PUTAH 

p, Malanson' and JOimne KIIY' 

of the Nanows, Ziol1 National Pm'\;:, Utah, are 
walls, The lire isolated from each alb,,)r 

Gardens consist mo,tly of herbaeool>s 
are diverse as gn:nlp1 and very 

of the distribllliclUl ilf spedes in 
in of different alhibates and disturbance 
ratio test. anll.ly:ws the ,ineidence of 

'nle flood !reqlle,wy and soil 
v,i!lriables of area, distance to seed SOU.l'('es, and rehUivc: do 

spore" dominate a guild in the flood-prmw 
SUpport more species, 

flo,)(iI'd 

National Park of southwestern Utah is 
renO,';lned for the sheer canYOns of t.he North 
Fork of the Virgin River, dissect over 
HOO 1.'11 of Navaho sandstone, Compared to 

other sites, verHcal joillling cO!lclmtnlJes Ihe 

arid and semiarid environments of thc 
Plateau, the climate of the narIOW 

canyons is cool and moist, and direct sunlight 
rnay penetrate for only a few hours pCI' day . 

. expanses of canyon walls suppo;·t 
no Vascular p1ants, including 
shruhs and trees such as Pinus in­
habit the crevk'es. Perhaps the 

emmnunities of the ean-
am hanging which iB-

fems and wildflowen;among their "pc­
u here as 

at per-

or travertine from c<llclunl 

however, is aB 
movement of 

seep-

constrain!: on the 
hetween 
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Fig. 1. A hanging garden in the Narrows, Zion National Park, Utah. 

sites of different sizes and degrees of isola­
tion, and (3) tirne elapsed since sites were 
opened by disturbance. 

Few authors have investigated the vegeta­
tion of hanging gardens, and tbeir con­
clusions emphasize the importance .of habitat 
and isolation as controls of plant distriblItion. 
Woodl:ml'Y (193:3) outlined prirnal'y succes­
sion at seeps from algae to m.osses and vascu­
lar plants. Welsh alld Toft (1976) disclosed 
t.he geographiCltl affinities of species they 
found at seeps of different morphology, call-

lu~nging gardens "relictual refugia" of 
species not native to the region.. 'Welsh and 
\Nood (Hl76) sl:udied structure, and Wood 
und Vllelsh (] 976) measured prodlIctivity of 
hanging gal"dens, finding stability of both. 
Nebeker et ,)1. examined floristic sim-
ilarily, flow·er and dispersal type in 
hanging gardens, and concluded that the as­
seruhlages were "randOlll assortments of indi­
Viduals from the species pool capable of ex­
ploiting the environments of indiVidual sites." 

Mful11lllson (1980) recently explol',ed the 
relationships of species and h,)bitat in hang-

jng gardens of Zion Canyon. Although t.he 
gardens were floristically dissimilar, 
assemblages did nol: clearly vary 
perceptible differences in physical environ­
ment. Tests of species presence across a 
range of habitat and spatial 
dnoed few significant relationships. A 
gardens had relative]y high levels of solar 
radiation that might exc.lude several S!Jleel:es. 
He a150 round a speeies-area 
characteristic or small islands 
and Jones 1969). 

Malanson (.W80) concluded that other fac­
tors must influence assembIages of "'«''';I';u.),; 

gardens. This study examines the 
spatial characteristics and disturbance his­
tmies of the gardens affect the of 
dispersal types, and thereby the plant assem­
blages. 

METHODS 

Vile sampled 29 of the 160 
observed in an 8 km section of 
and ii'll 0.75 km of a tributary 
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Fig. 2. The location of sampled hanging gardens and the lopography of the !'Jano
ws

. 
of the gardens, spaced at 2 m intervals llind 
perpendicular to the axis, Specie~ W(~l'e 
identified in the field or at the GarreU Her­
barium, Universily of Utah, and were suh­

Ca:nyon) between June and September 1971 
(!fi~ .. 2). Sites were selected for approach­
;;J,blhty, though five were readled only 
through technical climbing, and for variety 
o,f. garden sizes. Speeies presence was record­
ed along line transects spanning the breadth 

sequently classified according to 
type, S1ccording to Dansereau and 
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(1957). descriptions in floms of the 
western United (Arnow Wyckoff 
HJ77,. Dav.is 1952, Flowers 197.3, Hitchcock 
and Cronquist 197.3, Munz .and Keck 1970} 
fa.dlitatedthis classification. MalansoD (1980) 
provides additional information Dill sample 

.d.esfgn. 
Wemeaull;ed three spatial variables to test 

theaPP]!lcabHity of island biogeographic hy­
potheses to the distdbution of hal1ging gar­
den These variabhls are (1) area of 

gard:ens,(:2) relative iso,lation from other 
ga.rdens, .and (3) distance of gardens f~om the 
terminllsofthe Gateway to the Narrows 
Trail. Area was derived from vegetation sur­
vey . transects. Isolation is defined as the ~'um 
of fhe distances from each garden to. its three 
nearest nej,ghbors, as determined from a top-
111"-.," """". map (ZNHA 1977), This arbitrary 
measure was suggested by the stepping-stone 

whereby species ·colonize one "island" 
(WHl another (MacArthur and Wilson 1967). 
The terminus .of the Gateway to the Narrows 
Trail cOllldrles with the entrance to the Nar­
rows (Fig. 2), The tmil receives much pedes­
tl"hm tour,is!" traffic, but nse declines markedly 
beyond It The distance provides a cmde in­
dex of gudens' accessibility to. animal­
dispersed or riparian originating out­
side the Narrows environment. 

Because flash fJloods are a commoll envi­
romnenhll. distllrhlmce of Zion Canyon, we 

the sllsceptibUity of gardens to in­
undation,. The discharge of the North fork of 
the Virgin River is I-ecordedat a USGS gauge 
10 krn downstream from the Narrows .. Mad­
dox. Hart, Gild Hawkins (U.n7) calculated the 
expected return periods fo.r i.nstantaneollS 
jleal flows (roll:l magnitud.,e ,md fmquency 
dala recorded at this gauge. Aftel' measuring 
the various ean'\'on widths andelevati.ons 
where .Il!lnging i,mlens are located, weesti­
mllilted the, probable frequenCies of flooding 
fOI" garden. Two d.,sses of flood fre­
queney were lIsed: less than 7.5 yr and great­
er thun yr. These should be distinct 
and IlUOW some m~ll'gjn of error without 
overl;:tp. \lVe abo measured soil depth, aSSUIl1-

ll.)gthat. floods woul.d scour soil 
fl'OLU "' •.• "',"'~"" 

. TlltlG1! .' fOll hetemgeneity (Sokal 
imd 1\~1!1J 19f%l)wllis . to disclose signifi­
cant (lifferences in the ineidellce of the four 

TAIlLE L Incidence of tested U"P"':~'" 
of the variables and 
frequency ill 
__ ".'.'N_ .. _____ . ____ . __ .". ___ _ -.,-... -~-~.~---

Class 

Area 0-10 21 10 4 3 

lO-25 ]9' Il 5 2; 

25-50 14 8 4 0 

<50 19 28 12 12 
".--.~,--.... ---.-., .. ----"."----.---.~-~------

Isolation 0-80 10 13 '7 5 

(m) 8J-160 26 24 12 ]9 

161-240 J4 5 3 I 

2:41-.120 1.1 9' 1. () 

<:320 12 7 2 :2 

Dist,lIlce ,:.00-1630 11 25 9 5 
(m) 1631-2760 8 6 1 0 

::n(3.1-38!lO 2.3 11 5 0 

:3891-5020 21 12 9 8 
5021-6150 10 4 I 'J 

".~ __ ._."" __ ._. _______ " ___ o,~_ •. · ___ ···_·_··· __ ·"··_" __ ·~·" 

Soil depth 0-1 19 12 1 1 

(eln) I-Z 29 J8 10 10 
2-4 8 1 0 2 
4-8 ] 0 :.1 

<8 12 25 14 

Flood <7.5 5] 2:1 .12 14 
>15 20 25 II 12 

So,il depth (em) 
0-1 1-2 2-4 '!-8 <8 

Flood ----- -------- ----- -
<7.,5 7 9 2 0 

>15 1 I 0 J 4 

most common dispersal types between dass.e:~, 
of the spatial variables and soilli 
1). Only spores, wind-blown, 
fIeshy types were abundant 
vide meaningful tests, \Ve used a 
of p = .05 for signiJicance., Because INe 
muUiple comparisons, the .05 chance of 
lenol" applies to the individual tests 
(1£=3, but the probability of 
wid,e error" is much higher. To hmit 
Inent wide error to .05 we judged 
tests at p = .001 (Gabriel 1966). Single tests of 
dispersal type and of soil depth between the 
two flood frequency categories were made at 
p=.05. 

RESULTS 

Forty-eight species were counted in the 29 
hanging gardens (Table 2)., The of 
species o,ccurrence ranges frOl'n I 'to 17 . 
13 species were found in Inore than four 
dens. The number of species per 
ranges from 2 to 20. The average 



to the to N~n· 
rows are between 500-2000 In, 

and 300n-5000 rn. 

'li!'e:I:ldl,f','/1 vers:icolol' 
}!~DCI~S SP', 

l.ob,eij£J cardina/is 
J1IIti:multl~ carciina/is 
j\ifi'Ulll !:IJ\S 

<wu:u:u:,enver'/:!I!I mexlcanu 
Nas:turt'i1l1rl officinale 
POll neoadc'I1sis 

:rall'icans 
Rubus lelicodemlLI 

sp. 
sp. 

','"ndillcina stellata 
:Sp,j'uzgnum sp, 
Spliuignaceae 
Taraxacum officinalis 
T!'I:(ll'Iclmm fendleri 
Viola spp. 
unidentified # 1 
,midentifieci # 2, 
unici,entified #3 

#4 

\.5 
6 
1 
4 
J 

13 
12 

] 

8 
3 
1 
3 
5 
I 

17 
9 
2 
3 
3 
1 
3 
4 

10 
2 
2 
3 

1:3 
1 
1 
2 
2; 

2; 

2 
3 
1 
1 
7 

14 
!l 
4 
2; 

3 
1 
1 
2 
1 

spore 

plumed 
wind-blown 
fleshy 
wind-blown 

plumed 
spiny 
SPOI"C 

Willd-hlown 
spore 
wind-blown 
heavy 
heall)' 
'~ringed 
glandular 
spore 
w,ifld-hlown 
windhlown 
wind-blown 
wind-blown 
heavy 
wind-blown 
wind-blown 
wind-blown 
wind-blown 
flesh v 
flesh~ 
wind-blown 
wind-blown 
fleshy 
spore 
spore 
plumed 
wind-blown 
expulsive 

7.3~pec:ies, but in the seven gardens found to 
be mfrequently flooded the average is 12. 
Tbesl! seven gardens contain 80 percent of 
the rare species. An but one species identi-
fi,ed are p,erenniat 

Nineteen sampl'l:ld 
within the !"ange Ilash 
pected rec~lI"J'eiu:e 
seven are 
walls to escape 
pected recurrence 
and 29 probahlv never 
Three gardens 'could not 
cally ill either class. 

Individual tests at p = 
higher. . of spore 
the smaller and more 
larger proportion of th,e heavier, ,·"" .. na,,<' 

fleshy in the Ilml Isohtled 
gardens. However, applying the 
~ = ,am leVel. to Hmit the prohilbiHt)l of Type 
] enol' wlthm the the statistic I't) " 

veal,ed no significant in the 20 
spatial tests (Table 

AIHong tIle 1.0 soil depth tests, Ihe sta-
tistic indicated a differenct) ill dis" 
persal type between the shallowest (0-1 
and the deepesl (8 em) The 
of dispersal typesal1d soil. depths stgnU'iclwtlv 
differed belwecn the two dasses d Hood ~u;~" 
ceplibHity. The frequel1tly flooded 
usually have thin soils and !it high inddoilcO 
of spore dispersal types, and the heavier, 
plum.ed, and fleshy dispersal types mId deep­
er SOlis are mmre common in the infrequently 

flooded gardens. 

DISCUSSION flNI) CONCLUSIONS 

The sizes of the hanging gardens vary 
greatly, from 2 to 100 m among samples. 
:MoslI: values of isolation are low. Twenty-four 
.glOlfdens are less than 300 m from the nearest 
three neighbors. All but four distances from 

The length of time seeps arc available for 
colonization between disturbances seems fin 

important control of plant assen1bIages. The 
mosses and ferns disperse by miil.:roscopic 
wind-blown spores and can establish tbem­
se1v,es rapidly in recently flooded gardens, 
Howeve r, at least seven species disperse 
through spores, and a few inditviduah of otber 
dispersal types do establitsh themselve~ in fre 
quel1tly flooded gardens, so garden commu­
nities are not necessarily similar. The postu­
lated susceptibility of 6f5 percent of 
sample to frequent floods may explain why 
spore-dispersed plants were the most com­
mon types. Nebeker et a!. (1977) found bird­
dispersed types to be most common in hang-
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~ cltaUsl.ie (p = .05 or less) for incidence of types in eate-
and incidence of soil depth dasses in categones of flood 

W-2S, 
25~50 

bolallon: (m) 
0-80 
8J-]6() 
16J.-240 
241-320 

J)islmu:e (rn) 
500-1.6aO 
1631-2760 
2761-38~lO 
3891-5020 

Soildeptl! (ern) 
0-1 
1-2 
2-4 
4-8 

FiiJod 
7,5 

Soil depth (em) 
Flood <7.5 

10-2.5 

BI-HID 

1631-2760 

1-2 
.0.'5 

<15 
.05 

Flood 
,Of 

25-:50 
.0.'5 

161-240 

.05 

27fH-,3890 
.01 

2-4 

]5 

ing gardens of Arches and Canyonl:al1(t~ Na­
Hanal Parks. Where gardell habitats are s-el­
dom disturbed, IHrge-seede,d species are prob­
Hbly more successful competitors in plant 
~uccession. because their larger propagules 
provid(~ more energy to their seedlings. 

The term lumgln,g gardens is useful from 
the standJPOint of vegetation physiognomy, 
but ithfu\s little relevance to floristic composi­
tion and ecology. 'rhe species compositions of 
2~)i h~ulging giu'dens in the Narrows of Zion 
Canyon were ,quite dissimilar, and variaMes 
of I~he gard.ens' physical. environment do not 
IIffm:d a convincing explanation of t'11e differ­
ences (Malanson 1980). Dispersal seems to ibe 
mOl',eimporhmt in influencing plant assem­
bhlges than the early successional envimn­
ment represented b)! snit depth, because Ma­
lanson (1980) did oot find many species 
lim.ited by that vtll'iab~e, 

The spatia] variables of arelili, distance to a 
!.ikel)' seed source, and reiativeisolation com­
mOllly are IJsedby island biogeographers to 
predict species distrU:mtions. Hanging gar-

<,;0 
.05 

241-320 
.05 
.01 

3891--5020 
.05 

·i-8 
.02 

<320 

5020-6150 
.05 

<8 
.001 

.05 
.01 

Probability of it Type I 
error among tests 

.40 

.so 

.80 

.BO 

,05 

.01 

dens in the Narrows, however, are not de­
monstrably in equilibrium, and, without fur­
ther investigation, we cannot support a 
tial explanation of their plant assemblages. 

Most species of the Zion Nanows could be 
considered "fugitive species" sensu P'iatt 
(1975). in being both perennial and com­
paratively vagile (annual colonizers are clas­
sified as "mderals"). According to this 
od, follOWing flash floods, the able 
would qllkkmy occupy open spaces. 
later stages of colonization, perennials 
be more successful than annuals. Dispersal of 
aarmuals to a new site already 
perennials would have a low 
Success because of the scarcity 
spots. There may also be a high risk of seed 
loss from any established annuals. the 
restricted habitat spaces avaiiabIe and the 
vert.ical natme ·of the Narrows envimnment. 
At the gardens situated above the 
crests, the fugitive species would give way to 
species with larger seeds. 
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