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VASCULAR PLANTS

Aquat1c and Semi- aquat1c spec1es.- Kepner (1981) included only.

three aquat1c and semi- aquatlc p1ant species, cattail ( ypha Sp. ),.

duckweed (Lemna sp, ), and 1ntr0duced watercress (Nasturtium officinale)s

—"ﬁﬁﬂy“ffam“tﬁttTe-waterrng'tanxs {Tab ble =

A*;14 taxa (1nc]ud1ng 12 vascu]ar species, a fern, and a horseta11) is

now. known from the watershed; 1nc1ud1ng feur spec1es so. far recorded

9

Tinhis compena1um ‘7 Ehe f]ora o thie Arava1pa creek averA-total ofum~mm#ﬁ”4“

~TABLE 1. -Aquatic and semi-aquatic plants known from the Aravaipa
Creek watershed, Graham and P1na1 counties, Ar1zona

‘Equisetaceae . o o Naaadaceae
_ Equisetum arvense Najas quadaTupensis
: n _ L.emnaceae '
salviniaceae -~ Lemna sp.

Azolla f111CU101des

Cyperaceae 2
Typhaceae Scirpus. ca11fornicum-/
S. americanus '

Typha sp. - ' i ' _
Typha dom1ngens1sg/ - . C erus (near b revifo]ius)g{ _

E]eochar1s sp.
E. rosteilata

Zosteraceae 2/
Potamogeton pect1natus .
P. Foliosus(?) Cruciferae .

e | | Nasturtium off1c1na1e -

*/An additional large aquatic plant, the charophycean alga Chara SPes
also is known from the stream and from cattle-watering tanks

2/ pecorded only from cattle-watering tanks.

During the forma]'éiudy period (1976-78), discharge re]afﬁqns.in
Aravaipa Creek were such that aquatic and semi-aquatic plants were
essentially absent from the channel. Removal and disruption of the
streambed was apparently sufficient to remove not only vegetative

parts, but also bropagu]es, and long reaches of stream were dev
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vegétatidn.. Re-colonization commenced each year from protected refugia

~along the channel and in tr1butar1es where flood effects were m1n1mai.

© No attempt was made to quantify minor stands of sem1—aquat1c'and

aquatic p1ants in the stream during the- study period.-

My 1nna -term_ohservations. of_Araya1pa_Ereekedue_howexer. allow forww#,,pqmw

e qua11tat1ve discussion of relations of these plants w1th1n the overal]

system. Data .for watercress serve to 11Tustrate cond1tions for most

k1nds, s;nee 1t 1s. the; dom1nant spec1es fnvad1ng and‘occupy1ng the

' spring”1ike conditions

channel when relatively: 10ng ~-term stab111ty occurs, Th1s-p1ant was

‘naturalized to North America “from Europe (FEFHE]&;]QSO); and 15 most
. characteristic. of brooks,-springheads,~and'marshes,fand‘jn.the American

. Southwest is commonly found were underflow-in coarse streambeds .creates

- T know of 11tt1e spec1f1c 1nformat1on on the "

eco?ogy of watercress, but have made a number of personal notes 1n

Aravaipa Creek and elsewhere, (Minckley 1963). The speczes seems a

- "fugitive," serv1ng as an early colonist or as a dominant of narrow

n1che breadth in special habitats. Character1stﬂcs of its 11festy1e :

seem to be: 1) waters_of relatively high free carboh diexide content;

either from inflow oflsprings of from Tocal reducing condifipns} 2)
flowing water, whfch‘presumab1y assists in respiration;of submerged
pafts-thaﬁ grow in reducing hydrosoils; and 3)kpaft1a1 shadinﬁ-from
direct sunlight, at least for part of the day. | '
Watercress chokes the shaded channel of Afavaipa Creek after
periods of Tow discharge and an absence of Scouring floods. In 1972-
1973 it became so dense that flow was constrained by lateral beds, to

the point of stimulating local incision. Drifting mats of uprooted
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' watercress even dammed the stream and 1oca11y'diverted Flow. Hollow R

stems of ‘the p]ant a11ow d1sp1aced mats to float h1gh in the water, 50
that "rafts" of watercress are’ transported for 1ong distances, on1y to.

be depos1ted in eddies or w1th1n other debris, to aga1n root and form

-otherwbeds Y. qcour1nq floods 1n 197a~1979 decmmated the_p'lanta as ‘L_”"_,__ HL.

’ noted before.

Under cond1t1ons of h1gh watercress densit1es, one wou1d expect

Anny

o shift from.an_ autotroph1c nutr1t1ona| system in n.ura1pa C ek |

toward an heterotrophac state., H1gh product1v1ty of watercress |
contributes vast amounts of organ1c materials d1rect1y to the system.,
-Dense beds retain autochthonous and a11ochthonous mater1a1s w1th1n
‘themselves, so that black, ma10dorous detritus forms w1th1n 1arger E

stands. Effects of these probab1e sh1fts 1n troph1c structure ‘on the

system are yet to be eva?uated

Riparian Veaetation.— No spec1f1c studies were poss1b1e on woody

riparian vegetation because of time, manpower, and money constra1nts.
Quantitative and qualitative data. on plant communities comparao1e to ;
‘those along Aravaipa Creek are, however, ava11ab1e for the s1m11ar
Bonita.and Eag1e creeks, eastern Arizona {(Minckley and CTark 1979,
1982). | ‘

Inputs from -terrestrial communities, and their contr1butions to

the aquatic biota of Aravaipa Creek as detr1ta1 materials, have been

—/Leopard frogs (Rana p1p1ens) were remarkably abundant in years of
high densities of watercress. Intuitively, this must result from
cover afforded the frogs from aerial predators such as Black Hawk

Buteogallus anthracinus).
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discussed b& Bruns and MinckTey (1980} and Minckley (1981). Detritus
from a110chthbhdus sources was most abundant in Aravaipa Creek'atter
-tTooding,_which carries the terrestrfaj materie]s from_thezwatersﬁedl
‘into the aquatic system. Downstreaﬁ_expokt and assiﬁiTation by
animals ‘reduced these materia?s te negi1g1b1e amounts w1th1n 45 to 60

dayswefter inpet The system thererore depends mos t heavi?y on

. aUtochthonous mater1aTs 1n-per1ods of 1ow d1scharge5 and'on terrestrial

_1nputs in brief per1ods 1mmed1ate]y fo1ioW1ng f]oods.' Similar- findings .

~ for another Sonoran Desert stream have appeared for Sycamore Creek,

r

MANAGEMENT RECOMM_ENDATIONS -'

Potential managementupnoblensmassociated with the Aravaipa Canyon

Wilderness Area may.-be divided tnto:tﬂq:genera1;categoriesé. 1) those

originating external to the Wilderness Area in.other portions of the

‘watershed; and 2) those resulting from activities within the federal -

honings. _
A statement on the dynam1cs of stream systems is approprlate

as an 1ntroduct1on to potent1a1 1mpacts on Aravaipa Creek: of changes '

outside the Wilderness Area (italics mine; quoted from Hendr1ckson\

and M1nck1ey 1982):

The dynam1c nature of stream systems has Tong been
recognized, and the dynamic equilibrium concept of geomorph-
ology is important to thorough understand1ng ..of Aravawga
Creek.. Simply stated, the principle of this concept is:

...that the river systems proceed toward. conditions
of a steady-state balance, wherein the open systems
balance a continuous (though not necessarily constant)
supply and removal of water and sediment by adjustment
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- of geometry of the system 1tse1f This steady—state
open system is only rarely characterized by exact
- equilibrium, and generally the river and its landscape
tend toward a mean form, definable only in terms of
. statistical means and extremes. (Chorley 1962).

Unlike previous concepts, this "quasi- equ111br1um" does not
attempt to predict ‘the ultimate form a river may take through
. - asum total of changes through time, but rather suggesis a
colm—ctatistical-range of. immediate. dynamic responses to any

T instantaneous change in. the system. Rivers are recognized as = T R

" not being static entities. We now understand the river.
channel as a form representing the most efficient, in terms. of

‘energy ut111zat1on, geometry capable.of accomodating the sum

- totat-of -means and-extremes-of. variability of flows that have

. pecurred. throughout its history (Curry. 1972) Variables in a.

[@ L W

Fiver channel thus ‘interact, and the total system i57in
quasi-equilibrium;’ each variable reacting at d1fferent rates f

“to compensate for changes in others. .

A

: Phys1ca1 changes in the watershed outs1de the N11derness Area, e, g_,
channe11zat1on of the mainstream or 1ts tr1butar1es, mod1f1cations of
vegetat1on as a resu]t of graz1ng po11c1es or other changes 1n 1and

use, W water appropr1at1ons resu1t1ng 1n upstream pumpage or bu11d1ng

-of impoundments, and 50 0N, may thus be proaected to- result 1n
._appropr1ate aaaustments 1n Arava1pa Canyon., My major recommendat1on
-§s therefore to systemat1ca11y mon1tor activities of State, Federal
.and Pr1vate 1andho1ders in the watershed. Such a program wil] insure

Tead-time for evaluation of proaected prosects, and for attempts to

ame11orate impacts of changes on the overall system.

Causes for'concern already ex1st1ng include rip- rap stabi1ization

_bf the flood channel of Arava1pa Creek upstream from the or1g1n of

permanent flow. This constraint of ‘the channe1 will result in

degradation, and 1nput of coarse debris into the canyon, wh1ch, in

turn, w111 dictate changes in transport features of the bed]oad

Incision may also result in lowering of water tables in Aravaips
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Valley, changing inputs to the canyon,
Grazing upstream from Aravaipa Canyon has, and remains, heavy,

and ‘theve are local reports of plans to déve1op cattle feedlots in that

“area. Chemfcal results of feedlot development are discussed later.

 Concentration of cattle in upper Aravaipa Valley (or.elsewhere .in the - -

f~,iwhter5hed)xwi1111dgipa11y7resu1t {or has.resulted) 1nrdegradapfon'of: -

"Fﬂﬁbf?mhéié}'£6‘£}§ﬁsbaitw§éd¥héﬁigﬁ"THEQE;iﬁﬁgifbff?iﬁ§:§édiment§ from - .

" the upper Aravaipa Valley aireadyuis charaéteristic of the system

(anck?ey 1981), and 'should be curtailed-as much as possible. Any

PUURSRE, T P

- additional - inputs. of fine materials is unéccepfabTe if quality of

Aravaipa Canyon is to be maintained and perpetuéted.'--
Since 1964, 1 have observed two geﬁ;ra1'patterns of sediment
transport in Aravaipa Creek: 1)'iﬁputs_of-1arge volumes of fine sand

by relatively small, high-intensity spates, and sTow transport of

. resultant bedload through.the system; and 2) inputs of coarser

materials’ (gravel through. boulder), mostly from higher-gradient

‘tributaries, and scour of fine materials from the system, by larger, .

longer-term, and sustained flooding. These two kinds of fnputs'fe$u1f;‘
in general, from summer and winter rains, respectively. Analyseslbf
discharge records avajlable from the U. S, Geological Sunvey,‘and:.
prediction of condifions'df sedimentation from discharge patte;hs;
seem re]ativé]y sfraightforward, and should be part of the over@]T'
monitoring effoft. | |

Flooding and sediment fransport mustAbe recognized as an integral

vt of the_ecoiogy of the Aravaipa Creek system. The first pattern

hove results in "sanding in" of the channel, reducing the
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nimber of pools and creating runs that should enhance fish species such .

; - as iongfin dace (A9051a chrysogaster). Scour, and creation of pools

"(the second pattern of fiooding and sedimentation), .should. in. turn.

1-Joving species {roundtail chub, Gila robusta, |

enhance iarger and poo

'.:spikedace, Meda fulaidas.and Sonoran sucker, Catostomus n51gnis), and

’ “-spec1es characteristic of’ harder bottoms (Toach minnow, Tiarog__cobitis.,

‘ -speckied dace, Rhinichthx__oscuius, -and desert sucker, Pantosteus

-;;clarki) Ana]yses to date have not been fine- grained EﬁﬁUgh te J;,fj S

substantiate such biotic shifts, but they are indicated by ava11ab1e

" data (Minckiey 1981).

Decreases 4n modal discharge as a result of upstream water

appropriations could have disasterous results in Aravaipa Canyon

Wilderness Area. Low flows already are minimal for maintenance of the

aquatic biota. Pumpage; which aiready has drastically altered ground-

" water conditions in the adjacent: -Sulphur Springs Vaiiey (Mann et al.
-]978), might also be ‘expected in- -the Tong term to Tower water tables

.in Aravaipa Valley. Additional wells in Aravaipa Valley also are to be

anticipated as human populations expand and deve10pments‘occur. If
test weiis_to=monitor groundwater Tevels are not aireadj present,,'
they should be drilled. At Teast an annual survey of existing water
levels in local wells should be made and maintained as part of the
monitoring program. | | | '
Impoundment of the upper Aravaipa Valley seems uniikeiy, but
water—retention structures on major tributary canyons are certainly a
future possibility. Flow stabilization at any level in Aravaipa Creek,

other than to maintain the minimum required to support the aquatic
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community, 1s undesirable.- Lowland desert streams.are maihtaihed as
such by their inate var1ab111ty. "Again, sed1ment transport into and
through such streams are integral parts of their ecology, Dams . stop
- sediments and increase competence of - downstream waters,. so degradation |

".occurs'ih the absenoe of *additional inputs to! maintain*the system.

B d1sappear and the bottoms become armored w1th gravel and bou'lders bank

- W1thout sediment inputs, the system changes drast1ca11y - sandbars

"""""""""""" da new equ1Tﬁbr1um is. establ1sned._ +|oous are

' thus re- emphas1zed as 1mportant to transport materials,- scour poo1s. '
v Y-

‘. and generally to re-set the system,’ Stab11ized ftows, as touted by -

Binns' and Eiserman (1979) as a panacea for trout streams, 1s a death L

‘sentence for desert streams as we know them today Much' of the recent

emphasis on "in- stream fTow“ analyses, with an-eye toward stabiTizat1on —
of stream d1scharges between defined 1imits, is thus a totally misquided
approach to management of desert stream systems, and should be reaected

. as v1ab1e a1ternat1ves for any future management scheme for Arava1pa
Creek. | | v

. An additional feature of the Aravaipa Creek watershed that has a
potent1a1 for drast1c alteration of present cond1t1ons is the intro--
duction of non-native b1ot1c elements., Large 1mpoundments bu11t in the
-watershed would 1ikely be stocked with sport f1shes as a1ready are in

some present cattle tanks. Attendent to sports fishing is use of 11ve '

baitfishes, plus stock1ng of mosquitofish (Gambusia affin1s) for pest

. control near campgrounds. As a result, numerous 1ntroduced predators _

and competitors-could appear in the watershed in 2 short period of

time, and would thus be available to invade Aravaipa Creek.



SRP10994 *

~Several fish species 1nd1genous to Arava1pa Creek are 1nferred to

be sensitive to introduced species, viz. the sp1kedace and 1oach

minnow (Minckley and Deacon 1968, Minckley, 1973) d1sappear when put .

in syntopy with introduced red shiner (Notropis 1utrens1s), a species

Tegal. for use as: -bait in Arizona. Green sunfish a1ready enter the

stream from stock tanks in 1ts dra1nage bas1n (M1nck1ey 1981). and w111

be expected to 1ncrease in occurrence as popu1at1ons expand in numbers -

~ and locdl abundaﬁcé """" FTooa1ng 1n—ﬂrava1pa e”eek has_t ;datesdec1mated

this species in the channe], but 1mm1grat1on from refug1a in stock

poends and/or Takes - would 5ubstant1a11y 1ncrease pressure on the system

I recommend a .periodic survey of tanks in the watershed to monitor

1ntroduced species. Negot1at1ons with Tandowners shoqu be’ 1n1t1ated.
and geared toward removal of potent1a11y d1srupt1ve species from the
“watershed. | Any such species.on federal lands should be summar11y
removed, as may those on state- owned -1ands after appropr1ate contacts
~with Arizona Game and Fish Department. Agreements also shou1d be
_ porsued with Arizona Game and Fish Department to ban use of live
baitfishes in the watershed, and w1th County and State pub11c hea1th
authorities to proh1b1t introductions of mosqu1tof15h —/

Potent1a1 chemical problems in Aravaipa Creek re]at1ve to possible

. inputs from old and current mining operations have already been

- considered by ‘Sommerfeld (1961). However, app1iCations for new mining

operations, and for rejuvenation of old claims, should be indtvidually

evaluated and carefully .controlied with respect to poss1b1e influences

2/Mosqu1tof1sh tong inhabited a watering trough at Fred Wood's Ranch on
lower Aravaipa Creek, but were not taken until spring 1982 from the main-..:
stream (Scott Mills, Arizona Nature Conservancy, pers. comm.).
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on the system,- Additional stud1es of heavy metals might also be

| cons1dered after each event such as severe f1ood1ng, to accertain if

s

changes occur in the system. ...
Potent1a] deve1opment of stock-feed1ng operations, a]Tuded to

.. above, may. create 1mmed1ate problems jf realized. Nutr1ent jons 1n

~.biota.

"H=Arava1pa Creek already are relatively’ h1gh (Minckley 1981) but the

' system obv1ou$1y.ass1m11at65 present 1evels to. the benef1t of the

Vast ihcﬁéasé§“fﬁ”ﬁﬁiF7§ﬁfuﬁons, aﬁd”possTBTy‘téiﬁé“ﬁaférT&Tgmwf'”"m" B

“such. as ammonia," could alter the sustem substant1a11y, enhancing »

undesirable algal and other - vegetatlve gﬁﬁﬁfﬁ*to a point which degrades

water quality and aesthetic features of the’' area 0rgan1c 1oadjng
could result in oxygen dep}etzons, and'in'accumu1qtioh of sludges aﬁa
other detrital materials. These potential impacts mﬁy, in turn,’
- create'pub1ic—hea1th‘concerns.a‘kf}iuents frdﬁ any such operatioﬂ
should be directed through tert1any sewage treatment facitlities
.prior to being re1eased into the environment.

Potent1a1 prob]ems within the Wilderness Area all re1ate to

human uses. . Impacts-of. human activities sudi as wood remova1 for _

campfires, removal,

disturbance of habitats from'passage'df‘people‘Or horses' along the
stream @nd its riparian zone, human waste accumulations, and othér
features related to recreat1ona1 uses, all may be contr011ed through :
existing policies and'pract1ces of the Bureau of -Land Management.
Numbers of'pébﬁ1e must be contro]]ed,‘and.monitoring of human impacts
by trained personnel is the.on1y way to assess ovéruse'of the system.

In this respect,'a series of fixed photographic sites should be

desrtuction, or disturbance of wildlife and fishes,
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established and used to assess annual {or shorter.term) changega

~Photographs would also provide an historical.file for longer-term

' eva1uat1ons of human use on: the system, °

Both the channel and the riparian terraces of Aravaipa Creek,

- especially. the former,. are. geo]og1ca11y renewab]e systems. If veget-

ation is not overly damaged by human use, and mjor mod1f1cat1ons of

.“”the channel do not occur, the overall system shou]d ma1n;a1 n itself.

._¥;C=mpf1rps shou]d perhaps be ]1m:'

on'numbers of persons allowed to use the system. Use of dr1ftwood
would seeﬁ renewable; however, w1th upstream mod1f1catuons such as
yip-rap channelization, and further deterioration of upstream,
'.hab1tats, inputs of wood to the system may soon dec11ne. efhaps the
"Bureau of ‘Land Management shou]d provide firewood caches,-and use.
these caches to attract peopie to’ var1ab1e campsites. Caches could
be moved about within the canyon to spread intensive use -such .as |
camping as- much as possible. 1 recommend avo1dance of fixed camp-

sites, a1though physiography of the canyon f100r and its side canyons

‘makes camping far more desirable in certain places than in others.

The most Togical way to maintain wilderness conditions would never-
theless seem to be a maximum d1spersa1 of human impacts. Use of

campfires shqu1d be prohibited in exceed1ng1y dry periods, as it is

on other federal 1ands.- Natural wildfire should, however, be-a11owed |

‘to burn as part of the natural condition.
All attémpts should be made to establish viable cooperative

agreements with the Defenders of Wildlife to extend management pract-

jces deemed necessary in the Wilderness Area to their Reserve. I

"'mmore than the present Timitation- A
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emphasize again that the system dépends'upon.the entire watershed,
“and - that monitoring .plus .cooperation throoghout the-drainage'is neces-
‘sanyfff the small segment,designated as Aravaipa Canyon Nilderness-:

Area is to be pefpetuated. Assessment of 1and.ownerships should be

made, and a buffer zone e tab11shed surround1ng the W11derness Area.

o
(Y

* Contacts and agreements with Iandowners would be most 1mportant in

areas adJacent to the Canyon for some parameters, such as the

so11-eros1on-as a resu]t of changes in gra21ng practnces. bnoader

- contacts and agreements wou]d be Necessary. ; e
Proximity of the w11derness Area to population centers of

Phoenix and Tucson," Arazona, may necessitate estab11shment of advis-

ory“boards to expedite federal-public 1nteract10ns; and to.provide .

Taymen and proféss1ona15 the opportun1ty to part1c1pate in management

decisions. ‘Such a board for specific assessment of 1mpacts of human

- uses on the Canyon might also be desirable.

To summarize with respeét to the aquatic and riparian bidta,

: the principal features stressed during the subject contract period,

external influences are the most 1mportant factors to consider. So

10ng as the system has a constant mi nimum flow, is a]]owed to f1ood

to re- -set the physical and biological systems, and 1ntroductions of

non-native plants and animals are disallowed, Aravaipa Creek ‘should

‘maintain itself for the forseeable future, -
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I. INTRODUCTION

The Sonoran Desert had only a few permanent streams when‘firet colonized

by western Europeans, and according to early -reports (see Carmony'1978J, many

of these were.even then seasonally intermittent. Yet, the ahount eed'rei{e?

.b111ty of surface waters-were certainly greater in the past than at present

““uSWdGuUNEHtEd by records .of aquatic_animals such ‘as beaver (Davis 1973) andr;,j*

-f1shes (M1nck1ey 1973&),' and by “the d1str1bution of sett?ements of native'

;WPEOPTGS {Haury 1973a).

“Arroyo cutting® in the late 1800s (Bryan 1925 Hastings 1959) 1n1t1ated

“major changes in aquatic systems of the American Southwest. This phenomenon,
. poorly understood and variously. attrlbuted to -climatic “change, overgrazing by
- 1ivestock,:a combination of those facters, ‘or other causes’ {Hastings and
Turner 1965}, resulted in.incision of wafercourses and .massive degradation of

‘floodplains. Marshy areas -paralleling streams and rivers, extensive “ciénega“

habitats- that resulted from aggradation—induciﬁg events such as damming by

- beaver, ponding behind natural levees, and soc on, were lost or great1y reduced

in exfent. 'Buffering'effects against drought by high water tables adjacent to

- flowing channels were thus eliminated, and intermittency became more frequent

and severe.

Maﬁ's direct modificatiens commenced in ernest about the turn of the -
present century. - Early agricultural peoples had practiced extensive and.
successful irrigation (Haury 1936, 1976). Bartlett (1854) reported the entire

 Gila River as being locally diverted to agricuitural lands by Indians. How-

ever, their dams leaked, and more importantly were over-ridden and breached by

each spate, so that integrity of downstream riverine environments was assured.
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Behead1ng the desert segment of the first large southwestern river system was
accomp11shed in 1913 wtth closure. of Roosevelt Dam on the Salt River, central
Arlzona. Several other major dams fo1Towed so that Towland parts of major

‘streams in- the region now function only'as de11very systems, or are maintained

hy wastewater discharge (Brown et a1. 1978).

Pumpage of substant1a1 amounts of groundwater started a b1t 1ater than

"”Tdams." That" practice acce1erated de- water1ng of stream ohanneTs and extended o

to ever sma]]er watersheds as techno]ogy 1ncreased and demands rose with

expand1ng popu1ations._ Pumpage now exceeds rates of recharge by many tens of
meters in ‘some drainages, precluding surface flow in most desert channéls

except during flood.

".In places where surface waters, remain, introductions of non-native plants
and animals present’ addittonaT eco1ogical prob1ems. .Saltcedar {principally

Tameryx ch1nens1s) has spread to 1nfest ‘riparian zones of essentia11y all

desert waterways, whether permanent or ephemera] (Robinson 1965 Horton 1977),

and many ‘pative ripartan pTants have ‘¢ceased to successfu11y reproduce (Turner

11974). Few indigenous fishes persist in reservoirs (MinckTey 1973a).. and

those which do reguiarly fail -to reproduce and ultimately .disappear. _Direct

' predatton by young and adults of introduced kinds seems the mechanism for

extirpation of native fishes, both in artificfaI reservoirs and in natural
systems (Minckley et al. 1977, Minckley 1979&).“

The subject of the present report, Aravaipa Creek, Graham 'and .Pinal
counties, Arizona, has not been immune to change.‘ In reaches not protected-b&
bedrock, incision'of the channel is apparent. Cienegas no longer exist as
parts of the system. It has 1ong been used for irrigation within the rela-

tively narrow valley, and diversion dams of mounded sand and gravel similar to
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those construéted in the past by Indians’are perfodically bui]t; resulting. in

”desiccatioh of short reaches' .of stream. Introduced fishes, a1th6ﬂgh present;

remain rare, saltcedar hés.yet to make a substantial invasion, and much of the

native biota tq'be expected in such an area is intact, I commenced studies of

'ﬂ“theﬁstreamwin§&964;<alongwwithmnumerous‘graduate*stﬁdentsMand?co%%eagues, and

herE-Eeport-quaIi;ative and qqantjtativezqesults,for 1964 ;hrough-iBZB, with

- emphasis- on the last three years of ;hq;:period.- Sections“bf‘this feport notﬂ
'nmspeeiﬁiéailym#5itienibymmé;épewsemindicatedmin:iext;;butml;exeﬁcisédmediissdeﬂﬁam».m*_;”

:perogative and any errdrs, omissions, or misinterpretations are my résponéi-

bility. . . B . | | ' r

11. DESCRIPTION OF THE AREA

A. Topography and Geology

The Aravaipa Creek watershed begins at a low divide in the northwest_end-

" of the Sulphur Springs Valley. The channe115f0110ws Tocal Qeo]ogic stfucture

to trend northwest, north of the Galiuro Mquntains and south of the Pinaleﬁo -

~.and Turnbull-Santa Teresa ranges, then turns .west to deep1y' dissect the
..northérn flanks of the Galiuros and enter .the -San Pedro River south of the

"town of Winkleman (Fig. If—l). The watershed compfises-ébout,1,400 km? (ca.

541 square miles).

Although the channel of Aravaipa Creek begins at about 1,400 m -above mean |

w originates from unconsolidated sediments of the

stream bed between 1,010 and 1,080 m (depending updn the year) 6.4 to 5.5 km

lAs used here, “channel" refers to the pertion of the system ‘scoured of
perennial vegetation by flooding, while “floodplain includes alluvium along
the stream that in the case of Aravaipa Creek is bounded by stony terraces or

cliffs (definitions modified from Burkham 1972).
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Sketch map of .the Aravaipa Creek basin, Graham and Pinal
counties, Arizona, showing some features mentioned in text,
SymboIS° 1 = Four-mile Creek; 2 = Turkey Creek; 3 =  ~
Parson's Canyon; 4 = Virgus Canyon, 5 = Holy Joe Canyon;

6 = J, White Ranch; 7 = Wood's Ranch; 8 = Hell's Half= - .
acre Canyon, 9 = Horsecamp Canyon' 10 = Paisano Canyon;
and 11 = Hellhole Canyon, o K
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. . - northwest of the town of Klondyke. Elevation at the confluence of the creek
and the .San Pedro River is 652 m. Relief is spectacular, with pinnacles of
stone; rugged cliffs, and narrow canyons all being common at higher eleva=

tions, merging downslope with comparatively level terraces (Ross -1925, Simons-

'1964). The PifaTenc Mountains Tisé "to almost 3,350 m 1in »elewif‘i‘ﬁi-i‘”,""“'ﬁ‘é"""“““‘"’"“

--Galiuros to 2, 300 ‘m, and the Turnbull-Santa Teresa Mountains te 2, 300 m.

Upper Aravaipa Valley is. broadly inc‘Ised 1nto uplaﬂd p'la'ins of surround‘ing

"“”—"**“——‘rﬁ ghﬂands ‘tu“?“"depth“uf about—500-my 1t~ averages_iﬁ*km—wﬁe*, with—its—upper

: s'lopes smooth, steep, and- terraced. Along the channel , f100dp1a1ns range to

neariy 2.0 kmin width, About 6. 0 km- northwest of K'londyke the valley con-
stricts ‘to a narrow canyon, and for about the next -40 km by stream the

floodplain exceeds 400 m in width 1non1y a-few places. From just below the

. inflow of Turkey Creek, downstream to. an.elevation of ca. 760 m (Wood's Ranch;
Fig, I1I-1), widths of more than 100 m are rare. Walls of the gorge and. scme

of its tributaries -rise vertically for 200 m or more, and the channel occupies

. the entire canyon bottom in places as narrow as 30 to 40 m. Déwnstream from

760 m elevation the canyon widens progressively to. finally pass across the

floodplain of the San Pedro River.

Geology and geologic structure of the Aravaipa Creek area are locally
confusing, but do not seem cverly complex (Simons 1964)., Basin and Range
physmoraphy of the area has three major elements: 1) the Galiuro Mountam-
block, consisting of a thick pile of Tertiary and perhaps Cretaceous vo1can1cs
and minor amounts of older sedimentary and igneous depos1ts' 2) Aravaipa
Valley, underlain by conglomerate and alluvium of Tertiary age and Quaternary

alluvium; and 3) the Santa Teresa and Turnbull Mountain blocks, made up of
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Tertiany granites and a mixture of sedimentary, igneous, and metamorpliic rocks
of various ages. o |
| The present arrangement of mounta1ns and va11eys was 11ke1y estabTished

L pr1or to deposit1on of the Hell Ho1e Cong]omerate of Midd!e or Late Tertiany

' age (S1mons 1964). This rock 1s composed mostTy of angular to rounded
' fragments from - grave! to boquer size, embedded in a sandy matrix. and was

' apparently depos1ted through eros1on of the Ga11uro Mounta1n block northeast-

Y

T ward into a structura1 trough now occup1ed by Aravaipa Va11ey. Another layer
was. depos1ted over the Hel] Ho1e Cong]omerate 1n ‘Late P11ocene or. P]eistocene

‘7t1mes {Simons 1964), Termed "Older A11uv1um,“ th1s .deposit or1ginated from

. the Santa Teresa bTock-;o the north and east, and-js continuous 1nto‘the'__

Sulphur Springs Valley and around the southeast end of the P1na1eﬁb Mountains

. into valleys of the San Simon and;the;GiTa rivers, where it has been genena11y :

termed the Gila Conglomerate (see Feview by QIarkson 1979). Terrace and lake
'deposits along upper Aravaipa Creek "presumably are of recent age, but”mey be
as old as Pleistocene (Simons 1964)." |

' Anavafpa Creek was considered by Melton (1960) to represent part of,an
"old drainage" of Arizona, a system of northeast-southwest trending drainage-
' ways that incised and thus persisted through Basin and Range development, thus

providing antecedent channels for integration of the‘present network of water-

courses. Simons (1§64) outTlined the development of Aravaipa Creek in a manner

that generally fits the same scheme, as is quoted below:

1. Deposition of older alluvium along a north-northwest-trending
valley or. basin. The present site of Aravaipa Valley was
evidently a broed alluviated area, perhaps not having external
drainage. The Galiuro Volcanics must have extended farther west
than at present, possibly covering what is now the valley of the

San Pedro River,
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2. Beginning of uplift of .the Galiuro Mountains block together with

. the alluviated valley, on a Basin and Range fault along the west

. flank of the range. Uplift at first was greater north and south

. of the present Aravaipa Canyon than at the canyon. site, so- that

a broad east-trending synclinal warp was formed, its trough

. approximately. along Aravaipa . Canyon. If external  drainage

existed .previously, downstream slopes of ancestral Aravaipa

. Creek were - reversed by the differential uplift; the master

e g Feam may  have been diverted westward toward  the “synclinal -

- trough, or a.closed basin may have formed:temporarily east of .
the Galiuro Mountains, ' : e .

3. Erosioh of -Aravaipa Canyom -initiated either by ovérflow. from a -
closed basin at the Tow point on Tts weSt rim or by the diverted-

been. flowing .at. an altitude not greatly different from its:
present altitude but a thousand feet "or -more higher in the
. stratigraphie--section. - The -major tributaries of-.the Aravaipa
.- probably ~came into existence at this time as watercourses
. consequent - upon land surfaces sloping toward Aravaipa Canyon.
3. - Continued uplift of the Galiuro Mountains. During ‘this uplift,
.Aravaipa Creek was able to..maintain its westerly course~-in
other- words;—it-was -antecedent- to the later period- of uplift--
-and cut its: present canyon. The fault-block origin of the
Galiuro Mountains and the antecedent nature of the present
.. course of Aravaipa Creek were suggested long ago by Davis and
Brooks - (1930). The: southwest-sloping- tributaries of the
Aravaipa, being, with the exception of 0ld Deer Creek, rather
.short and having small catchment-basins, have not been able to
keep pace with the downcutting of Aravaipa Creek, and their
junctions with the master stream are strongly discordant. On
the ' other hand, -north-sloping tributaries are - longer, have
larger catchment areas, and probably receive more rainfall in
their high. headwaters, and consequently now have accordant

- junctions with the Aravaipa. .

Following this major downcutting, Aravaipa Creek above the gorge widened

its floodplain and cut steep bluffs in the 0lder Alluvium and Hell Hole Con-
glomerate. - At present it flows on its own alluvial deposits. At some time l

during cutting of the present floodplain, the stream must have been blocked

near the present source of perennial water, forming a lake several kilometers

long in Aravaipa valley. This lake persisted Tong encugh to deposit more than .

30 m of sediments, most of which have now largely been removed by erosion

(Simons 1964).

wee—ghcestral Aravaipa Creeky AL this=stegethe Aravaipa—may-have—— "%
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: _ B. Climate

Two major weather stations provide re'lativeTy long-term records near
Aravaipa Creek -- the Fort -Grant station at 1, 486 m elevation near ‘the upper |
ke [« S L Aravaipa ..'.Va.].]e'y;,. and. Dud'leyvﬂ]e {Winkleman) station at 632 m near the.
mouth of the stream (Green and Sellers 1964) Records for K1ondyke, a1though

also of relatwe]y TOng term,_ have substantla'l gaps .and. “have _yet to be__

ofﬁc:alfy summarfzed (U, 8: weather Biueau pub1.shed perwd‘lca'l'[y) As fer

most - of southeastern Arizona (Lowe 1964), chate of the area. 1s rn'i"ld, and a
pattern of 'spring drought ,° summer"mp'nsoons, then more regular winter rainfall
'is strongly developed (F;g.'. 11-2, Table I1I-1). |
"At Fort Grafnt", almost 50% of the mean annual “precip'itation of 31.92 cm-
o falls 1n the period from July throtigh- Septe‘mber, resu1tin'g from an infiux of
. warm, moist air from the'Southeast. "'Instab'l'lity of air masses a1on‘g the
Pinaleno Mountains results in moderate ‘to violent thunderstorms, typi_caﬁy in
- afternoon and early evening. More ‘than 8.0 cm of rainfall has been -recorded
from one of these storm's'. Winter precipitation, only a small fraction of
which occurs as snow, results from Pacific airmasses entering. th’e”area_'from.
‘the west. High mountains such as the Galiuro block 1ntercept someto'f this
moisture, and winter rainfall is therefore Tless than might be expected at
almost 1,600 m. Temperatures at Fort Grant rarely drop be]ow ‘freezing for-
.‘more than a few hours at night in. winter, and summer temperateres rare1y
exceed 32. 2% ¢. winter and ‘Summer extremes are ameliorated by position of the'
station above the. floor of the vaHey, and are undoubtedly greater a few
_rﬁeters downﬂope (Green and Sellers 1964).

. : Dudleyville hee an average annual precipitation of 37.44 cm, 5.5 cm

" greater than that at Fort Grant despite its lower elevation and more western
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. ' Table II-1. -Summary of climatic conditions at Dudleyville (Winkleman), Pinal
o County, and Ft. Grant, Graham County, Arizona {Green and Sellers 1964)... -

DQd]eyvﬂ'Ie Station

Mean Number of Days

. _Months _ Precipitation _ Temperature = Maximm  Minimum
_ e o gt S %

.8 7 . 89
e 308 e 1208 o o o Qe
e

Mo~

t)
0
3
| 3
0.91 ] 20.7 13
0.71 e it 5 259 27
6122 . 28.2: 26
6.71 27.3 - 24
3.20 ' ‘ . 28.3 19
2.16 18.5 6
c2.57 128 0
3.94 8.7 0

—t

ozourcoxmEmc

Ft. Grant Station

J 2.18 7.7 0 12
F 2.13 9.4 0 10
M 2.18 . 11.8 0 4
A 1.17 15.4 1 1.
M 0.66 19.8 5 0
J 1.04 25.1 21 0
d 5.97 26.1 23 0
A 6.35 25.3 20 0
S 3.58 23.3 . 12 0
0 1.91 17.8 2 0
N 2.24 12.1 0 4
D 2.51 8.2 0 14
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T C. Vegetation
by William g. Kepner

— e t“Aravaipg Cfééé=r;'WW;,"' o

includes much of
Southern Arizona.

Upper Songran Life-zone,"
to as high as 2,100 m,'an& in-

» and open wood1and éommdnftfés (Lowe 1964)}
phySfogémy and rich in s See I

" cludes grassland, chaparral

The
flora is diversified in

d rich in pecies-(See'Appendix A).
Ihelenvirons'of upper.Aravaqpéltreek are best Characterized ag desert.
'grasslan&. : This™ ig é highly diversified community whéré"graSSes are .
. co-mingled with yapi '

OUS shrubs sdch”as yu R soth:(Dasxlfrion' -
.. Wheeleri), Jojoba (anmondsia chinensfs}, and beargrags (Noiina mfFrocarpa),

Juniperus menosperma)

s scattered qn'north-facing slopes.

shé]]ow—soi?ed, granTny'to rocky
hi]?§ and slopes,

It often represents a dominated transition between

grass.
either open wood?aﬁdﬂ or chaparral

above and desert- scryb below. .
transitional area, gdesept.

As a

38-1 )

scrub of

Precipitation and

Z0ne,
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.elevation,within this zone usually range from 7.6 to 25.4 ¢m and from 30 to

approx1mate1y 1,200 m, reSpectiver, according to slope expdsure.

.Lower Sonoran desert vegetat1on represents spproximately 9% of the-

Arizona - flora (== 300 species) and 'is most: widely characterized by two

fprincipal Tife-forms: 1) open, well- spaced microphy11ous shrub vegetat1on

that is: e1ther predominant or exc1us1ve, and 2) spinose, succuient and/or

*;_m1crpphy11ous, short- tree vegetatTOn, co11ect1ve1y called desert- sCrub (Kearnyw¥”ﬁ'

gt d1.719607.

The first is most clearly represented by creosote-bush (Larrea divari-
' cata) communities 1in which trees: are usually absent and . shrubs and dwarf

shrubs-ape dominant and widely scattered. This is:a climax community, wh1Eh. S

is. characteristical]y on soils of fine texture: and.cften alkaline, and which

.usuaTTy fnhabits area of low relfef, f.e. the desert floor, - -

The second s most often represented by, but not restricted to,

paloverde-saguaro (Cercidium-Cereus} communities. In-this community, plants

are comprised of .small-leaved trees, as well.as shrubs and-numerous cacti.

Best development s attained on rocky hills 'and coarse-soiled sIopes,{j;g..the

"bajada," where substratum is on or near parent bedrock. Plant mohpho?pgyuis

-highly diverse, with leafless, drought-deciduous, and evergreen species.

Community biomass and -productivity are greater here than “in creosote-bush

communities on va]]ey fill substrates of the plains be]ow. Shrubs are more'v

var1ed than trees, and a]though the foothil:l .understory may be predom1nant1y

of a single spec1es, e.g., triangle-leaf bursage (Ambrosia deltoidea) -or B

brittlebush (Encelie farinosa), it is often comprised of a mixture of 5 to 15

or more shrub and dwarf-shrub species in the form of a layered understory.
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Riparian' habitats are distinct biotic communities associated with
perenn1a1 or "{ntermittent watercourses. .They are unique reservoirs of plant
and animal diversity that extend from desert-shrub of the Lower Sonoran zone

to f1r forests of the Canadian Life-zone. These habitats con51st'of different

1jfe forms or spec1es than those of the 1mmed1ate1y surrounding, non -riparian
climax (Dick Pedd1e and -Hubbard 1977). Rtpar1an communities in Arizona have

' been reduced oF " e11m1nated by pust uﬂd preseﬁt'1and management‘practices to

'”T{Lé po1nt where "{t is estimated that total riparian area comprTses on?y*”“m’"f

1,131.53, km2 w1th1n the state, of which 407.53 km2 are adJacent to the

. mafnstream Gila River (Babcock 1968},

Following the cTaesifieation outlined’ bu Brown and Lowe (1974),
‘vegetation along the immediate banks of Aravaipa Creek best ™ represents the
-Teﬁperate R1par1an Decidous biome,' a waertemperate, winter-deciduous
woodland. Because riparian commun1t1es generally exhibit a pred1ctab1e'
vertical zonat1on where composition and form of riparian woodlands changes
with elevation (Campbell and Green 1968), this biome may be subdivided into
‘fwo major communities ~- Mixed Broadleaf and Cottonwobd-HiTiow (PoguTus-
Salix). | | |

| Mixed broadleaf communities usually are along rubb1e-bottbmed-perennia1

and semi-perennial streams are presently characterized in upper Aravaipa

Valley by a canopy of cottonwood (Populus fremontii), wi]low- (Salix SpP.),

sycamore (Platanus wrightii), velvet ash (Fraxinus pennsylvanica velutina),

walnut (Juglans major), and box elder (Acer nequndo), with & thick, luxuriant

understory. Wild grape (¥itis zrizonica) often provides additional vegetative

cover, A continuum condition exists, where broadleaf species occur throughout

the drainage, but are most prevalent at the upper reaches,
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Although no discrete downstream boundaries exist among species aggre-

gations, vegetation grades_withfn the narrow Aravatpa Canyon into a community

dominated by cottonwood and Willows "(Salix gooddingii and S, thp]andiaha).
The undersfory may be a dense stand of riparian tree feQeneratiOn, or shrubs,

to relatively open_and park-1ike. areas. - ~WiTlows, prifctpally Salix good-

'ﬂingii, greatly'outnumber cottonwood, and Seepwaloﬁ (Baccharfsréaliéifp]ia)

is the principal shrub of’the'uqqersﬁbhy{m‘witekcress (Nasturium bfficina?e);j“““m"‘

- and-rare—cattatl—{Typha sp.) 9row_in the creek alongwith s TysesThs T5cE" o

planfgméémonétrate marked seasonal trends of abundance and cohsfét mostly of -

encrusting  diatoms .'(BaciTTariophytéééJ and  filamentous Cladophoraceae

(Cladophora glomerata) (Bruns and Minckley 1980),

At the 10wér reaches, f100dp1aips are vegetated by wfnter-deciduousﬁmwf*

microbhylfs, e.q, mesquite (Prosogfs Géfﬁtina)-and catclaw ‘(Acacia greggii),
" which form‘aTQistinct boFder associatﬁqﬁhﬁéparating riparian and desert;scruﬁ
'c?#max cohmunities; This transftionalnvegetatioq zone is often cTassifiéd as
a\detfﬁct'community, thé Subtfppfcal DecfduousAWOodland Biome. Within the
Sodoran Desert, it is lérgeTy }estffcted‘to efevatfons below 1,067 m whefe
.méximum déveiopment is attained on alluvium of old f1oodp1a1ns (BEown and Lowe
1974). In the past, annual and berennfa1 grasses and herbs formed the ground

cover within mesquite-dominated bosques,. and the understory was. relatively

open. But today, on the Aravaipa floodplain and elsewhere, introduced annual

forbs: such as heron-bi11 (Erodium cfcutarium), mustérds (London skyrocket;

Sisymbrium irio), and grasses, especially Bermuda grass (gxnodon dactylon),

red brome (Bromus rubens), and Mediterranean grass (Schismus barbatbs), are -

more frequently encountered. Invasion by saltcedar from the San Pedro River

floodplain is threatenﬁng Aravaipa Creek, and its dggressiveness may soon
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‘allow it to outcompete ‘native riparian species such as seepwillow and

burrobush (Hymenoclea monogyra}s

I11.. HISTORICAL REVIEW .

Historical information on the ecoTogy of Arava1pa Creek and ts watershed -

| is remarkab]y scattered and d1ff1cu1t to obtain. Be]1 (1869) produced an

‘iexce11ent account of the upper va}Tey, canyon, and surroundtng terrafn, and. .-

. 1mp11ed that the area was weil known and often v1sited in the m1dd1e 1800s.

Yet only a few additional accounts were d1scovered. Data prov1ded by Hast1ngs

-(1959) and Hastings and Turner (1965), however, a1low considerab1e 1nterpre-'

" tation of changes- in aspect of aquatic,. semi- aquatic, and terrestriaT:

Aenvironments in ‘southeastern Arizona in the past 100 years, and-undoubtedIy

app!y to the Aravaipa region.

First 1ncurs1ons by Caucas1ans into the area of Arava1pa Creek were -

exp1orat1ons by - Francisco Vasquer de Coronado in the 1ate 1630s. and early

' 15405. Accord1ng to O]mstead (1919), the route used by that force in moving

' northward to the-Gila R1ver descended ‘the San Pedro River VaT]ey to Tres'

Alamos Wash, then passed into Sulpher Spr1ngs Valley, presumably to traverse

the broad divide separat1ng the Santa Teresa and P1na1eno mountains. They‘

must therefore have passed at Teast through headwaters of Aravaipa Creek (Fig.

I1- 1) In the 1600s and early 17005, movements north. by Jesuit pr1ests and -

m1ss1on missionaries into the area: of what now is Arizona scarcely extended to

the Aravaipa area. Recall of the Jesuits to Spain in the mid- 17005, along

with ever-increasing-‘host11ities between Apaches and Span1ards, forced

settlers back toward the south or into armed enclaves, and further 1imited

settlement of the area {Minckley 1979b).
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The war:of independence between what is now Mé&ico and Spain further
interrupted orderly immigration in the early 1800s. Settlements were few or
non-existent, and only trappers triveled throﬁgh the area; In 1825 Pattie

(1962) trapped ‘beaver a]ong ‘the- Gila River: and 1ts tr1butar1es in eastern

;Ar1zona, andmascended the..San.Pedro..River.to. cross. the Ga11uro Mountannsutohwmhm
.the Squhur Spr1ngs Va]ley. No ment1on was made of Arava1pa Creek or Canyon o

: -(Dav1s W1973),1Abut Pattie described other r1par1an habitats ‘that must have

OTAl

' re;em_Jed‘those' gng. that St:eﬁT_iLgilghEu by Minckley. 1 :ubj. -

Early reference to Aravaipa Creek'in~01denJ]iteratUre and reports were

.. largely a result of exp1oratibnsmpr“Qa§on or eedT}dedﬁfoutes. Leach (1858)
recorded stream conditions in .southern Arizona.in'lssa; Tncludfng“observationﬁ o
that no .surface flow was present at the mouth of Aravafba'cfeek. nor in the
. lowermest . San Pedro R1ver, cond1t1ons that often occur today. Hutton (1859)
‘reported- that Arava1pa Creek 9r191nated in a large marsh about 8.0 km upstream
-from.the‘canyon, and Bell (1869) may well’ have‘111ustrated that marsh in a
~1ithograph (frmﬁ e photograph). - Be11; travef{dg at night over the divide

between Sulpher Springs ‘Valley and the .uppérmost Aravaipa Creek drainage,

provided the following 1nformat1on.

At last we came to a sudden depression or groove in the centre of
the valley; the Tand had sunk from beneath, and formed a second
Tittle va11ey at the bottom of the first. Th1s was the commencement
of the cafiada-of the Aravaypa. We descended into it, and followed
aleng the dry, grass-covered bottom until the.sides had assumed the
magnitude of bluffs.. The ground became more fertile; brushwood, and
even willows, grew in places; and soon a well-defined water-course -

could be made out running along one’ side of us.

This area is a1most certainly in or near Section 30, Townshib 9 south, Range ,

22 east. Bell and his party then recorded Eureka Spring (near the present

Eureka Ranch) as "warm and sulphurous, and neither fit for_man nor beast."

They traveled 10 additional miles (16 km) on about 17 November 1867, and:
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. . - Bell and.his party spent 5 days in Aravaipa Canyon (22-26 November 1867),

-and his observations on ph_ysica'l and b1olog1ca1 aspects of the area are

reproduced be]ow (pp. 62-76, nen-inclusive):

Camp "having been pitched at the entrance of the canon, a party was
formed to make 'a preliminary .examination of it, and to determine
e e whether--oup---wagons- ‘could--be- taken--through--or —-not...Stuart, our
-+ quarter-master, and myself started over the Mountains upon two good -~
muies, in order ‘to obtain a view.of the defile from above, and to
study the. general Tie of the country.. The scenery was wild and
"utterly desolate beyond the 1ittle narrow streak. of: beautiful vege- ... . .
_tation which-filled the.gorge and.the cahon leading.to it.  Not a . -

et s i LEG_WAS..20..DE._Sseeh,. nOPr_a. -single_patch of green. The country
. , seemed to consist of a succession of mesas, piled. up one. above the
‘ other, 1like terraced mountzins, presenting from five to a dozen
. parapets. Volcanic force considerably assisted in producing the
wild confusion which surrounded us; for many of the summits were
-formed of pointed masses of plutonic rocks which had been forced up
from below, while considerable &reas of surface had been covered
with a thick ‘coating of lava, the broken : -edges of which shone out
smooth and black in.the sunlight. The most prominent mass in the
' ‘Tandscape--called, from its shape, Saddle Mountain--is probably an
’ - extinct volcano. It stands exactly ‘in.front of the trough between

the mountains which we had left, and seems to be the chief obstruc-
tion which prevented the Aravaypa River from continuing its direct
‘course into the Rio Gila, and cbliged it to deviate from north-west
to south-west; for looking over the dreary landscape in the latter
- direction, the rugged outline of the mesa country seemed to us less
- obstructed by formidable barriers on that side; while at our feet we
could trace for miles the black cleft in the éarth's crust which we
knew to be the Araveypa Canon. With a good deal of «cI ‘Imbin-g.' we
- managed to enter a side gorge which debouched upon the main canon,
and by following its windings at last entered the latter about:three
and a half miles from its head, -and then followed its course to
camp, fully persuaded that if. the cafion itself was impracticable for
wagons, no way could be found through the country above it..
Guarding the narrow entrance rises a conic hill, to which we
gave the name of "Look-out Mountain," for it commands a very ex-
tensive view both into the cafion and up the caRada, in the opposite
direction; furthermore, it is most probably that when this country
was inhabited it was used for that purpose, for the stone founda-
tions of a buiiding which formerly covered the summit are still
distinctly visible. Close under this hill a very large spr1ng
gushes out of the ground, the waters of which more than double in
size the Aravaypa stream. Without this large permanent supply of
running water the cafion could probably never have been formed.
_ For the first two miles the walls are perpendicular on one
: side, and sloping on the other; the former do not exceed 500 feet in
’ ' height; but at the end of that distance a Targe trianquiar mass juts
up from the centre of the ravine, which seemed to us to bar all



~ SRP11029

19

‘hncent Breoks DaydSouizh

A
Fa

v
&

HERN APIZCN

THE ARAVAYPA CANON. SOUT

Lithograph from Bell {1869) of Aravaipa Creek

Figure III-3.



o SRP11030
i8

1

The Cerena gignntius.

'Figure I1-2. Lithogréph from Bell (1€€8) of Aravapia Creek.
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...encountered a large spring, which bubbled up from.the ground in
the centre of the cafada; from it flowed a perennial stream of
considerabte volume, whose 1life-giving waters filled the valley
‘helow this point with thick Tuxurient vegetation. :

,..weadqshedithrough'thé_rivu1et into . the thick'grove of cotton-
-woods...what “pleasure it was to see once more. around me trees and

: fJoWers,'t0'1isfén to the song of birds, the rippling of waters, and
'-"“A;éuraény%fsell’s;opSer?atiohs may be"assessed by the followirg resUMé;of his
"obsefvatiqﬁs on‘the pbﬁef_iéiiéy'{361] %859E pp;d614é2} éeeﬂaISh’Figs..IIiéll; "‘E; -

.

- .-MI-Ii-Bz)Jﬂ e . __________ RS ' e R—— :

Afier -descending from Railroad Pass-to the centre of the trough (six
and a half miles), and on changing our course- towards the-north-
west, ‘we do not continue to descend; but, on the contrary, in the -
first twenty-two miles we’'rise again some 200 feet. At about this
point we cross a divide, and commence the real descent towards the
Rio Gila; or, in other words, we enter the basin of the Aravaypa.
This fact is soon made manifest by the appearance of the canada of
the Aravaypa as a groove at the bottom of the trough between the
mountains. From the commencement of this cahada to the point where
jts walls approximate so closely as to form the canon proper the
distance is 25.30 miles, in which interval the . total descent is
1,104 feet. . , ,
* As this great fall does not represent the slope -of the trough
between the mountains, but the gradual deepening of the groove in
. 1its. centre (the . caffada of the Agavaypa), it is easy to understand
- how the cliffs or sides of the canada become higher and higher as we
" descend. Sometimes they " approach each other, and form a natural
- gaté or narrdw passage For the river bed. - Sometimes they recede to -
the distance of two or three -miles apart. -In places they have
perpendicular walls.. —Often they..become sloping banks, and being
_ composed of soft, friable material, mostly drift, they are sometimes
transformed by erosion 1into very picturesque objects, resembling
forts, castles, long lines of earthwork, and the T1ike, which are
chiefly remarkable for the mathematical regularity of their out-
1ines, thus giving a very pecul iar appearance to the whole country,
‘since the traveler is never out of sight of these singular forma-
tionss -for no sooner is one passed then another appears at the next
turning of the gorge. At the back rise the black shining walls and
the deeply-serrated summits of the volcanic ranges on either side.
These gradually approach each other until the trough itself becomes
obliterated, and -the walls of the canada 1in its centre are of
necessity merged into the moquain sides. At the point where the
mountains seem to unite, the canon proper begins.
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further progress. The stream, however, had managed to twine. around
it, and by following in its bed we.succeeded in doing so too.
From this point the walls on both sides are perpendicular.

. . They are formed for the first few miles of conglomerate alone, which
is horizontally stratified;. in fact, drift-washed down by primeval
waves from the mountain's side. But as the gradual fall of the
stream. bed, which is on an average 50 feet per mile, brought us

. deeper into the earth, .we. reached the sandstones, and.gradually

_ passed through them to the hard granite beneath. Luxuriant vege-

tation fills up the space .between the walls; the undergrowth
consists of willcws, young trees, bunch grass, reeds, &c., forming
in many places an impenetrable thicket; and above them a- succession

__.of noble trees tower up towards the sky, as if striving to gain a
glimpse of the upper world. " Under 3 grove of the Toftiest cotton="~
- woods. .and- sycamores, at- 2 distance. of four miles from_the head of -
“the canon, we threw down cur blankets for the first night's rest.
Not far distant, a few deserted Indian wigwams were visible, perched
. upon the top of the cliff, which painfully reminded us of danger.
The setting sun beautifully illuminated three Norman watch-towers,
which some freak of nature had carved out upon the precipice that
rose above our grove of trees. . :

: The obstacles our surveyors had to contend against naturally
made our progress very slow, not more than from two and a haif to
three miles per day being cleared; for a path had to be cut through

~ the brushwood which choked up the. narrow passage, and every tree

" obstructing the vision.of the levelers had to be felled. The
Mexicans whom we had picked up were of great assistance to us. We
hired six of their animals for pack mules, and several of the men to
help as. axe-men in cutting a path through the thickets... During
the second day's advance we came to. a.cave, hollowed out in -the
‘northern wall, capable of concealing about fifty men,... - Apaches
had carried on agriculture to some extent in the canon, for we
passed the remains of a few small irrigating canals in places where
the space between the walls left a sufficient extent of bottom-1land
for such a purpose. ‘ P

As we advanced, the cafion became more and more tortugus.. Bold
walls of rock often énclosed us in front and rear, as well as on
either side; nor could we tell which way to turn until we had come
close upon the apparently insurmountable barrier. Higher and higher
towered the walls. For the first few miles they were flat and
continuous. from base to summit, although portions here and there
stood out 1ike hugh needles or lofty spires from. the main cliffs;
but after attaining a certain height,.the walls became divided. into .
two, the upper portion of which seemed to lean a little back and to
rise from the lower one, 1ike a cliff springing from a cliff. The
walls, in fact, became two stories high, and each story measured
about 400 feet. The strata of the upper story or cliff continued,
as before, to consist of conglomerate; but grey sandstone appeared
at the base of the lower one, and gradually extended upwards. Caves
and grottoes became very numerous, and every mile added to the

grandeur of the chasm.
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L The stream had to be crossed over and over again--often at
every hundred yards; and it was curious- to see how active the little
axg-men of nature, the beavers, had been, for many a wetting was
saved by .our men on- foot being able to cross over the large -trees
which, having been felled by these —T1ittle fellows, had fallen
athwart the stream. -Nor were beavers the only inhabitants.. "Deer
came down to drink at the brook, but by what paths remajned a
mystery to us; quails and doves were very abundant in places; and

« birds with beautiful plumage--some bright red, others rich blue, and
....a third variety, a black and white kingfisher with a bright red

“A crest--especially attracted our notice...a fine flock of turkeys. had
so tempted-the foremost of our party, that, forgetful of the alarm

- they would cause, they had seized their rifles and- fired at them...

‘About . seven .and. a.half miles. from the .entrance, the cafon

becomes so narrow that it appears only as~a-claftrbetveeamthe~hug3~--m»inw e

perpendicular walls which tower above: there is no. space whatever
on either side betweenm the bed of the stream and the-rocks, so that
" the only passage is.in the river. itself...The.action.of.the water,
moreover, has ‘hollowed out the. base of the southern -wall-rock for

from 20 to 30 feet of its thickness, so that we rode under the rock .

itself for some distance. . :
The first "narrows," as we called this passage, having been .

passed, we came to an open space of some fifteen acres, giving us &
good camping ground and plenty.of grass for:.the stock.. This space
. is situated.about the centre of the canon,.and is very beautiful,
being filled with splendid timber, cotton-wood, sycamore, 1ive oak,
ash, willow, walnut, and grotesque old mezquites of moest unusual
size. Fine branches of mistletoe hung from many of the trees...
Just past this open space a great change takes place. In order, it
“would almost. seem, that the traveller should not weary of cold grey
sandstone and conglomerate formations, the sombre tints and hori-
. zontal strata, large quantities of volcanic rock, with their smooth
facets and their. rich.tints varying from purple and red to black, "
burst into view, and alter completely  the.appearance of the walls.
A deep rich fringe of basaltic columns' adorns the terraces on either
side, and this lavaform coating is bright and shining; the edges are
as sharp in outline as if cut with a knife, and produce fantastic
. forms in the shape of turrets; &c., quite different in appearance
from those met with previousiy. Nor 'is the change.to be seen only
in the rocks--the vegetation fimmediately shows the difference of
- g0i1; and, identical in position with the new strata, appeared for
the first time on our route the Cereus giganteus, the largest cactus

with which botanists are acquainted. Here these huge grooved -

columns thrust their thick trunks from between the crags, and rise
up on all sides far above our heads to heights varying from the
baby-plant to the forty-feet. They seem to require no earth; and in
places the walls are covered with them to the very summit. The
secondary columns shoot out from the central stem, and then turn
upwards with studied regularity, forming a circle of four or six
arms around the parent trunk. Besides the "Monumental Cactus," as
it is scmetimes called, large bushes of prickly pear, tufts of
Spanish bayonet and magay, with other species of prickly plants,
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" also find a genial abode up amongst the crags, producing a contrast
most singular and striking between the grotesque spinous vegetation

. upon the walls and the graceful foliage in the narrow passage
beneath. :

* A 1ittle further, the rocks on either side approach so closely
as to obliterate for a second time the entire passage, and this time
the bed of the stream alone remains between the walls for two miles
and- a half of its course. At this part the walls present another

mwbneakwjnmiheinmperpendicularwheight,mand,appeanwtnwconsjsimgiwthree,.”_
terraces of cliffs piled one above the other, each capped with.
basaltic columns; thus showing, as it appears to me, the real nature
of the terraced form. Each ¢1iff or terrace is, in fact, a land-
s1ip into the gorge, the Tlowest terrace representing.. the part

'WearTTEst“‘détﬂth@ﬁ;m“forw"as~'eachg?terracemmisumcaueredm”withuwlgléfﬂrm'm

basalt, it is evident that at some time ecach ledge so. covered.must. ' .. . . .

have formed part of the surface of the ground over which the lava
had flowed. N -

Between the two "narrows" the canon did not widen much, so that
the lengthening shadows overtook us very early in the evening, and
obliged the surveyors to cease from their work; and when the sun had
left the upper world, and night had really come, the blackness of

 darkness around us was absolutely awful, and the stars, which

covered the narrow streak of sky zbove, seemed to change the heavens

into a zigzag belt, every inch of which was radiant with diamonds.

Our camps, too, were very picturesque. The mezquite tree, with its

tortuous stems, grows to an unusual size here, and as the wood makes

magnificent fuel, we found the foot of one of them to be the best
place to pass the night. Dotted about amongst the trees the cheer-
ful blaze of a dozen fires would 1ight up the branches and foliage,
making .the darkness visible, and giving us a glimpse now and then of
the massive walls which towered up above uS...

Three-fourths of the caffon was traversed and surveyed in four
days; the remaining fourth, however, presented the most formidable
obstructions; for large masses of wall-rock had fallen into the
narrow cleft in so many places, that no sooner had we succeeded in
getting our mules and horses over one pile of debris than a fresh
one lay acrass our path. We gradually entered, however, a more
broken and open country, and gaps in the walls became propor-
tionately frequent. Confusion seemed here to reign supreme; no
longer did the zbrupt walls, hem us in, but large masses of rock, 1
may say sides of mountains, lay piled up all around. We measured
one perpendicular cliff, which, from its position, was accessible to
our instruments: found it to be 825 feet high, and this was below
the average of the walls; so it is easy to conceive the relative
magnitude of the rest. From out of this chaos the cafion gradually
emerged, widening out and appreaching more to the extent and
appearance of a narrow valley. The south side first began to break
away with slcping bluffs, covered with cactus and stunted vegeta-
tion, while the north side continued perpendicular for three miles
and a half beyond the second "narrows," where it Jjoined a huge
mountain of ignecus formation, consisting of six basaltic terraces
one above the other, which formed a fine landmark for miles around
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to. show the position of the canon. Beyond th1s are foot-hills on
both sides for two miles more, when: the cafion merges into the
widening valley, which, some six miles further on,. joins that of the
“Rio San Pedro just séuth of Camp Grant. In this valley nearly all
of the water of the Aravaypa sinks into the earth. I hear, in fact
. from residents.at the fort, that for many weeks during the year no
surfacg-water whatever enters the Rio San Pedro from it, a]though in
the canon there is always a fine stream.
 The~ result of the survey from Ra11r0ad Pass to Camp Grant is

~-the folTowing: - .

o . Feet above
: R : Miles - Tide-water
Summit of Railroad Pass « » o o o o« o o 5 o ¢ o s o o « o 4,411
~--playa-deTos Pimas- (centre of trough) .« & —6:80~% oo 45875 -
. Hedd-0f-Aravaypa-Canada e e smeeone-Lleb2w s byl
EUr‘Eka SPI"'Ing. oo " ® 4 @ & ® =3 8 % ® ¥ 0@ 5-89.. » ® '40164
Head of Aravaypa CaPlon « « « -0 o o » = » 19.41 .. . o + 3,370
Leave high-walled caffon « + « v 2 o o o707, 14,49 . . . . 2,645
......l.‘.12l12'...2’174

Camp Grant .+ + + « & &

Total in miles . . . 81,93 _
Photographs of upper Aravaipa Creek in thg”pEriod 1890-1900 (Appendix B)

indicate its floodplain near Klondyke had Seenwpleared and,Was under cujti-
vation. Large cottonwoods and ]1keiy sycamore:appear as- a remnant Qa11ery*

. forest. . Another photograph 'in the series depicts a dense, relatively young

_ stand of cottonwood, which supported thick wild grape. Ground litter in the

group was dense, far more so than can be found at present,  indicating long
protection from fire or flood. . :
Riparian forests along Arava1pa Creek 1n 1890-1900 were massive in size

and develcpment, and seem to have been dom1nated by cottonweod. N1110w and

sycamore also were in evidence, and more of the. former zppeared present than

now is the case in four photographs of upper Aravaipa Creek and its canyon and

dated only "before 1900“ (Appendix B). Young trees attested to a succesSQ

fully-repreducing commun1ty at that time, and there was no ev1dence for heavy

grazing of the understory. Clumps of large reed, also noted by Bell {1869)

(presumably Phragmites australis (Cav.) Trin.), were in the photograph near
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"the ch1mney” on upper Arava1pa Creek, That species is a major stabiTizer.of

ripar1an areas along some Ar1zona streams, aTong w1th with s1m11ar giant reed

ArUndo donax ‘Lo (Minckley 1979&). Phragmites no longer 1s present along

Aravaipa Creek (Appendix A)

Cond1tien -gf- banks- 1n the photographs- prior -to- 1900 appeared -1ess 1ncised

thann1s seen today. R1par1an trees were nearer the water's edge, and cut'

wstabq11ty_of rzpar1en commun1t1es. There was..no, evidence of aquatlc yeges o

tat1on 1n any o1d photograph More modern photographs of Arava1pa Canyon,

-

other than those provided in other parts of the present report are ava11ab1e

" 4in accounts by Hea1d (1950), Kramer (1965}, van Campen (1965), and USBLM

(1979).

Extensive cattle ranching ‘was  practiced in what 1is now seutheastern
Arizona from the.latest 1700's through the early 1800's (Wagoner 1949,
‘Hastings and.Turner 1965). The Spanish land grants were most1ly in operetion
south of the area, and most of these were curtailed by Apache activity in the
1840'5. Following the Gadsden Purchase of 1854, occupation of the,area‘bp

fimericans began to expand, and ranching became a major land use (Calvin 1946).

The Sierra Bonita Ranch included parts of uppermost Aravaipa Valley, and heavy

grazing must have been experienced by the area during that period of time.

Severe reductions 1in renching agéfh occurred in the latest 1800s, when

prolonged, severe drought gripped tHe region (Hastings and Turner 1965) and

great numbers of cattle were sold or died for lack of water and forage'

(Wagoner 1949). ‘Large ranching cperations were established along the
immediate banks of Aravaipa Creek in the 1880s (Kramer 1965), and cattle and

goats became major products (Alexander n.d.).

- banksy -when -present,. were. obv1ous1y lower__at that t1me, 1mplying greater
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Mining exploration and activity .commenced in the 18605; but little

production occurred  until about the 1880-1890 period. Smelting operations

were reported in the Klondyke area in the late 1870s (wilsbn 1950, Simons .

- 1964}, Amounts of metal ‘produced were poorly documented in the ear]y 1900s,

but about 1925 a: m111 was constructed at K1ondyke, and y1e1ds 1ncreased

(Append1x C).. Lead was’ the pr1nc1pa1 meta] produced fo11owed by z1nc and

~small amdUnts of”si1ver;' In the period 1929-31, the K10ndyke area was second

: the 19405 Aravaipa claims were consol idated, mines. were deveToped and the area

became a major-shipper of lead and zinc cres.
trator p]ant(s) was built at Klondyke, which was operated unt11 1949. -Opera=-

tions ceased about 1957. - Since then, limited mining has occurred, except for

sand, gravel, -and rock, although exploration and minor act1v1t1es cont1nue to

“be 1in ev1dence-(USBLM 1970, 1978, and or1g1na1 data). A more detailed treat- .

ment of the mining industry in the Aravaipa Creek area is provided in Append1x
C (see also Section V-A). | h

Direct use of Aravaipa Creek in early days as a water'supp1y, for 1ive-
stock at first, then for Timited f1oodp1a1n agr1cu1ture, and undoubtediy for
mining, sme1t1ng, and concentrator operations, seem1ng1y were compat1b1e with

maintenance of the natural biota. Riparian communities are not now as hjghly

developed as. in the late. 1800's, but species composition remains“ almost

intact.

and canyon have been practiced for more than 100 years (Fred Woods, pere.

comm.), but are transitory enough to have had little effect on the system. .'

. Remnants of mining operations. are documented as relatively high concentrations

of some heavy metallic elements, as is to be outlined later, but none appears

“One or ‘more f1otat1on concen-“‘“‘“”

Diversions for irrigation of pasturage in wider par%s of the valley.
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to have had’ permanent detrimental effects on the biota. The general absence

of app11cat1on of advanced technology 1in the area has allowed eit to be

preserved.

_IV. PHYSICAL ENVIRONMENT OF ARAVAIPA CREEK

A, Stream Channels

“sfructural control, but more frequent1y ref1ect antecedence of channe1s that“;”:“

have carried enough water to successfully downcut during 1oca1 and reg1ona1

- uplifts (Section-II-A). The ma1nstream, above. the source of perennial water, .

follows an'ancient, southeast~ northwest -trending, structura1 valley. Much of

| Turkey Creek para11e1s (a few hundred meters west of) a gent1e sync]inal fold,

h1ch Tikely 1nf1uenced 1ts course. SpectacuTar antecedence is the cross1ng-

of an anticiine by Aravaipa Creek near the 1nf1ow of Bear Canyon, and breach-

ing .of a major section of the Galiuro volcanics at its inner _gorge {Simons

1964, Krieger 1961). The abrupt origin of water in upper Aravaipa Creek is

further attributed by Simons (1964) to the channel crossing at right ang1es a

buried fault scarp that forms an impermeable barrier to "subsurface flow.

Depth to water in wells on the floodplain in 1975 was 1.8 to 4.1 m immediately

be1ow the putative fault line, while those southeast (upstream) of that point

had depths .of water to 15,8 to more than 25 m (Gould ‘and Wilson 1976), hus'.

add1ng credence to present of some kind of barrier to underflow at that point.

Relations of grad1ent of the channe] of Aravaipa Creek to under1ying

structure are generally depicted in Figure IV-1. Gradients range from 1ess‘

than 2.5 m/km -near the source, to grezter than 25 m/km within the gorge, and

to about 5.0 m/km near the San Pedro River. Overall average in the flowing

_The cS@f;éE"of Arava1pa Creek and 1ts t?ﬁbutaries are part1a11y under B




SRP11039

28

’
* Presumed Faull ’I

. " : T (Simony 1904) :
10“ . . . . ‘ " . ‘. ' ) R S .‘ o o -‘ -

AVERAGE GRADIENT | ‘
e E TWEEN - CONTOURS ™ = - =

!,__

" ]
i DiBASE mlcaa;l ¥ CAnvoH
Flrasr Crassey.gilhl. 190304

IN MX102:7

o]
1

ANDETE CUICROP |

! ‘- 1006, i v}
. I g '\ Iwiison & Mowrs 1O88) . i Lt ol
. ! Z
z & |
| - / vioso Al ST\ [V
L 4 | — 1 \j - o~ Y S 4 : -
: 2 [ ~ ) e AP oy« SR
. i v Faaie Tine \_,\
' . . i DAIPPING SFRINGS TROY L BOLEA Fremumag. \FiMONa 1084) TuRkEY
S . ) OUARTZITES (Wiisond Maore 1684, Creasey, mcps L CREEK . o)
) a8 . a ap. 1een) amdearte wip ' - i 1

woopgs ~S5 %
AANCH

OVERALL
GRADIENT

T 1 ) P |
s} 10 20 an 40
' DISTAMCE I KM
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Topographic Quadrangles and literature. cited in the figure. '
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. portion of channel is ca. 8.3 m/km. -Average gradients between contours are
Tow but variable above V1rgus Canyon the mainstream of the Arava1pa, range
from max1ma of 20- to 30 m/km where the stream crosses lgneous d1kes w1th1n the
gorge, and are. again almost unuform below canyon sections (F1g. IV- 1).

Some southwest f1ow1ng tributaries. are_djscpndan; toAAravaipa Lreek,. with

. series of fa11s and other excess1ve]y h1gh grad1ent reaches. They have rather

sma11 catchments and have not kept pace w1th downcutt1ng in the ma1nstream.

receive more rainfall in the massive Ga11uro Mounta1ns. They‘have high, but
more uniform grades, and are accerdant 1in their Junct1ons with the channel.
A?though upper- and. 1owermost Arava1pa Creek flows over re]ativeTy thick, .
recent alluvium, much of the central gorge of the mainstream and many tr1bu-
.tary channels have sed1mentary or.vo]can1c bedrock no more than-a few meters
beneath the1r unconsol1dated substrates (S1mons 1964). Exceptions to this are.
in the largest tributaries, such as Turkey Creek and 01d Deer Creek (upper
Hell Hole Canyon), and in Aravaipa Gorge above its confluence w1th maJor side
canyons such as Virgus and Hell Hole, where deeper deposits are present.
Physical features of the channel of Arava1pa Creek were measured d1rect1y
over 7.8 km in October 1976. From an arbitrary point near Wood' s Ranch,
survey part1es worked both up- and downstream, recording channel and stream
widths and depths at 100-m intervals (Table 1v-1). These data were used to
compute mean values for the reach from the'western_boundary of Aravaipa Canyon
Primitive Area (Fig. II-1) eastward into the canyon for 3.0 km, for another
reach from that boundary for 1.7 km downstream to Wood's Ranch, and for a last

segment from Wood's Ranch for 3.1 km downstream. Percentages of riffle,



| . Lreek, Pinal County, Arizona, October 1976;

Table IV-1.
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Stat1st1cs for physical features of 100-m segments in Arava1pa
ranges in parentheses are for

means of . segments. ugiess marked with asterisk the 1atter are for raw data..

Discharge was 0.31 m /s.
. Parameters . Within p ‘Above:" Below
- . Canyon Wood' s Ranch Wood's Ranch
Mean channel. .. . 16.6+ 6.5 21,9+ 9.3 . 30,2+ 25.2 . .
. width, m - (. 4.6~ 33.9) (.10.3- 26.7) ( 9.1- 95-93
_Mean stream. 7.2+ 2.0 13,7+ %3 9.9 3.0 . -
‘Hid‘t—hy m . -( 362—"’ 1194—) - ‘-~(~'- 861"'. 2‘1.5‘:)&7:_;__: ( ‘-—4-5-1——." 1669-) TR e
Mean depth, .- 10,4+ 2.2 - 7.4% 1.3 - 1.6+ 1.9
oM i (7035 15.8) - ( -5.7=- 10.0) { 5.17 11.9)
Mean maximum 61.6+ 19.3 39.3+ 155 4.2+ 9.1
depth, cm ( 30.0= 100.0) ( 23.0= .90.0) ( 22.0- 58.0)
.Area/100-m 740.7+ 159.3 _1140.31.198.6‘ . 910.5+ 172.0
segments—me- (480.1-1028.7) (777+2-1463.0) (685.871280.2) -
Vol une/100-1 76,3+ 16.7 . 84.6+ 10.7 .. 68.2+ 14.9
segment, m ( 49.1- 108.5) ( 62.1- 101.3) ( 35.9= 116.2)
Percentage 11.3 13.2 11.9
pool* ( 0.0- 50.0 ( 0.0- 45.0). ( 0.0- 80.0)
Percentage 71.9 ' 82.8 _ 8l.4 | .
Criffier ( 40.0- 100.0) ( 5.0- 100.0) - - ( 20. 0- 100 0)
Percentage 16.8 4.6 ' ' 6 7
Percentage 73.3 52,9 548"
singie channel* { 22.4- 100.0) ( 0.0- 94.5) (-‘O_Q- _99 6)
Percentage 26.7 " 16.2 45,2
- braided channel* { 0.0~ .1.5) . ( 0.0- 100.0) ( 0.0~ 100.0)
Pool/riffle- o 0.17 0.24 0.3
Rapid/riffle 0.18 0.09 0.1
ratio* ( 0-0- 008) ( 0-0- 0'3) ( 0-0"‘ 1-5)
~ Percentage - 54,0 55.3 : 29.5
shaded* (' '0.0- 100.0) ( 0.0- 100.0) ( 0.0- 100.0)
‘Number of 30 17 a0

segments
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rapid, and pool, channel configuration (braided or single), and percentage of o

water surface shaded during the period 0800 to 1600 hours also were noted.

_Within the canyon the stream was narrower than e1seuhere, was . deeper on

" the average and at. a max1mum, and had 1ess surface area and volume per 100- o

-*"~-—"“M-segment;w-Itmtyp1ca11y~f1owed g s1ngle channe1 with & Targe” percentage of.

rapld hab1tat and was heav11y shaded. RooTs were fewer but deeper than

ERrCp—

'“fﬁ_downstream (Tab1ew IV 1) The reach upstream from wOod s Ranch a?so was"t‘“‘“ih

heavily—shaded; but Was— brOad andwsha11ow w1th”awh1ghmpercentage of ura1ueu
channel. This section'of creek f1ows through a re1at1ve1y broad portion of

" the Tower canyon formed by a]]uvium accumuIated below major side canyons and

as a result of deposition above a d1base dike (Fig. IV 1) In the most _

downstream reach the stream passes through a complex zone of alternating
canyons and broader alluviated areas. The ¢hannel Becomes even wider and less
complex, but stream width is scmewhat less as a result of incision 1nto valley

" fi11. Percentage shading was substantially reduced, as was the percentage of

rapid habitat.
B. Recent A]]uvium

Younger alluvium of Aravaipa Creek and its tr1butary channels cons1sts of

unconsolidated, poorly sorted sand “and grave1 p]us far less cobb1e and

boulder than in older deposits of the area. Origin and nature of f1ood flows

have remarkable infTuence on.sediment loads, and therefore have”different

impacts on the channel. Vast amounts of materials are transported to and

through the system when floods originate in the upper Aravaipa Valley.
Surface deposits of that relatively broad plain are fine-grained and readily

carried by sheet flow or other runoff, and such an event often results in




iy

"2;_nart: ef‘?he dra1na“ﬂ_ arry:1ittls nndnd mater1al, and-. ynerefgre ba"ﬂ hiqhm
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massive aggrédation-downstream. Sands and grave1s are temporar11y depos1ted

-in wider reaches and immed{iately upstream from narrow. p]aces where hydraullc

jumps are preceded .by a decrease in competence of water to carry them (Burkham~'

1976a). This: Eubjects the'channel to a11uViatidn._10ca11y'termed "sanding

o wh1ch f111s poo1s and creates. .a. smooth chute— or.. run-11ke pattern of

_Flood waters: through canyon tr1butar1es from h1gher—e1evat1on, bedrock . o

kinetic energy available to: degrade. f1ner sed1ments. Large mater1a1s are,

" however, moved into and through the system, after be1ng gouged from con-
_ glomerate walls of- arroyos. and _canyons., A11uv1a1 fans from 1arger side”

~ canyons may -dam Aravaipa wCréek (Fig. IV-Z).. resu1tingf'in tempbrary' im=.
poundment, . or. if- sufficiently massive and Toﬁg-1asting 'affowing' ﬁpsfréam“"{t_n

-deve]opmént of terraces (Section IV-A). ‘C1ear-water-fToodg.of:hﬁgh vp]umeljf:

. .degrade " the channel, resulting in re-establishment .of pool habitats where

obstructions such as cliffs at bends accentuate scour, and r{ff1e-run-p001

‘conditions prevail.

_Partic]es analyses after low-discharge years ofﬂ1974-751show a general

‘relationship to gradients ﬁn the vafﬁous stream segments (Tab1e IV-I; Fig.
Iv-3). Greatest percéhtage variations were in finer (< 3.2 nm)'ahd coarser
(>.12.2 mm) materials.. Large particles were prevalent in reaches of steeper -

gradient and vice versa. Samples used were from the uppermost 5.0 cm of

substrate in the center of flowing (or previously flowing) chanheTs. Data

represent percentage by weight of various particle sizes after air dfying in

the laboratory for periods of 5 to 18 months. Items larger than 25;4 mm were

arbitrarily exciuded.
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o .‘..,.s.-..‘.:'..iJ'..:.
' Figure 1V-Z. Afluvial tan resulting from frash flooding in Brandénbur‘g Wash
o : impounding lower Aravaipa Creek, pinal County, Arizona, spring
1977. ' _ .
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Figure IV-3. Frequency distribution of bottom particles < 25.4 m diameter at
various points on Aravaipa Creek, Graham and Pinal counties,
Arizona, winter 1976. 5See text for further explenation..
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Qualitative observations indicate similar patterns of sediment distribu-
tion persist in the channel of Aravaipa Creek from year to year. After scour,

finer sed1ments are - obviously depleted with canyon segments, but remain

- prevaient in. Tow-gradient reaches up- and downstream. Per1ods of low dis-

~ charge, or of f1ood1ng from Arava1pa Val1ey, move f1ne sed1ments back 1nto the

canyon, and set the ‘stage for subsequent removal by f]ood1ng From s1de-

'canyons. 1 Immed1ate1y fo]]owing floods, and sometimes for per1ods of weeks:EJLza:_

wf'after _severe "re- -working of . bottom . depos1ts and 1nput of . finer _alluvium, .

.bottoms in much of the channel continue to sh1ft downf]ow._~Th1s resu]ts in

_gsort1ng and compaction of sediments, and. bottomg become armﬁ?é&.by coarser

4

materials. Vertical cores ‘taken along the margins of -swift. currents demon--

" strate. this relationship quite well in the-upper 10 to 15 om, but. the effects

of sorting. is 1less, ev1dent at deeper . leve]s (F1g. IV—Z)" """""" Re1at1ons of
part1c1e sizes at the substrate surface (upper 5 0 cm) to speed of f1ow over

unstabilized and stab1112ed bottoms are quite d1fferent‘(Fig. IV-S), with the

_former demonstrating progressive mass transportfof sand and gravel three days

after a flood (July 1977) and the 1atter depicting conditions after 2.5 months

of ”ever-decreasing volume of discharge in the stream (Jdne 1976)

ReTat10nsh1ps of speed of flow and substrate particle sizes in Arava1pa Creek‘,

are obviously the same as described in other natura].streams (Schm1tz_1961).
C. Discharges and Patterns of Flow

Stream flow 1in . low-desert watercourses of soetheastern Arizona may
realistically be separated into winter and summer periods (Burkham 1970).

Winter flow s a result of precipitation from frontal ‘storms, snowmel t,

groundwater outf1ow; or a combination of the three, in the period November
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Frequency distribution of particles < 25.4 mm diametef in verti-
cal cores adjacent to runs in Aravaipa Creek,. Graham County,
See next for further explanation. ° :

surficial sediments of runs of Aravaipa Creek, Graham County,
Arizona, under contrasting conditions or prior discharge;
numbers near curves are velocity of flow at the surface at the

points of_5amp11ng. See text for further explanation.
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through. April. . Changes .in discharge during this period tend to be gradual,
and relatively high rates may continue for §ever§l days or weeks. Local

tﬁunderstorhs'produce‘summer discharges (May through October, for hydrological

purposes), -resulting in high unit--rates and volumes. of water from small, often-

~ephemeral-watersheds (Burkham 1976b). --Such "f1éEH“?TbBHEWWHEGETEHarp'ffdnt '

--'crests near.the source. of runoeff, but .become' flattened and'rounded'dowhstream

‘i;rybetause»-of“ffegu1atﬁ5n by ever-increasing sizes of dhéhne?#,ﬁ‘depthﬁ‘ bf”‘f"

~Ta1Tuvium,: and OLher factors, ~ RURGTT ~from tHURdEFrstorms ~6ften 18~ completely

absorbed by - interstices 1under1ying alluvium and disappears' as a surface

-

"phénomenon (Burkham 1970). - Summéb:.f1ood‘ flows in perennial streams -are.

typically a. composite of .inputs -from 'Eeveral sdurces, broducing .compléx ‘

hydrographic records. = Specific data for the period 1976-78 are to be given

Tater with reference to biological studies {Sectfon VI), but Qeneral patterns-

are discussed below.

1. Discharge Re]atfqhs

Average‘wintertime'fTOW for 21 complete years of record for:Aravajba-
‘Creek (1920, 1932-42, 1967-75) was 61.3% of its mean total annual discharge,
-or 1,550 hm3. Most outflow of water from the system was cohcentrated in

February and March, reflecting snowmelt from highlands plus rainfall when

above the winter base discharge of 0.31 m3/s: Winter runoff was Highly_‘-

variable, as indicated by Tafge standard errors. of monthly means (F{g, IVLG),'
with'winter minima exéeeding those of summer by a factor of 2 or 3. The low
average and range of discharge during January most likely results from

freezing conditions at higher elevations during that coldest month of the year

'(Green and Sellers 1964).
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' o Summer disch’arges (38. 7%-01"' the total, or-980 hmz), vere Towest on the - ..

basis' of mean monthly data in May and June; and h1ghest in August in the 21

years of records (Fig. 1v-6). October mean ‘and maximum were forced upward by
: heavy precw'ltation ‘and runoff in 1972. If that year is echuded from the
data, mean for the month is 0.6l m3/s (range ca. 0. 22 - 2.26 m3/s) s'I'ight1y

' .1owe-r than September and in lme with the typical autumnal'dechne in dis-~ .
. charge. Far Jlower base flows in _s-umer--.months-must --be atfr*ib-utab]e- in- paﬁt -te-'- =

-4"”*%’--“--*--;-"'--:-'rgre-a-t-er“'-'i'rm' gation—demands-and higher-evapotranspiration—in-the warmer- perwdf’%ffj:;;

Frequency d1str1but1ons of mean daily - d1scharges of Aravaipa Creek

‘*‘“'.':"“““""F‘“""“”""“‘further “démonstrate” differences “{n winter and sﬂmmer “patternsT{Fig. IV=7).
Summer .- d1scharges show 'a strong tendency for b1modahty, w1th a minimum base o -

ﬂow of about 0.14'm /s, and a second mode in the v1c1mty of 0.28 m /s. "The

“first of these represents. outf'!ow of springs. and’ seepage from the aguifer that

'i
i
PR
e '-,-3_;'. :

i

| ma1nta1ns.permanency.of the system, . Tess consumpt1ve uses such as 1rr1gat1on
on the f1oodeain; The higher mode, representing a doubling qf diseharée at
the USGSuGage.neaf the-Tower>ene of the channel;-may reflect periode in whiéh
irrigation is not being 'practiced; oe small, Tlocal 'epates resulting from
thunderSterms on small catchments. The last must certainiy_be theicaselin
years of relatively high dfscherge throughout sumﬁer (such:as 1972-?3;;F19}‘
1V-7), where the bihoda]- pattern persists. Winter discharges tend to be
unimodal and far less variable than those in summer.h S | -:{~ A
Highly permeabTe-subetrates in southwestern'streams-may transport a Iarge. “

percentage of the overall discharge of a s&stem as eub—surface flow. 'Suffacer l.
discharge also may vary up-'to downetream, with reaches of dfy channel a1fef— |

nating with segments of strong epigean flow (Hefnd1 and Mccel1ough 1961). At

. high discharges, alluvium becomes saturated, and variations up- to downstream
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consist of ~progressive increases as .inflow accumulates from Springs and

tributaries.
IV-8a-b, - Data were-collected by. the<Emboqy‘(1927J c;rﬁ—fToat method, and

points represent -an average of three discharge estimates -at each sampling

station. ~Accuracy of this technique depends Targely. upon care taken in the

These phenomena are illustrated for Aravafpa Creek in Figure

-various measurements, .;nd is greater at Tower d1scharges (smal]er channe]

“sizes) than. at higher .volume of fiow._ For example, on 6 July 1977 est1mates__l

“of d1scharge "{nmedTateTy beTow Brandenburg Canyon produced a mean of’ 0“053 +"m““”

O 002 m /s (range 0.053 - 0.057), while the same, procedure on 28 March 1977
‘resulted in-an estimate. of 0.374 + 0. 039 (range 0. 332 - 0’407)

Arava1pa Creek f1ows at . reIatfvely Tow 1evels of dfscharge, less than

0.57 m /s, 90% of the time at the downstream gage {Fig. IV-Q) and such“n_‘ ‘

" volumes - (50,0 and < 0.57 m /s) allow adequate stabf]ity'for deveTopment and
- . maintenance of a diverse biota that is to be discussed later. Destru;tive
f1ooding of more than 2.83 m3/s occurs less than 3.0% of the time.,  Fach of

these Tevels of discharge produce about 40% of the tota] water y1e1d of the

system (Fig. Iv-9).

2. Relations of Precipitation and Discharge

Data for precipitation at Klondyke, Arizona (U.S. Weather Bureau;upub-

Tished periodicalﬁy) were. compared with discharge at the downstream gage on B

Aravaipa Creek in  an. attempt to relate local

| discharge (Figs. IV—lOa-b, IV-11). - In winter 1970-71, a wa-f1ow period,

discharge variations in periods of no recorded rainfall at the K]ondyke

station were almost as great as when precipitation of near 2.0 cm was recorded

in a s1ng]e day (Fig. 1V-10a). By contrast, the hydrograph for a wetter

precipitation and -stréém_ ‘
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respectively, in a and b).
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Relations among rainfall events - and discharges resulting from
those events in Aravaipa Creek, Graham and Pinal counties,
Arizona, water-years 1967 - 1977; compiled from U.S. Geological
Survey and U,S. Weather Bureau records. See text for further
explanation; lines fitted by method of least squares.
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winter (1972!73) demonstrated definite responses of the stream to precipie

tation. . Rainfall of relatively long duration, over two or more consecutive. -

..days ‘on -alternating days within a week or so, generally produced f1ood

conditions (> 2.83 m3[s).-5A similar situation accrued in. summer. in a dry year

o 11975) TﬁdﬁVTdHET“raThé"had‘TTffTémﬁﬁﬁaEf”Oh"deﬁhéFgé;‘bUf”bérdeS of two

or -more. days of precipitation resulted in spates. In summer 1971,_consecut1ve

f]ood1ng occu:red from consecut1ve or a]ternating days of precipitation, with

or two consecut1ve days.

D1scharge for. 12 years . at the downstream gage on Aravaipa Creek 1s

--compaFEd directly in Figure IV-1l with prec1pitation at the Klondyke station.

A ra1nfal1 event was def1ned for purposes of the f1gure as the tota] amount of

prec1p1tation fa111ng on one, or consecutive days, separated from the next
event by at least one day of no recorded. rainfall. Maximum daily discharge on
the 'same day as the rainfall event or. within three days of the end " of

prec1p1tat1on was plotted on the other axis. H1nter rains corre1ated poorly

‘with 1ncreased discharge, while summer data related remarkabTy wel1. This

contrasts with findings of “Burkham (1970), who demonstrated a far higher

‘correlation of winter ra1ns and runoff than was present in summer in the Gila

River, eastern Arizona.

On.an overall basis, average water yield of 1.79 hm/kmzfyear trom‘the :
Arava1pa Creek watershed is remarkably similar to that of the 1arger Gila -
San Francisco rivers basin of eastern Arfizona (1.81 hm/km /year; Minckley
1979b). Assuming an average precipitation of ca. 32 cm/year over the

drainage, the mean'discharge‘of 2,530 hm/year in Aravaipa Creek represents

about 5.5% of the available water falling on the region.
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D. Water Temperatures

Temperatures in streams are subject to substantial changes on an annual

and"'daily basis. - Annual var1at1ons tend to follow those of Tocal, terrestrial

.- c¢limates, while diurnal changes are ' superimposed upon .the broader pattern

through effects of .heating by absorption of solar -energy and- coo]1ng mostly .
hrough evaporation (Hynes 1970) ‘Mixing in turbu]ent chahne1s effects

"”‘essent1a1 homeouherwy in a given reach with stratificationin- deeﬁ, prﬁtected

hvpools (Neel 1951) be1ng an exceptﬂonal,c1rcumstance. Vo]ume of,d1scharge hqs. ' -

a large impact on thermal-conditions in strggggizﬁihce_Targermamounts of water

.-obviousJy require farnmore'energy.fbr heating.or cooling than smalYer .ones.

Other factors influencing rates and magnitudes of change are shading, reiati%e J

volumes of -surface vs. subsurface water, air movement (wind), and retative

humidities (Macan 1958, Kamler 1965).

Annual means for water temperatures .in Aravaipa Creek, computed as the

- average of - .maximum and minimum daily temperature as ‘recommended by . Macan

(1958), tended to be higher than mean air temperature of the region 1nr§u£umn,

- winter, and spring, and Tower than air temperature in summer ‘(compare Fig.

IV-12 with Fig. II-2 and Table II-1). Water in upper. Aravaipa Creek remained
cooler in summer and warmer in other seasons than that in the lower reach,
phesumably because of greater vo]uhes of uhderf]dw hear the headwateré; plus
inflow of.seeps and spr1ngs 1n that area. ' o
.Temperature var1at1ons in the stream were far greater than has been
el sewhere reported (F%gsq IV-12 ~ 1V-13). Hynes (1970) cons1dered diurna1

variation of 6.0° C in summer as near a maximum in small streams, yet Aravaipa

Creek had diurnal variation that averaged more than that value in most

~seasons, and maximum daily variation of 12.5° ¢ in summer and 11.5% C winter
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Figure IV-12.

Ranges and means of water  temperatures in Aravaipa Creek,
Graham (= upper Aravaipa, open circles) and Pinal (= lower
Aravaipa, dots) counties, Arizona, 1976 - 1978; means are of
maximum and minimum daily values, following Macan (1958). See
text for further discussion. :
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variation (upper) and rates of change {Tower) in water tempera-
tures in Aravaipa Creek, Graham and Pinal counties, Arizona.
Dots are mean temperatures or rates of change excluding data
for cloudy days; see text for further explanation.
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(Fig. IV-13).. Lowest daily variation was in autumn, partially as a functiou

of higher discharges from summer rainfall, Tess evaporative coofing as a

result of higher relative humidities, and less heating in daytime with in-

crea51ng angle of incident light. Data for spring (March May) in Figure IV-13

'"are spur1ous “since 3 of 4 dates in that ‘study period ‘had a h1gher percentage
of cloud cover. Variation 1n spr1ng should, however, be 10wer than summer,'

again- because -of --4t--least-a- lower angle of. incident - 119ht., Despite d1ffer- S

“ences 1n “absolute temperatures,‘means of” da11y “downstreat szat1ons (upper R

7.3542. 29 C, range 3,6-12.5 c, “‘7_14 ‘and 1ouer -.7.52:EL£2&NE, range

31115(:n-13) o B
Rates of heating of water in Arava1pa Creek, computed as an average gain

per minute from daybreak to attainment of max3mum daily temperature. were

greatest in summer and autimn (> 2. 0° C x 107 /minute), and 1east in winter

spring (Fig. 1Vv-13).  As noted tefore,. information  for spring is
questionable because of clouds on sampling oates. Overall cooling rate was

hemarkab1y.constant relative to heating, averagfng 41.7% of the last value,

“with a standard error of ‘only’ 3.6% (range 37 to 52).

Daily heat1ng began abruptly as sun11ght impinged upon 'the -water, at

daybreak in open areas or somewhat later when stat1ons ‘were Just downstream

from canyon-shaded sections (see data for 770820 in Fig. IV- 14), or where

r1par1an vegetation shaded the water. Heavily shaded segments of the stream, -

as within Aravaipa Canyon, were significantly cooler at mid-day than other

reaches (Table IV-2).

Maximum temperatures at most points in the creek were attained between
1400 and 1600 hours, then cooling ensued until minima were ach1eved Jjust

before daybreak. Cooling of the stream from its daily maximum to minimum was
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A - - Table IV-2. .. Water temperatures .zbove, within, and below Aravaipa Canyon,
Graham. and Pinal counties, Arizona;. numbers of- samples -followed by ranges in
parentheses. .All .temperatures taken between 1200 and 1500 hours. A

.pate{s) -~ . .. Upstream Within . Downstream

760910 . 26.68+1,33 22.75+1.10 pie
SRR 47 S S - DU WOS— - 3 22.0-2403) o

770606 . . . . 22.88+1.77 . 19.74+1.14 . - . 26.0041.10 .

{8, 20,5-25.5) (3, 20.522.3) et e

770710 [— A R 30.08+0.29 -
| S (4, 29.5-32.0)
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© . initially rapid, ref1eciing low relative humidities -in late afternoon, then

- slowed after darkness, Highest temperatures occurred when relative humidity.

was high and accompanied by intense insolation after summer rains (July-

August: Figs. 1V-13,.1v-14). Cloud cover effectiveTy limited heating in the . -
““etfeam {all- but 770318 in-the- March -May~ period in- Fig. 1¥=14: had extensive or

complete c1oud1ness), producing the least variation recorded on a daily basis.

“Raw data on temperatures of the stream are. reproduced 1ﬁ-AbﬁendTR'Dl(Tab]éS'i eﬁ;]”

E. Turbtdity and Light '

Measurements of turb1dity 1n waters of Arava1pa Creek were less than 1 0

Jackson Turb1d1ty Unit (JTU) when d1scharges were lower than 1 om /second and

had been so for a period of more than 10 days. Flow exceeding 2.83 m /second

invariably carried. Targe amounts of|$uspended matter, but there was'11ttle
relationship between JTU estimates and the actual weights of sedjmente in
samples from f1oods.(F191 Iv-15). Coarse particles sedimented sd‘quickly from
semples that no reliable measurements of JTU was obtatned. 'weights of:ea}tie

culate materials per unit volume. further correlated only genera]ly with

discharge (Fig. IV-16), 1nd1cat1ng as demenstrated by Fisher and Minck1ey'

(1978) that suspended 1oad is highly variable in time and space Vdur1ng

floeding in desert watercourses.

Samples allowed to settle for 3 to 5 days after co]]ectioﬁ‘:eetajned '

turbidity fn the form of semi-colloids and colleids. In 11 samples from

floodwaters in suhmer, JTU readings ranged from 14 to 56, Eight samples from
winter floods all had greater than 100 JTU after 3 to 5 days without agita-

tion. These differences must reflect differing origins of water. As noted in
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Figure IV-16. Relaticnship between discharge and gravimetric measurement of -
: suspended solids, Aravaipa Creek, Arizona. - :
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- Section 1V-B, flooding from general -rainfall in Arava1pa Valley carried 1arger

-amount$ of ftne particles than those from bedrock and conglomerate watersheds

drain1ng d1rect1y “into Arava1pa Gorge. Most spates from summer rains that

entered from side canyons influenced the mainstream only brief1y and Toca11y,' '

but movements “of some trace elements into the system on part1c1es ‘carried by

such m1nor d1scharges were 1nd1cated by some microchem1ca1 ana1yses (to be

reported 1ater' see Sect1on V -A-3- b)

- Therma1 festures of Arava1pa Creek strongTy refiect condftfons Y A T

oom;gg;mljght, and measurements of incident T1ight by Generai‘ Electrch

‘photoceil provided 1ittle additional ‘quantitative data. Instantaneous

messurements - of intensity of §hadfng broduced by ¢liffs and riparian vege- ,:

tat1on were, however, instructive. North-facing ¢liffs completely shaded the

stream, reducing 1ight at the water surfaee“to less than 5.0% of‘thatlpresent

in open areas-at mid-day in summer. In winter, light intensities in such

places were below the Ievel of sensitivity of the available 1nstrument.
Similar reduction of radiation.at a water surface was reported oy Fittkau
1964) in ¢losed-canopy rain forest of the Amazon River 'basin, but on1y dense
sycamore trees along Aravaipa Creek reduced ]ight to less than 20% when fu11y
leafed., Cottonwood and willow riparian zones generally a11owed 30 to 50% of

incident 1ight to pass at mid-day. M1nck1ey (1963) similarly reported about

50% 1ight transmission through mixed mesophytic riparian forests along Doe

Run, Kentucky.

Penetratfon of light to the bottom in Aravaipa Creek was 90% or greater

of incident light at the water surface for all measurements reeorded at mid-

day in summer when the stream was clear. In late evening and early morning,

40 to 60% of incident light reached the substrate. Turbulence (roughening of
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“the water surface).reduces-ref1ection of sunlight at low.angles of incidence
(Dimhirn-1953), thus accounting in part for relatively high levels of pener
tration. ..The high‘percentége of -diffused radiation ‘within confines of the -

© canyon and riparian .gallery forests a1so undoubtedly accounts for - substantial

- penetration of . visible light. N1nter measurements -of subsurTace 1ight at

~ mid- day also resemb]ed those at the surface.__ o

¥, - CHEMICAL ENVIRONMENT OF ARAVAIPA CREEK

L1tt1e has beéen pub11shed on water chem1stny of streams in the Sonoran

Desert, and essent1a11y nothing has appeared that dgals spec1f1ca11y' with .
Aravaipa Creek. An .early report by He1nd1 (1952) included analyses of a
_ single samp1e with specific conductance of 438 umhos/cm (at 25° t), total
) Hd{sso1ved SOlids {TDS) — 787 mg/lw total hardn;;s — 168 mg/l b1carbonate
(HCOB') alkalinity — 253 mg/1, sulfate (SO4 ") — 17 mg/1, chloride (c1”y —
. 8-mg/1, and flouride (F7) — 1.2 mg/l. Minckley (1972} ‘reported on seyeral
macrochemica1-condjtions of the stream, including a range in pH from 7.0 to
‘8.5 dependfng upon site énd'time of day. Dissolved oxygen (D0) and oxygen
saturation a1so varied noticeably w1th time, witn the latter -ranging from 50%
-to 150%. ' (The low vaTue was achieved at n1ght and suggested substantial
resp1rat1on w1th1n the system.) Nutrients, n1trate-n1tnogen (NO -N) and

-phosphate-phosphorus (P04-P) decreased from up- to downstream in the channel.

The former ranged from 0.08 to 0.26 mg/l and the latter from 0.02 to 0.17
mg/l. Sommerfeld (l977)_produced data and reported upon’ microchemical con-

stituents of the stream and some of its tributaries, and his information is

presented as the following section.
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‘A.  Microchemical Studies
" by Milton R. Sommerfeid

1. Introductory Remarks

Most_trace (microchemical) elements are essential to organisms fn minute

qhantities.-_ Few thus far have had no demonstrable bio]ogical functidh.‘ At

eTevated concentrat1ons, however, many are acute1y or chron1ca11y toxic, andm‘_w

in areas such as the Arava1pa Creek watersheds o]d mines and mlne workings ares L

a potential source of substantia] quantities of such materiaTs.

Major d1ff1cu7t1es arwse in assessment of effects of speciffc concentra-
f

tions of an element on a given organ1sm. Most animaTs 1ngest both d1sso1ved o

and suspended materials from surface waters as they drink, Humans tend to

avoid suspended particu]atevmattgrséqd high levels of some dissolved mater-

Aquatic plants, on the cther’hand, absorb conly d%ssolved forms. Different
species, agss, and life-cycle phases may- furtherﬁdre have different tolerances
for various elements. Other comprcat1ng factors are chemica1s such as
ca]ciumr(Ca++) and magnesium (Mg ) ions, organic Toad, ox1dat1on state of the
element questien, and other assoc1ated trace elements, wh1ch may act syner—

g1st1ca11y or antagon1st1ca11y (McKee and wolf 1963),

Aquatic animals fngest both dissofyed and particulate fractions.

In an attempt to deal w1th toxic effects of disselved substance in water, .

state and federal standards have been adopted for municipal and other water

supplies. Standards for other surface waters are not so well deffnéd.' The
Federal Water Pollution Control Administration (USFWPCA 1968) recommended that
standards for certain elements be some fraction of a lethal dose based upon

bicassays using "sensitive" freshwater species. More recently the Environ-

" mental Protection Agency (USEPA 1976) established water gquality criteria
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: that "specify concentrations of constituents that, if not exceeded are.

expected to support an aquat1c ecosystem. su1tab1e for higher uses of water.

2. Methods

'water*“sampﬂe5““for"“mttrothemitaT““anaTy§e§““Were””Eb]TéEtEd".at 'seVeraT

e]evat1ons on- Aravaipa Creek and in-various tributaries (Turkey Creek Bear,

" . Hell's. Han Acre, Hell Ho1e, Paisano, Horse Camp, and Virgus canyons, and an . .

—unnamed--canyonii- Tn51es~v~i- B8 b thr~¥-1) w~oup1ﬁCate '''' sanp?eS“were ob*afred;*“”"

where, surface water was ava11ab1e on the fol1ow1ng dates' 9-11 August, 23 24

B L et “"m-—"-wv . -_,.-,-m-_.me

. October, 19- 21 November 1976; and . 21- 22 Januany 1977. Those for anaIysfs of

»'disso1ved constituents were ftTtered through. acid washed (1. 0% hydroch1or1c

~acid [HC1]) membrane f11ters (0,45-um pore. size) ‘using 50-m1 poTypropy1ene -

-syringes: and. 47- -, p]astic filter holders. Several.hundred m111111ters of
-sample was f1}tered and placed in acid-washed po1ypropyTene'bott1es; FiTtered'
‘samples were acidified in the field with 2.0 m1/1 of ultra-pure U1trex.n1tr1c
acid. The dup11cate sample was not filtered, but was ac1d1f1ed (HCT) as
previously noted for total of ac1d extractable element determinat1ons.—

_ Samp1e preparation for tota1 elements involved further 1aboratory ac1d1-
‘fication with 2.5 m1/100 m] of u1tra-pure, concentrated HCT and heating for 15
minutes. After coo]fng, the sample was filtered as deseribed' above and
brought back to 100-ml volume with de-ionized, glass-distilled water.

A1l containers were washed 3 times in 1.0% HC1 followed by 3:rinses in’
de-ionized, glass-distilled water. ZAnalyses were performéd by atomic absorp-

tion techniques using a Perkin-Elmer Model 403 spectrophotometer. Major -

cations, calcium (Ca++), magnesium (Mg++), sodium (Na+), and potassium (K+),



Table V-1. Sampling sites-on Aravaipa Creek, Arizona (See also Fig. V-1).
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Site Nb% Elevation (m) " Description '
1 1006.18, Beilow Source
2 %83.0 | -1'.5 mi. below source
3 975.4 At Marog.a Canyon - -
ﬁ 960.1 Below Maroga Canyoh
s W8T _Below Turkey Creek
- 6 906.8 .Be—l ow Hell Hole Canyon R
7 872.6 .0.5-mi.:below Booger Canyon
. (Between Horse Camp and Booger)
8 859..5. At Horse .'Camp Canyon
> 9 851.9 , Be]ow¥-vﬂ1‘rgus Canyon
. ' 10 816.9 . At' Hell's Half Acre .(l:anyon :
) 11 792.5. At Wagner Ranch
12 791.0 At Wood's Ranch
13 755.9 At J. White Ranch
14 707.1 Below J. White Ranch.
15 658. 4 At Highway 77




Table V=2, - Sampling sites on
Fig. V-1); samples £0-100 m upstream from mouth unless o
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tributaries of Aravaipa Creek, Arizona (See also

therwise indicated.

Site No.

- Elevation (m)

Description

T1

et

‘T2
T3
T4

P T
Y

T5

B v
T8
19

976,90

961.6
1937.3

899.2

" 883.9

. 868.7
829.1
701.0

Turkey Creek, Midway -
Bear Canyon '
Turkey Creek,(ht moufh)
il dole Cavjon__~

Paisano Canyon (400 m ppstream)

Horse~Camp Canyon™™ "~ - -

Virgus.Canyen . .
Hell's Half Acre Canyon

Unnamed tributary ™
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were anaTyzed by - standard, flame- atomization techniques (Perkin -Elmer 1973)

Minor e1ements, cadmium (Cd*'), chromium (Cr ), copper (Cu ) iron (Fe ),-.

. lead (Pb++), manganese (Mn ), and zinc (Zn ), were determ1ned by f1ame1ess,

aatomic-absorpt1on spectrOphotometry ut111zing .an HGA 2000 Graph1te Furnace.

m'ftempiexe#:mm

._To compensate: for potential background absorption and matrix 1nterferences in

: the furnace; a- deuter1um background corrector and method of add1t1ons were:

DissoIved ‘mercury . Hg ) concentrations “were determined with.a. ..

Co]eman Model MAS-50 Mercury Analyzer System which is based on the Hatch andl

Ott (1968) procedure. ‘ et e 4 it ..,..“mr,,,___”,‘,.,,,:...w,.w,___”."-

Correlat1on ana1yses were performed using Spearman Rank Drde? Correlation

w1th1n SsPSS (Statistical Package for the Social Sciences; Nié et al. 1975).

' S1gn1f1cant correlations were only. those with_first order. partial correlation...

coefficients, significant at the 0.05 probab11ity Tevel (two—ta11ed), when
controlling for any single variable. For example, corre1ation between Na

concentration and elevation. was considered significant because. the partial

correlation coefficient‘for Nat and elevation was significant when holding

each of the other variables constant. .

Interre]ated groups of variables were those wh1ch s1gn1f1cant1y corre-
lated with each other. Additionally, holding variables in the groups constant

- yielded non- significant partial correlations between other variables in the

groups and those outs1de of the groups, while simple correlation coefficients L

between variables were significant. For example, elevation, Na concentra-

++ +4 -
tion, and Mn concentration were snterrelated. When Mn = was held constant,

most of partial corre1at1ons between elevation (or Na ) and other var1ab1es

were non-significant, whereas s1mp1e correlations were significant,
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3. Results

. a. Major Cations - Ca++'end Mg** are the cationic components of water -

. herdness' that are derived ‘from limestones, 'doldmites, and Qypsum deposits.,

1963) but those of Arava1pa Creek and 1ts tributaries (Tables V-3 - V-9) were'

| f not except1ona11y 50, and were far. 1ess concentrated for all major cationeﬁ' -

: {these,__plusﬂﬂﬂaw"mand_mx_)_ than._ere wa;ezs 1eeeed_,e= .bel;&L_ge!eremeetﬂ

standard of quaTlty (Table Vv-10).

‘During -periods of generally low discharge, when water was clear (all but

- June - August'1976 and -January 1977 with reference ;o the present data; eee'
" Section IV for details), dissolved Caff in the mainstream resembled values for

- total Ca++ (compere-Figs, V-2 - V-3). In periods of'higher‘discharge.and

turbidity, total Ca++ significantly exceeded the dissolved fraction {Tables

V—3_ - V-4).

- A tendency for ca*™ to ‘decline s1ightly from up- to downstream in

: Aravaipa Creek (Fig. V-3)é.a1though not statistically significant within the‘

present data, was likely due to precipitation of calcium carbonate'(CaCOS) at

high bH produced in part through photosynthetic strippiﬁg of hafffeound

carbon-dioxide (as HC03') from the system (see Cole and Batchelder 1969).
_Tributaries tended to be Tower in dissolved Ca*t than the mainstream, but
were variable stream to- stream (Table V-9). One majer exception wes_Turkey

Creek (Table V-5), which averaged almost 60 mg/] dissolved Ca' .

Values of dissolved and total Ce++ for tributaries were even more similar

than those in the mainstream (Tables V-5 - V-B), except forrHe1l Hole Canyon

. (Table V-9), which was sampled during flood, In the last instance total catt

”‘terswef the American- °euthwesewere general}y~h}ghw4n«¢hese e]ements {Golemwwwam
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‘Table V-3. Dissolved chemical characteristics of Aravaipa Creek, Arizona.

Element

X

. SE

MIN MAX

ca™™ mg/1

ﬁaH“.u,_aé_?.:l._w arem

‘Nt - mg/1

+

:

K leI.

. 45,038

gageT

25.432°

R T

Cd ug/l

Cu

I

Mn ug/1

Pb po/1

~In yg/l

hg' wg/1

g/l
pg/1

. .3.248 -
= T R T

0.0944
' 3.800
10.218

7.418

5.335

1.371
24.721

1.586

0.7516
0.1809
....... ,u.ﬁ ;1_68_3_ R

1
n.a.

U :;i-gg_i....‘ o : u.:.‘....‘ _7_;3‘., _— '

17.0 . . 57.4
32,2

' 16.0

,1—— oLl 5,7__

P

0. - 0.4

Sudrm e e e

0.3637
~ 7.5122

5.1325

1.3 -+ 12.5
1.5  195.0 .
1.1 18.6

o 75.0

1.4 '.' , 5,8.“..L¢;ML .
: 534;;;;Lm“;_i;;;j;;\
- 34

34
34

T

34

34
34
17
34

1.3 134.0

34

applic

able because undetected‘quahtities in some samp1es,'
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. Table V-4. .Total. chemical characteristics of Aravaipa Creek, Arizona.

1075

‘VETement_'

X

SE MIN

MAX

Ca++. mg/1

Nat  mg/1
-

M g++--_iﬁé7.1 [T

K men

- 46,503
S.—

30,444
3.826

1.548 . 27.2

R

0.4822
© 16,0

4,316

a0l 1

65.0
g .t.‘..‘. [r— 2...5m.‘0 .

.o 170.0' ] |
15.0-

34_: o

Ty o

(="

i

B

P o 5. -
LT AR 1 S

-TIARTY

cd™t g/

TR et

" g

++

Po" ug/l1

Z_n++ pg/l

9.874 .

1.084
2,146.1
150,65

11,703

124,909

832.6
L A.381 0 1,30

68.768 6.6

ERNTREIN W il X Tt EEE

0.2217 -
o0

21 N
0.05 -

............. 3#

58,0

423

27,900.0

£ 2,380,0.

5.9

2,392.0 .
14650 .

34

34
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‘Table V-5. Chemistry of Turkey Creek (T3, elevation 937.3); A;iiona.'
Element . X SE. - MIN MAX N
..__..,_._W_L...D:i_.s,slgj..v_e_d_,.c.oml;e.n.'tr.at:ions._ e e T
ca™ mg/1- 69,475 6,033~ 42.0 68.0 4
Mgt mg/1t 15,525 0,366 14,5 16,1 ¢ 4
- Netoomg/t 30.65 . 0.85  20.0  33.0. .4
K __ma/1 2,75 . 0,595 . 1.4 . _ 3.8 ... 4.
o g 2,775 . 0.69 1.8 4.8 4
ot welle, 2,95 0ATL .. 2.5 3.3 s
o ocd” pg/ 0.0375 . n.a. 0 0.1 . 4
Cpett pgnn - — 3435 3.767 26.0 4.0 4
un*t pe/1 191.85 173,78 31.4 389.0 4
_ong™ wenn. . 0.88 0.75 0:1 . 1.6 2
ot ug/1. 0.825 0.225 0.3 1.4 4
2" pen " 20,55 5.5 7.3 33,8 4
Total Concentrations 3
ca™ mg/1 59,875 5,64 44,0 70.0 4
Ma'" mg/1 15.45 0.585 14.0 16.8 4
Nat  mg/1 31.05 1.225 28.0 4.0 4
K" mg/1 2,725 0.439 1.8 3.7. - 4
et pgn 7.35 3,559 1.5 17.0 3
cu™ g/ 5.075 1,23 1.7 7.2 4
ed™ pgn 0.62 n.a. > 0 2.1 4.
Fe™ wg/1 157.5 37.94 100.0 260.0 8
un*t pg/ 379.75 93.8 190.0 630.0 4
o™t ougn 6.475 2.19 1.7 10.9 4
't pen 67.0 37.18 19.0 176.0 4

Lh.a. = not applicable because

of undetected quantities in 'some samples.
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.'J
. R
L

Chemistry-of Horse Camp.Canyon (76, elevation 883.9 m), Arizona. -~

Table V-6.
Element -~ ° X . . SE MIN._.  MAX N
DissoTved concentrations T - | s
Ccatt mg/1 22,0 2,646 18.0 27.0 3
,Mg*"",d mg/'l e A 067 - - 0,348 - - 3.8 - - 47 3
Na+-. mg/1 . 33,73 6.293 - 21,2 41.0 3
K g e R O 6B A P 3
crttt posi 2,067 0.393 1.3 2,6 =~ 3
T L e T e
L ed™ wen 012 nalt 0 0.3 3
™ uen 177.0 95.8 32,0, . 358.0 3
. Mt pg/l 16.33 14.33 1.5 45,0 3
- Hg'H' pg/] o 0,46 - - = s s 1 -
.' ottt owgn 0.93 - - 0.219 . 0.5 .- 1.2 3
a ™ pen . 51.5 - 29,22 7.9 107.0 3
Total concentration : ) .
ca’t mg/1 ' 22,53 - 2.272, 19.0 28.0 3
Mgt mg/1 4,33 0.203 4.0 ~— A7 3
Na*  mg/1 90,2 61.11 20,9 212.0 3
k' mg/1 3.83 0.467 2.9 4.3 3
crttt ugn 5.13 0.780 3.8 6.5 3
cu™  pg/ 9.8 2.403 5.0 12.4 3
cd*™ wg/1 . 0.393 0.0636 0,28 0.5 3
Fe™t ug/1 760.0 595.8 110.0  1,950.0 3
m*t open 126.7 62.83 23.0 240.0 3
b’ pgnt 7.73 4.604 2,4.  16.9 3
't ug/ 35.6 11,286 12.0 48,0 3
1n.a. = not applicable because of undetected quantities inm some samples.
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Chemistry of Virgus Canyon'(T7, elevation 883.9m), Arizona.

Element X TsE MIN ‘MAX N
catt mg1 | 26.0 - 25.0 27.0 2
Mg't mg/ 9.55 - 8.6 10,5 2
vt mgn 120457 - g0 - 160 .2
S T 7 4 B T R = 359 3.4 2
ettt ugn 4.95 - 3.0 6.9 2
ot w0 2.8 i 2. - P
cd ug/ 0.325 - 0.05 0.6 2
Fe't ug/l 32.5 - 32.0 33,0 2
M ue/1 18.0 - 15.6 20.4 2
Hg' pa/ 2.7 - - - 1
ot pg/1 1.55 - 1.4 1.7 2
In" po/l 64.1 - 4.2 124.0 2
Total concentrations | .
ca™ mg/1 32.3 - . 7,006 28.0 46.0 3
mgtt mg/1 11.17 1,705 8.3 14.2 3
Na©  mg/1 14,33 2,603 10.0 19.0 3
k¥ mgn 4,67 1.172 3.3 7.0 3
crt pon 3.25 0.1893 2.95 3.6 3
e’ g 5.77 1,774 2.5 8.6 3
cd” pan 0.707 .  0.4539 0,12 1.6 3
Fe'" pg/l 303.0 205.9 10.0 700.0 3
™t e/ 174.4 "157.8 16.2 490.0 3
™ pg/ 3.27 '0.6960 2.0 4.4 3
" pa/ 90.5 75.21 1.5 240,0 3
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Chemistry of unnamed tributary (T9, 701.6 m) <of Aravaipa.Creek,
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Element -

X HIN

MAX ' N

Dissolved concentrations

ca®™  mg/1 -

-4+
Mg+

- mg/1
WA gl

50,0 - 50,0
- 10005 . 9.9

28,8 " . 24,0

50,0
10.2- . -
38,0

‘o
-3

' Cu

" Mn

Kt

1

IR

- o
-]

5 3
i &

Total concentrations

Ca++
Mg++:
Na®

K-i-

R

++

catt
++

Fe

++

Pb++

+
n +

mg/l

5.2 L Bl

pa/l

RIJAR

pg/1

g/l
“pa/i -

ug/1
ug/1

mg/1
mg/1
mg/1
mg/I
pg/1

pa/l

. ug/1

g/l
ug/1

pa/1

o/l

N1 .

2.15 1.2

09235 " o [P

31.26 - 12.§
3,328 ..3.25

'5.'9 * 509 T

. 0.35 . 0.3
15,9 15.0

49.5 " 49,0
10,25 - 10.2
28.0 28,0
5.7 4.3
4.0 3.5
10,5 9.2
0.025 0
1,440.0 1,050.0
51.0 . 51,0
5,5 . 4,7
51.1 12.2

BB

rj...'s;é-

5.3
WS4

3.1
0,47
50.0

3.4

0.4
16.8

PN R NN NN RN

50.0
10,3
28.0 .
5.1
4.5
11.8
70,05
1,750.0
51,0
6.3
90.0

O O O N O L LSS
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- - Tible V-9. Chemistry of several tributaries of Aravaipa Creek, Arizona, based
on single samples. . ‘ ‘ o 1

T4 5 . T8 .

SITEL ‘ 4 T2 | .
ELEV. - 976.9m . 961.6m  914.4 899.2'm  82%.1m
MONTH Jan - Oct - Aug Jan Jan
Dissolved concentrations o - | 3 .
T e g egig - 46D 29.00 . 380 190 T 5
Mgﬂ - mé al R € Ty e 8;7 - e & Yy 3:9___,:_
Nat mg/1 - 30.6 19.0 9.0  28.8. 9.8 L
gt mgl -1;4””MJ.;T.a;Uuwgymmbkéfﬁﬁﬁamﬁwywzgg...'.ur 2.8 -
a8 - Az l.oaz 87 26
o' owgn 2.5 - -4.5 . 104 3.4 . 5.0
cdtt wg/1t - 0,08 . 0.18 0.3 0.16 0.2
' et pg/1 | 36.0 . 1,390.0 . 5650 " 18,0 31.0
.' wtt pgs1 T 192.0 N RO X 2 2.2 - 2,0
Hgtt g/l 0.1 LT - 1.58 0.7
ppt*  wa/1 0.8 0.2 1.7 0.7 1.1
Y X R VN 2.8
Total concentration : - .
catt mgN 60.56 . 49.0 108.0 4.6 . 205
Mgt mg/1  16.8 9.6 38.5 1.2 4.0
" Nat mg/l 31,2 15.0 12.0 28.9 8.6
Kt me/ 1.8 . 4,0 10,2 - 3.6 © 3.1
crttt uon 17.0 6.9 . 20.0 3.9 2.4
et wgN 6.5 5.5  1,810.0 3.0 8.0
cd™ ugn 2.1 01 627 1.1 0.25
re’’ g/l 170.0  5,050.0  54,000.0 130.0 100,0 -
mt ugn 190.0 92.0  21,600.0 9.8 5.8
PO pg/l 9.4 5.4  5,500.0 1.5 2.0
't pen 20.0 37.7 8,670.0 19.0 22,0

1 72.Mid Turkey Creek; T2-mouth of Bear Canyon; T4-Hell Hoie Canyon;
T5-Paisano Canyon, 1/4 mi above mouth; T8-Hell's Half Acre.
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Figure V-3, Total Ca concentrations in Aravaipa Crgek, Arizona.




SRP11083
72

. exceeded the -dissolved fraction by more than. four times-(29 ys. 108 mg/T.

'.respectiveiy), ref1ect1ng Targe amounts carried as part of .the sediment load.

.. .Concentrations of Mg'* in Aravaipa Creek were- -lower and far iess infiuenced by

elevation and discharge than those of ca*t (Figs, V-4 - V-5; Table V-3 - V-4).

. -----Di--s-so-iv'edwconc--ent-rat—-i--o-ns—-:—--;-we-ne-——=-betnween~_~~7~a~-3~—~and---—~1-—Zl-w%—---wmg'ﬂé—--;(-lneaﬁ--mg- 3}, -with-.
‘totais onTy s]ightiy higher (8-25-mg/1, mean 10.4 mg/1).. . Tributany waters

were again more variabTe than the nwinstream, ranging from 3.5 to 16 1 mg/I

— i~
S Y tu; d.s 1ve  fraction.. Dissolved. and tatal_,enmmhereﬁgenerajlg aimiiag

in tributaries, except in He]l Ho1e Canyon where they were 3. 5 and 38 5 mg/l,

| .respectiveiy.,”Aithough Ca and Mg .were . positive1y correiaued the Iatter

U‘showed'no obvious -decline up--tO'downstream (Figs. V-4 .- V-5) ' .

N is a far more so]ubie ion than the two just discussed, and dissoived

<and total concentrations ‘were Similar in aTmost all -samples (Figs.-v 6 - V-7,

Tables V-3 --V-4), Both sets of data: showed a significant, progressive; up-

to downstream increase in the channei of Aravaipa Creek indicating dissoiution

and erosfon of Na* saTts into the system or more iike?y contributions from

saiine springs. along its course. One such spring was 1ocatedmon the north

c1iff face a few tens of meters above the inflow of Turkey Creek but was not

" specifically analyzed. High TDS was indicated by conductance measurements and

the over-loaded behavior of electrofishing equipment in the outhow area, and

high Na' content was- confirmed by taste of salt encrustations and seeping

water. Evapotranspiration as a concentrating .factor was genera11y:ru1ed'out-

since other major cations showed no such pattern.
A "spike" in concentration of total Na- 1n the mainstream in October

(Fig. V-7) was unusual. Similarly high concentrations of other elements

(Mg*t, re'*, mn™t, and zn'7) tended to negate possibilities for sample

........
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Figure V-5, Total Hg++'concentratibns in Aravaipa Creek, Arizona.
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Dissolved Nat concentrations n Aravatpa Creek, Arizona. -
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Figure V-7. Total N=+ concentrations in Aravaipa Creek, Arizona,
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contamination;~and.indicate an unexpected source of input to the system (see,' ,

later). - o .. . ' o,
Dissoived Na+ in tributaries ranged above and below that in Aravaipa

Creek (Tables V-5-- V-9), but total Na* typicaily was more similar to that in

T the mainstream,'even “HelT Hoie Canyon during fiood.' Horse Camp Canyon, how-

ever, - carried large amounts of total Nat during August runoff (Tabie V- 6)

The;disparitg;tetweenfdissolved and total Na on that date (41 vs. 212 mg/l)”"‘

us.:m@f---‘-----w.;‘s-_.-_-:.:--d-;-ff-;--wqt,——to o n“y‘p’[ i, TESpEr 1a‘j1‘3‘:‘"‘“”{";‘1_"1‘-i“d]i}:"‘"“ﬁf""the great and se1 ec‘t’Tve ____

solubility of the ion in water with. respect to other fons (Mii]ott 1970), and

may reflect sampie contamination. . ¥ r

Dissolved and total K vere. simiiar in. range in the 'mainstream and

.tributarieS'of the "Aravaipa Creek system (Figs. V-8, V- 9, Tab1es V-3 - V-9),

.- and Tittle difference was apparent between the two measurements.. Dissolved x*
behaved the same as Na lin the channe1 . increasing significantly downfiow

. (Fig.. v-8), and was substantially lower in Aravaipa Creek in periods of higher
discharge (January and August) than - at iower water. Total K* also increased

- downstream, but showed no relationships to volume-of discharge (Fig. V-9) '

unusuaiiy high level of tota] K in October occurred at the site be]ow Maroga‘

Canyon in the mainstream.
 b. Trace Elements (Heavy Metais). - Trace.elements, aithough dis-

tributed in a wide variety of deposits, are cbviously concentrated in ore . ..

"bodies. Numerous mineral deposits in the Aravaipa Creek watershed consist of

veins, replacements, and brecc1a -pipe formations (Simons 1964). 'Primary"

metals of the first two types of ores are Cu +, Pb++, and Zn +. Breccia»pipes

are mostly Cu and mo]ybdenum; Deposits are quartz- suifide bodies along

_faults in volcanic strata (Simons 1964). The common sulfide minerals are



SRP11087




SRP11088 -

76

- Figu

o|ARAYINPA CREEK : © xnuo i
oo 1
N R .
g \\ 1
E ‘ bw:g,d___/ L/ \ L
=%, : —~ \t}=
w N : ~ 3&(’
o o8 R -
~g?f —————— o
E M
-....,,j et .4 f,_
. RV
_“2b0.00  220.00 240,00 - 760 " 300.00 .3§o.lnn‘- 340.08

.00 280,00 30
.ELEVATIBN (FT) =10

re ¥-8. Dissolved K+’concentrations in Aravaipa Creek,fAhizona. ;

4.00

ARAVAIPR CREEK | i 1eve
® 8CT 1918

o NOY 1978
o JAN 19717

J.-00

00.00

270,00  24D.00  ZB0.00  2b0.00  300.00  320.00 . 340.00
: ELEVATIEN (FT)} =10° '

Figure V-9, - Total k¥ concentrations in Aravaipa Creek, Arizona.
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galena (PbS), CaIcopyrite (CuFeSz'), pyrite (Fesz), and sphalerite »(Zns),_'__,"..:".

‘Gaunge minerals .are quarts '(_Sioz‘or" amethyst, specularite (Fnzoa),‘ and
flourite (CaF,). 'Natural exposures of such minerals may weather into surface

waters, but 'concgntrations‘t.hat are deemed detrimental {Table V-10) most often

‘come from mine seepage, tailings, or other man-created sources (see Appendix

c).

' bihty characterist'ics great‘ly mf’luénced ‘Dy PH™ and d'isso’lved oxygen con=
centrations. Dissolved Fe_' 'In the mainstream ranged from 1 5 to 195 ug/1

(Fig. v-10, Table V-3) while mntt rare'l,y exceedéd 20 pg (F'ig. v-1z Table

V-3). Tributary streams generally had s1milar amounts of dissolved Fett _ s 

the mainstream (TabTes V-5 - V-9), with Horse Camp Canyon (Table V-6) ranging
to 358 ug/1 in ‘August in association with- high runoff from its ﬁa’tershed. and
a single sample from Bear Canyon in chobér containing 1,390 ug/1 (Table V-9),
under low flow condftions. Dissolved Mntt in tributaries varied widely among

different streams and SampHng dates. Turkey Creek consistently had high Mn

values (range 31.4 to 389 ug/1, mean 191.8; Table:V-5). Concentrations were

greatest in August and January, coincident. ‘with higher d1scharges. Ot_:herr

tr1butar1es had re]atwe]y Tow dissolved Ma** (Tables V-6 - V-9).

Total amounts of Fe't and Mn* in waters of the Aravaipa'systeﬁl- were
notably higher than dissolved values (Figs, V-11, V-13; Tables V-3 - v-9}.
Lowest analyses for both eTements occurred in periods of minimal d'ischarges
and associated Tow turb1d1t1es. Maxima in the mainstream, 27,900 pg/1 for
Fet* and 2,392 pg/T for Mn++, was recorded in October. The reiatively high
means for each element fin Aravéipa Creek (Table V-4) reflect high concen-

frations in August f1obds, and in October under low flow conditions (Figs.

F"'+ and’ Mn ‘behave’ simi'lar'!y in surface waters since ‘both have so'lu-_‘



SRP11091




.. Figure v-10.

' uisseLven| 31 -
100" 35053501 15, S0 P8

¥

[ -]
l'l .
. %%00.00 220.00 - 3I40.00 760

2 AVAIPA CREEK : T om0 19N
| gt
& B : . e o 1em

50,00 J00-08  3Z0.00  340.0
ELEVATIEN (FT} wm1@' .

RRAVAIPA CREEK . S e T =oeue 199
PR ' ) - . ® 8tY 1478

’ : * NBY 190

& JAN 19T

490 .1!0

ulQ®
320.00

E (PPBI

TOTAL F
180.b0
\
—

e o
00.00 220.00

240,

D00

00 _ 260.00  200.00  300.00
ELEVATION (FT) =)0

bl

Figure ¥-11, Total Fett concentrations in Aravaipa Creek, 'Arizona.

SRP11092
78 .

Dissolved Fe'concentrations in. Aravaipa Creek,-Arizona.
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v-;1,_v-13). - Total Fef+rjn AraVaipa treek also was. combined into tﬁo groups

of positively interrelated elenents:- 1) tota1?Fe++, K+, Ca++, and Mg++; and

2) total Fe++, Cu++, Mn+f,_and'Pb?+; Total Mot in the mainstream was posi-

tjvely correlated with Fe++, Cu++; and Pb++, individually as well as when

-Qrouped.

3 Totals for these two e?ements'{n-tributaries also nere highly. variable, .

Tow during Tow discharggs“and haghwguring_spates.m.Max1ma for Fese yprg more;;,;qﬂﬁ

i e e i e

o
.‘Lﬂ.‘

- 54,000 pg/] in He]] HoTe Canyon in. August (Table V-6 - V-9) The 1ast value
-.was accompanied hy 21 600 pg/T mntt s the highest recurded in the study (Tab1e:
~V~9). Total Mn“ in tributaries otherwise did not exceed 630 ug/l.

Distribution of concentrations of disso1ved Cu- in the mainstream of
Aravaipa Creek showed little or no relationships to elevation or discharge.
Disso]ved'Cu ranged between 1.3 and .12.5 ug/1 (Table V-3, Fig. V- 14), and

was not statist1ca11y correlated with any other element analyzed. .

Dissolved Zn't (Fig. V-16) was highly variable, ranging from 1.3 to 134;

ug/1. This is typical because of a high potentia1 for ™ aontamanatfdh of

samp1es, its difficulty to be quantified at ugfl levels, as well as 1ts wide!;

.._“

natural availability. '
 There was little variability in analyses for Pb++,, with a range of

undetected to only 6.5 ug/1 (Table V-3, Fig. V-18).  Dissolved Pb . was,

however, usually highest immediately downstream from Hell Hole Canyon.

Total concentratiens of all three of these metals 1n1Araraipa Creek was

far higher than the dissolved fractions (Tables V-4, Figs. V-15, V-17 and

4+

v-19). Correlations for total Cu++ were positive with total Mn ', and in a

Qroup with Fe++, Mn++, and Pb++. Total Zn++'did not correlate with any other.
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S1gn1f1cant correlations of total Pb** ‘were negative with
discharge, positive with mn** , and positive and_interre]ationships with cu** ’

Fe™, and Mn**. Total Cu®™ 1ir ‘Aravaipa Creek ranged from 2.9 to 42.3 ug/l

" mouth of Maroga Canyon.

- was 146 pg/]. o ‘ - -lJT' St ' | il -

The pattern of total Pb’'' concentrations (F1g. V-19)

were;sim11ar;to those pf“Zh , and the maximum in October (and-for‘the study)'

IR botn d1ssoiveu “and totai concentratiaﬁs of Cu iﬁ tribuiary s;reamﬁ

nt

. followed a pattern identical to that of total Zn

tended to be s1m11ar to those 1n “the mainstream (Tables V- 5, V-9), with the

"exception -of Hell Hole Canyon.' That stream carried 10.4 ug/l dissolved and

gﬁlﬂ ug/1 total cu™ 4n. August (Table V-9), indicating a large quantity of

-Cu++ bound on part1c1es carried from that watershed during surface runoff.

- Total ”an+ ~concentrations -insvtribntaries were far 'more variable -than

dissolved vaiues (Tab1es V-5 - V-9). Minima and values for single samples at

four sites exc1ud1ng Hell Hole Canyon were generally 1ess than 15 ug/l, and

maxima were 16.8 to 124;pg/1.- -Data for Horse Camp and Bear canyons are

excluded -because' dissolved fractions -analytically exceeded totals, signifyfng

contamination of samples or some other analytic prob]em. Minima?for totalg

+ ranged from 1.5 to 19 ug/1, and maxima 48 to 240 ug/] in Turkey Creek

Horse Camp, and Virgus canyons, and the unnamed canyon (Table V-5 - V-8), and

from 20 to 8,670 ug/1 in those canyons or sites sampled only once (Tab1e,V-9)._--~

_The highest value was again in Hell Hole Canyon in August.

in tributaries indicated means of less

Most analyses for disso1ved Pb
Total Pb'*

than 1.0 ug/1, with exceptions of V1rgus and He]] Hole canyons.
s averag1ng less than 10
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sg/1 in.all but Hell Hole Canyon, where 5,500 ug/1 was recorded (Tables V-5 -

v-9). ‘ ,
Values for dissolved Cr'H"" ranged from 1.3 to 5.8 pg/1 in Aravaipa Creek

(mean 2.9 ug/l ; Table V=3), and from 1.2 to.6.9 fn tributaries (Tables V-5 -

~Tyzg); Tn the: mainstream it correlated positively with elevation-and- discharge

(Fig. V-20}, and -also with Mg“-- and ¢d**, - Total AT Aravafpa'Creek was
from 1. 0 to 58 ug/1 (average 8. 8), with highest concentrat1ons in the upper

reacr-es {Figs -—v-eiy%. —-corresponding—with—high-values- 4nmrerrey~~cﬂeew(7aeqe
" v-5) Total Cr in Hell Ho1e Canyen during fTood (20 }ng'l) scarce1_y

PRl A Y — i

exceeded max'ima va'lues of 17 pg/l for Turkey Creek dur'ing norma'l and , 'Iow

d_ischarg.es (Tab'les v-5, v-9),

' .Cd+-+ concentrat1ons ranged from undetected to 0.4 pg/'l in the d'isso1ved.

| state 'in Aravafpa Creek (Tab]e V-3 F1g. V 22) and did not exceed 1 0 pg/'l 1n
tributaries {(Tables V-5 - V-9). Total cd** averaged 1.1 g/l in ,the_ main- -
stream (Table V-4, Fig. V-23) and ranged to-only 62.7 ug/1 in Hell que:Ca.nyon L

during flood; most total ‘values in tributaries were far less than _1.0"ug/'|.
.Llevels of dissolved Hg"'-+ were similarly Tow in. the main'strearrr of "A.rava"i"pa
Creek 'typicaﬂy (< 0.4 ug_/l y Fige V'_24)" with the exceptibnﬁ -'ofl__‘a' November
'sempTe of the mouth of Ma-roga Canyoe that conta‘iﬁed 75 ;ug/'l"'(.Tab'ie v-3).
However, some samp]es from Turkey Creek and \hr‘gus, unnarned, 'end ‘_Parsons

canyons contamed more than 1.0 pg/1 (Tables V-5 - V-9) No determinations

were made for total Hg™t concentrations, and too few samples of dissolved Hg++

were run Tor statistical treatment.
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4, Summary and Discussion

-Desert streams,-with highly variab]e conditionS'of flow, pose significant
prob1ems in obta1ning adequate samples over short periods of time.. Sampling

on.Aravaipa. Creek was sufficient for. genera] .assessment. of the. eTements mnni- :

~ tored, - except for Hg ‘Because of observed variability and fewer ana1yses'

.performed -(due to- 1nstrument problems and the fact that samples for Hg

determinations cannot be’ stored for Tong) addit1ona1 data N Athat relementtpgﬁu;m%;

would be- desirabTe.-. Sampling of most tributaries* was not_ adequate . for

—~speei 1€ chemical assessment “Targely .due. to their aphemara1 nature. Their
F

-impact’ on Aravaipa Creek wasr«however, apparent from more detailed data- on

that stream.

D1ssolv d- oncentrations of maJor cations" and order of their ‘abundance 1n
Aravaipa Creek were rather typical of Sonoran Desert streams. 'Caf+ was the

most “abundant cation, followed in order of decreasing values by Na*, Mg++, and

.k¥.. ' Additional analyses provided by 6. A. Cole, Arizona State University,

. indicate major an1ons to be ranked as follows (mixed samples from mainstream

stations, autumn 1976): HCO "—~229.2 mg/1, CO3 “—112.8, S -"-—27 6, and

,CI'-—7.5 mg/1. Water of- the. stream may therefore be cTassified as 2 dilute

Ca (HC03)2 water, with relatively great amounts of.Na .

Total cation concentrations in Aravaipa Creek were slightly h1gher than -
d1ssoTved Tevels (usua]Ty less than 10%) during per1ods of low discharge, but
showed far greater maximum concentrations when elevated by ions associated

with suspended sediments during spates.

On the basis of milliequivalent values of the three dominant cations,

water of Aravaipa Creek and all tributaries studied excepting Horse Camp

Canyon, grouped generally together. For these eight streams, Ca*+ averaged
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NA‘* - - - . CA44

‘Figure V=25, Percentage distribution of major cations 1in waters of Aravaipa
' : Creek and its tributaries, Arizona, based upon.milliequivalents.
Abbreviations:  AC = Aravaipa Creek, HCC = Horse Camp Canyon,

HHC = Hell Hole Canyon, BC = Booger Canyon, PC = Paisano Canyon,

TC = Turkey Creek, UC = unnamed canyon, and VC = Virgus Canyon.
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©53% (44 to 61%), Na® 27% (21 to 36%),.and Mgt 20% (14 to 30%). Horse Camp.

Canyon had water that averaged -about.51% Ca+*,'37% Mg*+, ‘and only-lZ%.Na+

(Fig. - V-25). - Significant differences among - ‘tributaries were, However,

..apparent -in their everalT-deso1ved major cations,"whieh'ranged frem-35 5 mg/1.

' “Total concentrations of major‘cations were generally'only-siight1y higher than-

in Hel] s “Hal¥~ Acre Canyon to an average “of. 108,5. mg/1 in Turkey Creek.

. Ca” /Mg. and'“Na /K ratios. also po1nted out this d1versity (computed from

m1111equ1va7ents) The fermer ranged from-117- in Virgus Canyer to 5 0 1n HellmimLﬁ.n-;

.Canyon. The.average ratios in Aravaipa Creek were 2.9 and 12.8, respectively.

".'dissolved values in-all but Hell Hole Canyeh‘where"total values of Ca'' and K

. were ca. 10 times higher than disso1ved 1evels during fTood.

Microchemical stud1es -of heavy metals were performed to.evaluate poten-

©- tial .inputs. of unacceptabIe amounts of those materials from former mine works

(Appendix €).-and to provide.a- baseline for future 'monitor1ng. - With the

- exception of -Hg++,‘ no element studied 'in the mainstream of Aravaipa Creek

. exceeded national or- international water standards (Table v-10). - edt?t

approached the maximum recommended concentrations for."sehsitﬁve" species of

freshwater organisms.

Dissolved metals in tributaries for the most part also met recommended
++ +4

water standards; crt , Cu ', Cd++, and Pb™" were generally low and relatively

stable in space and time. Mn++, Fe++, and Zn++, however, were highly vari-

able. Turkey Creek had mn* that reqularly exceeded standards for domestic

water supplies. The single sample from Bear Canyon had Fe++ that exceeded
criteria both for aquatfc life and domestic supplies, and water in Horse Camp

Canyon exceeded the former standard in August. The unnamed tributary exceeded

EENENNNNNSNN__

" Hole Lanyon, grid the Tatter from 6.077n HeTT"s WaTf Aere o 10 1 in Horse Camp”mw""“"
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' _recommended . standards for -Hg.+_+_ in domestic water supplies, and all 'tribota.ri;e’s-

-+ sampled -had ‘more: Hg++ than 4s recommended for aquat;ic- organisms and for wild- - .

[

1ife use. N
Surface waters from '}tri-butary..streams ‘rarely had discernible effects on’

discharge of the mainstream of Aravaipa Creek. Most discharge of smaller
-canyons - inte- Aravaipa Creek; except-during f'lood, was subterranean through.

B — ‘*“coarse sandfgraveI7bou]der“"subﬂstrates*of th"E'rr “f"l ooos“(Tee Sectfo | ‘IVT “““Eveﬁ“"f"““'f:‘

smaller- flash ﬂoods often infiltrated porous beds of washes. a.nd' canyons

before reach'ing channeTs of . perennial streams (Cooperricjer -'and Syk.es 1938.

el .._._,r e

Bruns and Minckley 1980) .. Substantial inputs of materials, usually finefyé
".- divided particulates and dissolhved' ocnes, may '~th.erefore happen without 'much o
surf1c1a'l ev1dence, and must have occurred through Maroga Canyon 1nto Aravaipa '.
' F_Ereek in- October 1976.° A major convective storm was above the upper: part of -
that.-canyon in mid;-afternoon on the sampling date, and miner surface disenarge

was noted as was entry to the mainstream of gray—-c_o”lored, mﬂkj water, dis-

charging through deep graGefs of Maroga Canyon's alluvial fan. Water upstream
1n Aravaipa Creek was clear, and samples taken farther QOwnstreem were collec-
ted prior to arrival of the'input, thoe "spikes" in-concenfration,of‘a Targe
number of dissolved and total enalyses of various elements were recorded.
It is also possible that reducing conditions withfn sedfments‘of washes
' may allow dissolution of materials that ctherwise would have remained un-
available, further explaining the presence of locallylhigh levels of some'snch
materials. | | |
Dissolved concentrations of heavy metals in Aravaipa Creek, compared with
those in other streams. of Arizona that are known to receive mine neste (e.g.

' Lyn and Mineral creeks), are quite low. The last two streams have from 100
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. ~-to 1,000 times more Fe**, cu'™, an"', and Mn'" than Aravaipa Creek (Follet and

‘Wilson 1969, Rathbun 1975, 1975). Both streams, however,. are in far closer
* proximity to mines than is Aré\}aipa Creek.
Concentrations of metals in Aravatpa Creek were furthermore more similar -
- to - control sites . in two stud‘ies..-in-Colorado- (Wenf&‘z 1974, LaBounty et al.
1975), than thej were to aréas receiving iﬁf"low from mines. Watérs r';tlacei'y:i_,ng'.‘\

mine dra1nage in Colorado conta1ned maximum concentrations of Cd Cu++,

‘-P.b""'ﬁﬁ.. Fe' MnH, and Zn'! again 100 to 1,000.: tfmes ‘greater than in: Aravaipa"""_.

Creek. Cr'H' was not detected in the Colorado studies, but was present in-the .

Aravaipa. .
It should agam be noted that most heavy metals are- required 1n min'iscu'le‘

amounts for life processes .of ‘.-orgamsrns, and also brought out that standards

' proposed for "'hea1thy"_ water-supplies (Table V-10) may not universally-apply.

....For. example, threshold ‘concentrations, of.. 1etha‘Ht‘y for some fishes.of dis- ... .. ..

so1ved Fe++ is és low as 200 mg/1, and maximum recommended levels. for Fe++ is
.as Tow as 200 mg/1, and maximum recommended levels for Fe* in drinking water
mmwwmiaﬂaoomug/I or .10.0 mg/] (US,EPA 1973 and WHD 1971, respectjveTy).a;Precipi- o

tation of'Fe+ compounds "also may cause . consolidation of stream bottoms and
eliminate benthic 1nvertebrates and oxygenated interstices required by some
fishes for incubation of ova. Permissible 1imits for cu*t in water supplies
4s 1.0 mg/l1 (Table V-10), yet- Lewis (1877) demonstrated ‘the LC-50 (50%
mdrtaTity of test animals) for Cu++ was 880 ug/1 for 1ongffn dace. .'A mixture -
of 210'ug/1 Cu++ and 280 pg/1w2n++ was .adequate to kill 50%. of test fish 1n~aﬁ_t
allotted time, demonstrating the synéfgistic effects of some-metﬁls;

Aquatic plants aiso may be influenced by Tow concentfations of heavy

' -metals. Algal photosynthesis has been reduced under experimental conditions . -
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by dissolved cutt concentrations between 1.0 and 300 pg/1, and 10 pg/LZn++

(Clendenning and North 1960, Steeman-Nielsen and Wium-Anderson 1971, Rabe et -

al., 1973), and'NOBQN fixation by algae was reduced:by § to 10.p§/1 cutt (Horne
and Go]dman.1974) ~ Photosynthesis and carbon assimilation by algae also have

""been reduced by- ot concentrat1ons between 100 g/T and 1.0°mg/1 {Wissmar

1975- Goldman 1964) _
Low max{mum: permissible Tevels of Hg (Table.. v'1o)'-are' because the

,,,,,

and through gastrotntestinaI or resptratony tacts (USGS 1976) Fjshes can

1ive with no obvious adverse effects at levels of dissalved Hg far greater:

than those recommended ~ (McKim -et al.

through food chains from 3,000 to 10,000 times Teve1s_1n.water (Hannerz 1968),'.-

and therefore present problemé at higher trophic levels, including man. Cdf

also is known to accumulate in vertebrates.  Particulate materials. that .
‘htnclude Hg++, Cd++, and other heavy metals are 1ngested' byt filter-feeding

organisms, thus accumuTation sequences nmy be enhanced where tota1 concen- -

~ tratfons include a sign1f1cant undisso1ved fraction.”_ L, w,qrwﬂwrnkri

Mean concentrations of total ‘metals in Aravaipa Creek- were" n aII_g
instances substantially higher than dissolved leveis. (to 50 fon)_ H1ghest""a

particTe-boond loads were oHvious]y'associated‘with turbidity during.floqdé,.

and may be

watershed (Appendix C).  Tributaries, with notable exceptions, weré less

 extreme in total metals than the mainstream. However, this may be an artifact .

~in part due to more comprehensive samp]tng of the channel. The majon'excep-
tion was Hell Hole Canyon,'where total concentnations‘for'£r+++; Cu*f, Cdf*,

1976}, 'but concentrate the element )

e IR
e d

attributable to mine seepage ‘and exposéd mine wastes. in the .
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Fett, T pb**, and Zn++, were from 20 to more than 10,000 timeé dissolved

levels during high discharge.

The s1gn1f1cance of part1c1e -associated heavy metals in natura] waters

has not been adequately assessed 1in. the Iiterature. Presence’ of‘,e]evated

'concentrations “almost ‘certainly Tndicates 1uxuny concentration through locaTI"

food “webs 1nto higher organ1sms. Sediment-bound elements are genera]?y'

considered unava11ab1e to plants, except under condit1ons of 1ow pH and low“f‘ o

dissolved oxygen ‘whére ‘the Tons may be released. This 1§ un}1ke1y g thez““
Aravaipa Creek system, w1th reTat1ve1y hfgh pH and oxygen 1eve15 (Section
V- B), but may occur with1n deeper sediments (see above). Diversity in the.

biota of Aravaipa Creek and 1ts tributaries suggests that the potential

influences of high -part1c1e—bound' me;al concentrations are not. yet dis-

cernible.
" B. Macrochemistry

-1, Introduction end Methddolggx

Long- -term (genera11y 24 hours or Tonger) studies of se1ected chemical

features of Aravaipa ‘Creek. included analyses of disso?ved oxygen 'COnCEn=-

trations, hydrogen fon. levels (pH), conductance, ‘and the- macronutrients-

phoéphate-phOsphorus (P0,-P) and nitrate-nitrogen fN03-N). . 'Variatidns in. -

4
these parametertwere thus defined on a diel, seasonal, and annual basis, and

at differing levels of discharge. - The first three were determined - electro=

metrically through use of a Hydrolab-11, Survéyor®, and macronutrfents were
analyzed colorimetrically with a Bausch and Lomb Mini-spectrometer®, Results

were reproducible with both devices at approximately 95%-1eve1$ of "accuracy..
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2, Dissolved Oxygen

$olub11ity.of-oxygen s considerably greater in cold than in warm water.‘

The gas enters agqueous solutions by diffusion-from air and through photo-
. synthet1c act1v1t1es of algae and other pTants, and when saturation is

exceeded diffusion gradients are reversed, especially fin sha]Tow, turbulent\

streams, and oxygen 1eaves the system. Oxygen removaT from water 1s effected

In Arava1pa Creek, Tevels of d1ssoIved oxygen varied 1nve+sei}”“te”l““"”““

~seasona1 water temperatures, ,and - in periods of high productivity - varied

positively with daytime-light (Fig. V-26). _Periods of Tow productivity, as
after seasonal flooding and scour in winter and late summer, are indicated in

the figure when nighttime ‘oxygen concentrations -exceeded those recorded in

day]ight hours.

In Tate winter and spring, pr1or to onset of summer fTooding, daytimem

0Xygen Teve]s were sign1f1cant?y h1gher than those recorded. at night. Photo- -

synthetic act1v1ty of profuse stands of a19ae and diatoms produced oxygen

supersaturat1ons on many dates, despite turbu]ence in the system. Community” :

resp1ration at night likewise 10wered oxygen 1evels to - substantia11y be1ow -

saturation on occasion, although never to a level crit1ca1 to the stream
biota. Lowest levels of dissolved oxXygen . were recorded over- a: s1ngle 24- hour

period in the upper segment and in the front wave of a flash flood on lower

Arava1pa Creek.

Low oxygen in upper Arava1pa Creek in August 1977 was recorded five days -

after a f1ash f100d Alga1 popu]ations ‘prior to the spate were relatively

h1gh but were deteriorating after a period ‘of biomass accumulation .and high

productivity. The f1o0d displaced a1ga1 mats to sides of the channel, buried .

“T":
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i s Ot SeemamcOnductances——open=—circles. .=
half-darkened circles = pH.

' Selected»cheﬁﬁcé?.cohditions'before;'during and - after .a flash -
flood: in Aravaipa Créek, Pinal County, Arfzona, August 1977: ..

Iv-14.

dissolved ‘-oxygen; *and: '
For data on temperature see Figure -
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. some of them in sand, and caused accumulation of algal masses as Tange as 5.0
m? behind obstructions. Photcsynthet‘ic activity was therefore minimal,
temperatures were high (Fig. IV 12, range 19.5 to 32.0° ¢), and decomposwtion o

was at a maximum, all contributing to low oxygen va]ues.

“Patterns of change of dissolved’ oxygen and other chemicat features in the

flash flood, on Tower Aravaipa Creek alse in August 1977, are depicted in.

F-igureIV-27 " The sudden depression of oxygen was unexpected,’ and 15 diffi-'_” .

W

RS ok VN & A o1 -e'xp.'lra in,.  Vast amounts-of -organic. mat—en-i-'a:’[, is mobili ,z,ed;;;bx‘tishﬁgié.::.ﬂ'(?"‘.:,..
during intense summer runoff from desert terrain, along 'with"finorgen‘lc
nutr1ents (Fisher and M1nck1ey 1978, Grimm 1980) _' In addition, Streain sedf-

ments are deeply scoured, perhaps exposmg reduced conditwns and materials

and incorporating them into surface d1scharge. odors of decomposiﬂon, e_g.

hydrogen. su1f1de and others, are 1nt1mate1y associated. with abrupt.flood waves
. in Desert streams (Forbes 1902) Yet vo1ume of est‘imated discharge seems- t00
great to be influenced by -in situ .respiration or by incorporation of .de-
' dxygeneted materials -'discharge*in- the etream changed . from an. e‘sttr'nated. 0.8
~———m—/s to-near 30,0 m /s in 17 minutes as..the' front wave passed. Furth-er -Study .

of this phenomenon is obv1ously caHed for (see also Section VI- B)
3. Conductance

Specif‘ic conductance corrected‘ to 25° ¢ ranged betneen.-l_SB'. and'.510
umhos/cm in Aravawa Creek ‘in .the pemod 1976-78, with- means. for 24-hour-j
studies generally falling between 430 and 460 umhos/cm (F1g. _V 28) Since ..
conductance is a reflection ,of' tota'l d1sso1ved _sohds- (TDS} 1n wat'er; a
general relationship exists between the two measurements desp'i_te variations -~

' resulting from different combinations of ions. .For-Aravaipa Creek, bas'ed upon

edmst oty
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Figure V-28, Means (horizontal bar), ranges (vertical bar}, and. one standard - .-
error {rectangles) for conductance In Aravaipa Creek, Graham and -

ASONDJFMAMIJA

76 - 77
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Pinal countles, Arizona, 1976-1978, Numbers of samples range

from 14 to 30 over 24~ to 36-hour periods on each date _
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. 5 samples. anaTysed for both parameters, conductance X 1.68+0.08 = TDS (range

1.53-1.74)0

Grand means for paired-sampling periods up- and downstream were 447.8 and

434.9 umhos/cm (TDS-252.3 and 730.6 mg/1), respectively, with the lower value.

downstream possibly refiecting precipitation of certaln 1ons (sée Fig. 1-2) or

more likeiy inputs from Eoca1 rainfall and perhaos through tase f1¢h from more

'dilute tributary canyons (see Tables V-5 - V-7) Kubly and'Cole'(1979j demon~

T StFated this satié pattern, @ decrease RTDS “as @ resuTt ot diTution | from

'tr1butar1es, in the Co]orado River through Grand Canyon Arizona.

No annual, seasonal, or dfurnal trends are evident 1n the data from-

Aravaipa Creek. Local diTution was apparent in periods of flood (see Fig.-°

v-27), but within'moda1 discharges there is only a weak tendency for.lower
conductance at the Towest levels of discharge. Correlation~1s-so Tow,‘however

© {r = 0.27); that such a re]ationsh1p may oply be suggested. (Fig. V-29).

4, Mydrogen Ton Concentrations (pH) . -

Spatial and temporal’ patterns emerge from data on hydrogen: ion codéen;“fa“‘wx“
tration (as pH) in Aravaipa Creek (Table v-11) = the lowermost reach was

qnvariably higher in pH (more alkaline), and values were lower in.summertime:

and at night than 1n winter and during daylight- hours.
Lower pH near the source of the stream may partially be exp1a1ned by
inflow of groundwater charged ‘with carbon- dioxide, - and a150 by underfTow 1n

deep al]uv1um upstrean from the canyon. Carbon d1ox1de 1n 50115 is derived

from respiratory activiiies'of bacteria, fungi, and other organisms, and when -

combined with water forms a-weak solution of carbonic acid. Loss of -carbon.

dioxide from the system through diffusion and photosynthesis by autotrophs

T
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results in an elevation of pH, and alsc may result in depositidn of'relatively

insoluble salts such as calcium carbonate {(see e.g. Fig V-2).
Inflow or underflow a1so would tend to suppress variations, as noted for

temperatures in upper,Arayaipa Creek, and pH variation was in fact less on an

" apiiual’ basis at the upper stations (Tab1e“V"ITj o
The tendency for decreased pH va1ues throughout the system 1n summer may

also be re]ated to underf]ow.- At 1ow summer discharges, assuming a constant

- yolume” of water fioving: through perviaus segiments- of -th stream bed, a. 1araer-;-f

proportion of total discharge might be beneath the surface of substrates at a

given time and thus acquire. and retain carbon dioxide from that source. Flood, .

waters, genera]ly exc1uded.from Table V-11, tend to. be Tess a1kal1ne than-

those. of the creek (Fig. V- 27)

.Day- and n1ghtt1me d1fferences in. pH may be attr1buted to. photosynthetic

activities of the stream's algal flora. .Carbon-dioxide 1s taken~upsdur1ng~u~a

this nrocess; forcing pH values upward, th]e-biotic respiration at night adds

the gas to water to Tlower pH.

observed in dissolved oxygen data (compare Table V-11 and Fig. V- 26)

.. Macronutrients

The greatest disparities between hight-: ‘and;

dayt1me values .in- both stream reaches correspond well with maximum differencesﬁzwn.

Nitrogen and phosphorus-dynamics;in low-desert streams in. Arizona were -:-

recently studied in detail by Grimm (1980). Nitrogen is rare in desert. soils,
and its passage through .st
which, in some instances,lmay result -in its further dep]etion-and-rasulting

nitrogen limitation of primary' precduction. = Phosphorus cycles ~are less

complex.

ream systems involves a complex series of -events -

Both macronutrients .are influenced by biologic and. non-biologic.
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oroceSSes in stream waters, but phosphorus seems far more available from
physical sources, such as adsorbed to sediments, and rarely becomes dep1eted.-
Nitrogen and phcsphorus are presumab]y taken up by algae at ratios equivalent

to their concentrations in cell contents (ca. 1:14 in Cladophora sp.; Wong and

Clark'IQTE‘—GrﬁhmT“TQBU?j“sd“nTtrogen“woqurtheoret1taTiy“tnr“TTmtttng“to5aTga1w~www

product1on when the rat1o is less than that value, and phosphorus woqu be so

- when_ the ratio exceeds 14 _ Other nTtrogen sources, e 5N ammon1um,.are re1a-‘

|

|

o |

: |
i

e ——— u—..—ﬂl

et fveéty-rareine
orthophosphate is the form of that e1ement directly ava11ab1e to p1ants.

Data for Aravaipa Creek indicate a re1ative1y constant concentration -of-

P04-
~ (Fig, v-30, Table V- 12) . N03 -N, on the other hand,3was always 1ower down=-

' stream than in the upper. reaches -when paired sampling per1ods were compared

_was’ higher - after periods—of" flooding— throughout“the system* and was Towerﬂ““"' 3

after periods of Tow f10w when re1ative1y ‘high pr1mary productivity was

occurring in both" upper and 1ower reaches (but more: spectacular1y so after 10“ 2 L
' discharge periods at the- Towermost end’”'ab¢E*V"TST“m Reduction ine N03 N up-afwn i

to downstream in paired samp11ng .periods after low flow -averaged about 523, .

whereas the same value followihg flooding was about 31%. . Ratios of. NO3 N*
P04-P, a rough measure of actual nitrogen:phosphorus ratios,,never exceeded.lo

in flowing segments of upper Aravaipa Creek, or 5 Tn the Towermost section,"so'

nitregen would be the T1m1t1ng nutrIent under cond1t10ns of short, supply. _‘,_’-‘

Examination of 1ong-term sampling data revealed no statistica11y signifi-
cant differences among data collected during the day and those .from n1ghtt1me‘
hours. Logically, at 1east_N03-N should be Tower during daylight hours as -2

result of algal uptake, but variation was,high?.masktng any differences that.

P up- to downstream; before. and- after f1oods,”and throughout the year:::

- SR

L
RN

TSt
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mg/1, Upper End

PO4P
Y oo oz = 04

mg/!; Lower End

Figure V;30.

Relationships of concentrations of PO,-P and NO_-N.at ubper,and

lower stations on Aravaipa Creek, G#aham and 3pinal counties,

Arizona, "1976-78. Data are daily means for paired up- and
downstream sampling dates; see-text- for further explanation.. .
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.~ Table V-13.. Summary of-macronutriént concentrations after
"flood or. drought, and as paired sampling periods,

Aravaipa Creek, Graham and Pinal counties, Arfzona.

error of the ]
Data compiled from Table V-12,

SRP11124 -
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various perjods of

up-" and downstream in

mean; n ‘= number of samples; and ratios are for

ata 1n mg/ltone standard
NOB“N’: P04"Po

- eERdTtTORE O T, T Ao NQTM. .o

Data Sets =

Ratios

Paired Sampling Dates - . =

0.1120.00 3.6 1 o C

- Upper Segment

': ;

Lower Segient 74 0.20+0.09 73

After Drought Periods S ‘ o

" Upper Segment " 48 “0.2740.06 46
' Lower Segment | 37.
After Flood Periods . . T ,
" Upper Segiient” - " 56 0.49+0,15 56

Lower Segment 45 70.3430.13 45

0.09+0.04

0,13+0.13 36

S
0.14+0.10
0.08+40,04

0.09+0.04 <
0.09+0.03

2.2

gt 0

. ..Mr o

1.9
1.6

5.4
3.7
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';- :might .have existed, and differences that occurred at a given sampHng po1nt
-were. apparently .small enough to. fall outside the range of sens1t1V1ty' of

anaIyticaI techniques.

water sources .for Arava1pa Creek, where flow or1ginated from the sub-

strate, had about the same 1eve1s of PO4 -P as: samples from the.fiuwing stream,

but-NOa -N levels were invariably-higher in such'pTaces.. Uptake of N03-N be]ow.wsn

such,eaurces is_rapid, positively. carrelated,wjth initial: cannentretions,eandﬁg)wm;;.

' .obvfous1y.re1ated~to standing'crops and primany product1v1ty of a]gae {Grimm

1980; see ,a1'so__-§.._§g:__i.q_d_;__VI—A)- Data for uptake of NOy-N below the source of.

“Ardvaipa Creek and in Turkey Creek are in Tab?e V-14,

-F1ood.waters-aTso were h1gh-in N03-N somet imes spectacu]arly 50 when '

o front;waves.of-f?ash floods were sampled. “gwﬁggggwpf qggugmpis'm /s in Hell
'  Hole-Canyon in August 1976 had 68.5 ing/1-N0y-N and 1.06 mg/1 PO,-P. A small
- floed. of about'1.58:m3/5”in Aravaipa Creek near the mouth of Turkey Creekfthat

-same -month- carried 19, 5-mg/1 N03 -N; P04 -P was nbt determined. A flood of ca.

BO#m /s near the ‘mouth of Arava1pa Creek in August 1977 yielded an average of
42.16+16, 85 mg/] NO -N (range 28.4-61.3 in five samp1es taken over a: IO-minute

‘period). . P04-P in the same samples averaged only 0.43:p.32 mg/lu_(raqge.

0.3-1.0). - Fisher and Minckley (1978) and Grimm (1980) reported simna’ri_y high

values for N03-N in floods of other low-elevation watercourses 1n.Arizone.
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Table V-14."; Up-  to. downstream changes in macronutrients in Aravaipa and
Turkey creeks, Graham County, Arizona.. Sample series marked with an asterisk

| (*) were taken within 30 days of flooding; see text for further explanation.

Data in mg/1e.

Dates . .Source 100 m . 500 m 1,000 m 2,500 m
Aravaipa Creek, N03-N
Cpagust 1976 1 0.47. 0,370 Nodsta | 0.24 " 0.09
- October . - 0.51 .- 021, . 70,20 . .0,18 .. - 0,11
ganuary 1977 QT 0363 Qe O 03
June 0.39 0.41 - -0.21 0.09 - 0.11
" October* 0,94 s 0887 0,83 0.72 © 0,73
- December* - L.07 0.93- - 0,97 . 0.83 . . 0.85
January 1978* 1.31 0,94 ° 09 -~ 093  0.95
. . .. . |
o - Turkey Creek, NO"-N
" October 1976 0.6 C0.29 0,07 T net " not
v - , ‘ : S ] detected .fdetqcted
o _ . Aravaipa Creek, P04-P
August 1976 0.07  0.06 0.07. © 0.05 " 0.06
October 0.11 0.09 0.09 0.08 0.08
November C0.11 0,09  0.10 ' 0,09 0.12 .
January 1977 - 0.16 0.16 0.14 0.16 . 0.15
June 0,08 0.09 0.09 0.07 No data
October* | 0.17 0.16 0.17 | 0.21 0.17
January 1978*  0.21 0.22  0.19 _ 0.8 0.2
Turkey Creek, P04-P
October 1976 . 0.11 0.14 0,11 0.10 0.11
January 1977* 0.10  0.10 0.09 0,08 0.10
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- ¥YI. . BIOLOGICAL INVESTIGATIONS

“A.. Mgae and Algal Pigments

1. Introduction:

- Algae form the basis;for-produpfivity b? mbstraqqatfc systemg,r‘Iﬂjﬁdhthg'

westérn streams, in situ fixation ‘of carbon:through photosynthesis provides a- '’

- present. (Busch and Fisher 1981, Gray 1980)... In flowing waters, most algae

. {e.g. epilithic, for algae living on stones; .épiphytic,- for- those on other

majority of the organic materials upon which higher organisms depend- (Minshaill

1878), and production rates are Such that—fegggkabjy-high‘Standing;qropslare

w,.coloﬁfze substrates -'sediments, rocks, debris, and other.Iiving organisms -

vand are termed periphyton- (Wetzel and Westlake 1969). Appropriate adjectives

- .-..plants; and epfpelic,‘for a?gae'Iiving on ;he surfaces of finer sediments) are

_used to specify habit and habitats.

Most algal communities in Aravaipa Creek- were - dominated by diatoms

(Baci11ariophyceae) and green algae {Chlorophytae) on stabilized substrates in

- current. A number of other groups were présent in spec%al'pfaces‘su¢h as

floodpools, small backwaters, and quiet habitat in the mouths of side_canyons.

A list of taxa identified from the system is in Table VI-I,

2. Methodology

Sampling of algal populations for quantitative estimation of biomass and
standing crops is remarkably difficult. Direct enumeration and determination

of biomasses could not be done because of time constraints, plus other
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Microspora

_Mougeot1a

~ CHARDPHYTA

o Charé

CYANOPHYTA

Anabaena

Cylindrocapsa

Gieocapsa
Lyngbya

EUGLENOPHYTA

EugIeﬁh :

CHRYSOPHYTA

Vaucheria
Achnanthes
Amphora
Caloneis
Cocconeis
Cyclotella
Cymbella
Denticula
Diatoma

Fragilaria

- Rydrodictyon

Ulothrix
Zygnema

Nostoc . .
Dscillatoria
Sprulina :

Phacus

Gomphonema
Hautzschia
Melosira
Meridion
Navicula
Nitzschia
Pinnularia

Rhopaloda
Surirella

Synedra

113
’ . Table :VI-I. .-Algal genera .identified .from Aravaipa Creek, Graham and Pinal
' counties, Arizona. : .
CHLORQPHYTA ;.Q
~Ankistrodesmus ””65&3§Eﬁ?ﬁﬁ“7“”“ T
Chlamydomonas Pediastrum
- ..Chlorococcum. . . Rhizoclonium -
. Cladophora Scenedesmus
. Coelastrum : _ Spirogyra:
e . Gongrosira. ... . .. __Stigeoclonium .
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sampling difficulties’(see Wetzel and Westlake: 1969) Determinatfon of photo-
synthetic p1gment concentrations was thus sett1ed upon as an Andfrect measure
- of . populat1ons.. -Problems st111 exist, however, espec1a11y those involving

chlorophyll:. degradation productlons (phaeophyt1ns) that may interfere with.

i, ot ..
AR e

reach of stream after flood (Busch 1979), and this. also causes samp11ng

spectrOphotometr1c &nalyses. Corrections.. fbr poss1b1e phaeophytins were not

app1ied to samplés. . These products are most- abundant in Tater: stages of

deveiopment of: algal communit1es, as, successive algae coion1ze and d1e, so'_j<,¢¢

“hest'N&TﬁeSTare:nmstfsuspertm"“’hTs“ﬁs‘especﬁaiiy trueafter: ]ODg“ﬁEPfﬁﬂSf;;Efﬁ«

of low d1scharge that a]1owed accumu]at1on of dense mats. M1nera1 substrates

“in Aravaipa Creek add- another d1ff1cu]ty, mak1ng removal of algal celIs diffi-

. cult so -that complete extraction of ch1orophy11 might not occur; underestif

matfon of standing crops may resuTt.

Aigae ‘tend ‘to be:. d1str1buted in patches, eSpec1a11y when- co1onizing a

problems. To circumvent this, three types of samples were taken for determi--

nation of chlorophyll a: A{I)‘A suction device was utilized to obtain inter-

.stitial and fragmentary materials from about 50'cm2

" materials were removed from water by fi]tratfon through HA® Mi111pore f11ter-

discs (pore size 0. 45 u}, which were p1aced on fce and returned to the

Iaboratory, (2) a scoop of substrate, approximately 1.0 cm deep, 10 cm wide,

and 10-20 cm long, was taken, gently washed free of part1c1es, then,iced; and.

(3) a composite scoop. of bottom materials was taken .as.above, and treated‘the

same except it was not washed to remove fnterstitial materials. Sampling was

done in current, near shore, and in the center of the channel at each study

site.

of bottom-—partacdiaie '
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.In the .laboratory, extraction of-ch]orophy]I a was by 95% aeetone in

:dark coo] surround1ngs for 20 hours. SampTes were treated with magnesium'

carbonate to retard chIorophy]] degradat1on, filtered, and ana?yzed at 665 um,

with a correct1on for residua] turb1d1ty at 750 um, on a Bausch and Lomb

T Mind- spectrometer. Approx1mation of ch1orophy11 a was made by use °f formu1as

provided by Talling and Dr1ver (1953) Convers1on of these values to organic

"”werght ‘was mademby mu1t1p1y1ng by 90,"assum1ng that popu1at10ns in Aravaipanu”‘;.

“Creek were rare1y nutr1ent 11m1ted and “that ‘carbon is 50% of organic we1ght e

(see Strick]and 1960). _ N
' Ch?orophy]I a determ1nations from mats of CTadophora g1omefata, tne

dominant 1arge alga in the creek, were so variable that such sampling, was
terminated - after a few study per1ods. For examp1e, five replicates from a

single mat near Turkey Creek varied so that one standard error of the mean was

greater than the mean - 267 9+292 8 mg/m chlorophyll a (range 61 4 - 873 9),

resu]ting in an est1mate of 24. 1+31 6 g/m ash-free dry weight, Actual
we1ghts of the alga were far 1ess variab?e, 25. 7+7 6 g/m ., This resu1ted from
the commun1ty being heterogenous in t1me and space - some sections were grow—
ing active1y, some were senescent, and. the large a19a 1s inhabited by a myriad
of ep1phytes that also 1nf1uence results. Samp1es of C. g1omerata were there-

fore taken directly, air dried, and weighed after firing at 550 C for 4 hours

to estimate stand1ng crops."

Analyses for pigments other than ch1orophy11 a were 1ncons1stent and are’

not presented.
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3. PResults

Interstitial  or  otherwise unattached (epipelic) . dlgae estimated from:

chIorophyll a in 118 samp1es from Arava1pa Creek prior to onset of sustained - -

standing crop.-~.Samp1e5~from.the same period that were washed of epipeliq' _

matefials; tﬁerefbfé-reﬁresenffng epi1ithihiécﬁp0hehfs'df*the'CdMEUnity; énd Wf"““

'about the same percentage (1 233 versus 1.422 g/m v-respective1y) washed'

. samples-were thereforeﬁarbﬁtrarﬂ1ym1ncreased by"ID 8% and~ comblned w1th total

F

e

‘samples for presentation (Table VI-2}. -Encnusting communities cqnsisted- .

- almost entirely of diatoms.

Data on' standing—crops—of Targer filamentous algae (Cladophora“glomerata

+ epiphytes). in bottom samples from Aravaipa Creek were presented by Bruns and

Minckley (1980) for the periodAApril 1975 thrqugh April 1976, and these“were

" supplemented by additional, although less .exterisive sampling, through April

1978 (Table VI-3). | |
Standing crops of periphyton in streams are'reIated_to light intensity,

temperature, and scour, and to more subtle things as grazing by consumers,

possib]e‘.nutrient limitations, and senescence.  Comparisons of up- and

downstream values of standing crops of algae with,tﬁo;e from within Aravaipa - -

Canyon revealed -significant differences obviously commensurate with Tower

1ight intensity 1n the narrow gorge. The .first twp‘heens for encrusting forms

(Table VI-2) are essentially the same, -1.475 and 1.618, respectively (grand
mean 1,580 gfmz), whereas the average within the canyon was 0.490 g/mz. The

large, filamentous C. glomerata community averaged 11.0 times higher in

. standing crop than estimates for encrusting periphyton above the canyon, only
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'-‘ . Table VI-2.- ' Standing crops of encrusting periphyton derived from determi-
‘nations of chlorophyll a .(X 90} within and upon (epipelic) and attached

) ~,(epiﬂithjc)|.to..substrate;-in- Aravajpa..Creek?;Grdhmn and Pinal counties,

" Arizona. = Data are ash-free dry: weights, g¢/m°; numbers of samples are 1in

parentheses.
Dates e epipeiic epilithic epipelic epilithic ‘epipelic epilithic .
© September 1976. . . 0.117  0.131 0.036  0.076 . 0,072 0,638
St 18y (28] 5 (8 (s ()
“October - 0.306 2.522 0333 To.847 . 0.441 .59
| Chnoo(y e (e e (1)
November - 0.234  0.999 oIl o.085 . 1,904
SRR (8).  (‘20) T (e (12)
January 1977 0.405  2.655 0.009 0.143 0,009 . 0.133
. (11) (19) 2y ( 8) ( 4) {( 8)
- February = - 0.009  2.789 LTI 0,018 1,504
' | Oy 1y T e (29
March | '0.018 0.742 0,000 0,447  0.000 0,571
R Ce) L1y (8 (1 (2 (8
April 0.000  1.228 e - 0,000 1,247
3 - (3 (6 | B A B
June 0.441 1,418  =mmem  mewes 0.000  1.552
= ("3 (9 : 1 (9
July? 0.072 ° 0,923 = ---e- J— 0,000  0.999
- o (8 | T (s
July! through - +0.009  0.029 0.009 0,038 0.009  0.038
April 1978 (24)  ( 61) (113 (23)  (16)  (-52)
Means, paired 0.207  1.475 0.099  0.409 0.180  1.618
samples only ( 42} ( 75) _ { 16) ( 31) ( 17) ( 44)
0.197  1.285  -me-e  <emm=  0.090 1,561
( 63) . (130) . ( 39) (108)

D lhefore and after dates in July when sustained flooding commenced, -
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- Table VI-3. :  Standing crops of filamentous algae (CqugphoEa'QIOmekata +
- epiphytes) in samples from Aravaipg Creek,. Graham and Pinal counties, Arizona., -
Data:.are.ash-free dry-weights, g/m”; numbers of -samples are in parentheses. -

Dates Upper Canyon Lower

Cperil 1975 - 41.§m(5) Y (6) T 6 (4)
Cdunes o 19,4 (5) - 5.4 (6) F- 20,5 (4)
| "**WwfLsfgmfajmwmmf’”"f“?§7°ff6?Ahmm'””3ffmf—"rfiffa)mff]"

o September———
- 328 0 0.0 (6) 5.4 (4)

" actober
Troo(6)t e 527 (4) e

- waddms December RGN 3.2 (8)
. {Januaty-Fgggyary 1976 15.1 {5) I. 5.4 (6) . 84.0 (4)
T Mareh - 11.8 (§) - 3.z (6) o 7 28,0 (4)
‘ e B3(B) - 6eB(6) - 14,0 ()~
4,8 (é)' - f’a#ii(z) B, (4)
9.3 (3) 1.4 (2) . 16.9 (4)

10.1 (4) T 237 (4)
January 1977 | 26,7 (4) - 3.9 (2) © 38.7 (4) .
March . 36.5 (4) L1 (1) 43.7.(4)
June 41.0 (2) = -=- | - 38.4 (2)
uy? 3.8 (4) wns - 56.7 (2)

‘ -Apridl
"' Seéptember
October

November

- duly? througn 6.3 (9) - 0.1 (9)

April 1978

Means, paired : ‘15,3 (83) 3.2 (55) 26.4 (48)

samples only -
15.4 (72) -——— 23.5 (65) -

é Tr. = less than 0,05 g/mz. ,
Before and after dates in July when sustained flooding commenced.
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7.8 times higher within the gorge, and 17.0 times h1gher in the Jower reach

(Tab]e'VIeB)w The a]ga requires relatively high light intensity [Warren et
al. 1960), as well demonstrated, and was far less abundant even in places

- where the stream was shaded by riparian trees (Bruns and M1nck1ey 1980).

Cladophora glomerata has been reported to be inhibited by termperatures

higher than .25% ¢ in Michigan Streams (B]um 1956, 1960) Its occurrence and

detr1but1en 4n—Aravaipa.. Creek, and elsewhere 1n Arizona, obvious1y 1nvo1ves

" :

temperature toTerances h1gher than that 1n summer, but the a]ga did appear toi-

becomemleeeﬂabundant in that .period on the basis of qua11tative observations.

oF No such re]at1onships were obvious in quant1tat1ve data. No a]ga identified

from Arava1pa Creek was consTdered character1st1c of therma1 environments (see

_.Brock.. 1970).___m_ e

"No algae resist scour,- as'was obvious 1n information derived both from
chlorophyll a é&nd direct we1ghts of per1phyton in Aravaipa Creek.. This
physical factor was superimposed on all other obvious features _regu]ating
algal populations. After flooding commenced in July 1977 (Fig. yi1-1), algae
were essentia11y absent from the system. Re1ationshtps of biomass: to

discharge are apparent when one compares length of time of moda1 discharge

| prnor to a g1ven sampT1ng period with biomasses recovered (Fig. VI-2}. In no

instance d1d samp]es within 15 days following a spate yield more than 0.5 g/m

of ep111th1c algae or more than 6. 0 g/m of Cladophora, whereas w1th increas~"

1ng time after flood, ever-greater biomasses of both components was obvious. d

The encrusting (epilithic + epipe11c) community recovered quick]y from .

disruption, increasing its mean bjomass by ca. 43 times in the first 30 days
above the canyon and 21 times 1n the downstream reach, Increase in the canyon

was 18 times, reflecting shading far less than expected. The community
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Figure VI-2.

DAYS AFTER FLOOD

Standing crops of epilithic ﬁériphyton and filamentous algae +

epiphytes in Aravaipa Creek, Graham and Pinal counties, Arizona,

relative to days following a flooding event: dots or horizontal

1ines represent means, vertical lines are ranges, and rectangles
are one standard error efther side of the mean, Solid Tines are
for above the canyon, dash-dot for within, and dashed for below.
Numbers are for number of samples; ranges and standard errors
excluded from semi-logrithmic plots. '

ekt
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attained or exceeded pre-flpod. conditions between 16.-and 4§ dayst after a

f'looding event.

Rates of. 1ncrease tn the CTadoghor community were: far s1ower upstream

from the canyon, 15 times in mean standing crop from post flow cond1t1ons to- o

“T"ca. 30’days 7ater.' Bfcmass “ihcrease i the canyon ‘was only 8.8 times in that

;- same period but" downstream rates of 20 times. in 30 days were the same as for

. :encrusting communities.: The C1adoghora community became most luxuriant in the'1”"

“peFiod 45 to 90 days; oF Tonger, after 71000 W1th a- tendency for 1ncreases 1n N

biomass to decline after 90 days at upstream stations perhaps ref1ecting 1oca1

- senescence of . algal mats. R ' ‘ ;.

. It 1s notable that epipelic biomass was re]at1VeTy more important in -

per1ods following spates, e.g. in- the months_October.througﬂmfgpryagx_}9?6-77

and. following Ju1y 1977 {Table VI-2).. This may. TefTect'organisms scoured and

otherwise displaced from solid substrates, maintaining growth and product1v1ty

by colonfzing within and upon the sediments. Since samples were not corrected =

for phaecphytins, itlaiso_was possible that analyses detected such products

and thus reflect accumulations of detrital materfals. High Tevels qf‘&etritai

-standing crop did not, however, correspond with high'chiorpphyil grdetermig_

nations. | o
Schreiber (1978) recorded negligible drift of algae in five sampling

periods_at a station near Turkey Creek. Only in January 1976 ;as‘a value "
'higher than “trace" recorded 301.4 mg/msr (wet weight = ca. 0‘02 g/m3,

ash-free dry weight), Far greater drift was . noted on other occas1ons, but' ‘

unfortunately was not samp1ed.
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4. Discussion

L .

standing crops of periphyton in Aravaipa Creek during periods of modal ' dis-

-charge were’ h1gh, genera]ly exceeding those records for streams in temperate

..regions.... Some. representat1ve standing. crops -are. means of.2,5.to 5 0 g/m over

a 20-month period “in ‘Morgan's Creek, Kentucky (Minshall 1968), and an,annual

average of IO.Q'g/mz in ‘Berry Creek, Oregon (Reese.1965),”;Mc1ntire‘e'(1973)
MA;Z:QLME;ofzgiékr

‘mixed periphyton after six'months of stabTe flow ‘under controlled conditions.
Most measurements of biomass of per1phyton in natura] stream *communities
1n the American Southwest approx1mate or -exceed even the last" exper1menta1

values. Naiman (1974) reported a range of month1y means of 118.7 to 295 9

' g/m2 (annua]'mean 163.2 g/m.) in the stable, remarkabiy productive Tecopa

Bore, a thermal stream nedr Death Valley, California. Grimm (1980) similarly.

found ca. 50 to 300 g/m2 in small, unshaded sections of desert streams in

Arizona after varying periods of low discharge. . Aravaipa'Creek'thos had high

_mean  standing crops that. corresponded well to data from elsewhere 1in the

region, with the exception of within - its . canyon where Vshadiog effected

suppression of productivity.

Recovery of the system after flooding, in a period between 16 and 45

days, compares remarkably well with demonstrated recovery of streams of the

Sycamore Creék watershed, central Arizona (Gray 1980). In that system, most

algal communities recovered within 5 weeks (35 days) after scour.
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B, Detrital Materials

1. Introduction and Methodology

Detrital_nmterials.jn streams are ofteh.considereq the principal food -

base for invertebrates, and thus for consumers_at higher levels (Hynes 1961,

.oet seg;) 'In'heav11y vegetated zones, autumn-shed Teaves and othEr parts of , _'

.. decidious trees are major. inputs -of organic ‘materials (Teal 1957, Hall 1972

:

watersheds, pTus organic transport from 1and surfaces 15 restr1cted to 11m1ted

P TP P D

’ 'and rare occurrences of ra1nfa11 adequate to createfsheet f]ow. Leaf faT1

from< broadTeafed ndeciduous‘ riparian trees a1ong Aravaipa Creek -occurs in

December (Bruns -and Minck1ey 1980), but large accumuTatiohs rareTy are

present.
Detrital materials in the channel consist of -both allochthonous. and

autochonous debris, and wefe'sampled a10ng with the C. glomerata community

just discussed. ‘Samples were air e]utriated through 203 um mesh netting.
dried, then fired at 550° for 4 hours to determine ash-free dry we1ght.
Estimates are minimal sincela large proportion of organic mater1a1 in desert
streams is less than 100 um (> 90%; Gray 1980), and must have passed'through'

the netting. Some information was obtained on drifting (exported).detritus by

Schreiber (1978). Data pn'dfifting detrial materials were originally pre- -

serited as wet weight, and were converted to approximate ash-free dry Qeight by'

multiplication by 0,05,

‘and- L1k1ns-19?3)¢ “Most :ese £ 5t ms—“hOWEch; ave re? ﬁvely-barren““W"JM

o —
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- 2, Results

Detritus:was- most abundant in Aravaipa Creek after-flooding, and' most.of -

it was identifiable at those times as finely ground or fragmented leaves,

"stems, and twigs of terrestrial plants. Amounts .after floods WEfe comparable

‘to, or exceeded, standing crops of periphyton after per1ods of low f]ow
' »(compare Tab1es VYI-3 and‘VI-4}). Mean smounts of detrital mater1a1 ranged from K

-:f25 8 to 47 0 g/m 1n the creek 1mmed1ate]y fol1ow1ng spates, and from 1.66 to C

' between-46-and-90-dayss-— - e

. Aravaipa Creek,

- 7.14 g/m after 45 or more days of modal discharge, Gray (1980) produced'”“”

;ws1m1lanwdaiawnn diminution of. aTTochthonous debris in. Sycamore Creek Arizona.

ﬁ1s va?ues, 1nc1ud1ng all . partfcu?ate organic materials, . were 231.6 g/m

within 15 days after flooding, 75,7 in .the period 16-45 days, and 56.9 g/m ‘

- Loss of al]ochthonous detritus from the. system 1s part1a11y explained by

downstream .export. Post-flood values in the upper sect1on and canyon of

respectiver, were reduced 70.0 and 68.5% by.lﬁ'to 45 days -

after spates, 85. 6 and 87.2% by 46 to 90 days, and to 93.6 and 87. 0% after

-more than 90 days. Correspond1ng va]ues below the canyon were 38. 1%, 76 2%,

.and 82.6%, . respectively, with the s]ower rate of loss ref1ect1ng ‘continuing

accumu1at1on of materials from upstream.

Drift of detr1ta1 material at a station near Turkey Creek ranged from
0.014 to 0. 054 g/m3 in five, 28-hour periods 1n 1975-76 (Schre1ber 1978){
Data for April, July, and October indicated drift rates of between O. 32 and
0.93%/day (average 0.54%/day) of standing crops in that reach. .For January‘
1977, when standing crop of detritus was negligible (0.1 g/ml; Table VI-4), .

the indicated drift rate was 15.1%, undoubtedly an artifact of sampling.
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Table VI-4. Standing crops of f1ner divided detritus 1in samp?es from Ara-_ .
vaipa Creek,, Graham and Pinal- counties, Arizona. Data are ash-free dny

.weights, g/m"; numbers of samples are in parentheses.

" Dates® L Uppér7w - " Canyon " . Lower
o April. 1976 . Il i 302 (B o TWB () 2347 (4)
June \ a3 (B) 6.5 (6) . (7.5 (4)
Septémber 53.8 (5) 94,7 (6)  42.0 (4)
| October o 18.1(5) 0 22.6°(6) T 28,0 (4} -
N, g S SEUPTT: ;Y 41 . SUNL I3 S 2L ST Y 0 7.1 W
| January ~-February 1976 I 0.1 (5) . 6.5 (6) .- _' 7.5 (4)"? "
March i 843 (5) 6.5 (6) 9.7 (4)
April £ 1 5.4°(5) 6.7 (6) 9.6 (4)
September - - .. -39,8(2) - T - 44.1(2) .- 31.2 (4) ..
October S 20,5 (3) 26.8 (2} 33.4 (4)
. November . e 4,3 (4) R | 9.7 (4)
'- 7 January 1977 0 L@y T iz o a8
March , - ‘ . 2.7 (4) 03,3 (1) 2.1 (4)
June B 1.2 (2) _—— 1. (2)
July? R 0.5 (4) . --- L3(@
July? ' B 42.4 (2) — 50.0 (2)
December - - oL o 18.7 (2) . _—— ‘.36.3.(2)
January 1978 12.8 (2) ——- . 30,0 (2) |
March 9.4 (2) — 14,9 (2)
April S --- —- 17,6 (2)
Means, paired 11.1 (53) 10.8 (55 22,2 (48

samples only S : . L
‘ S _ 11.3 (71) --- . 21.5 (64)

> Tr. = less than 0,05 g/n°
- Before and after dates in July when sustained flooding commenced.
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Initial’ losses after. flooding are-higher than indicated by Schreiber's

data -{all of which -was collécted between discharges of 0.12 and 0.59 m3/s,

< mean 0.33) S]opes in F1g. VvI-3 imply transport (or some other factor causing . .-

declines) in standing crops in upper Aravaipa -and ‘its canyon of ca. 0.95 to

-} 07--g/day--in- the farst 30. or. so.-days. . Over. the.finst,ﬁomday54mmean declines

-'.1n-the'upper areas were 0.34 and 0. 68 - g/day, almost exact]y that reported by

Schre1ber for instantaneous samples at discharges typ1cal of. that per1od of o

oot imes- afteﬁu—fTooding1_MH»Slewen_mtndjcetedﬂv1ossesﬂebeTow; the::canyon,“ agatn; '

reflecting transport into ‘that area from above, are uniformly 0.39-0.40 g/day

sver the first 30 or 60 doys (Fig. VI-3).

| It is notable that sustained. flooding between July and the.end of éamp- |
“1ing in April 1978 1nvo1v1ng repeated ra1nfa11 that must have resu1ted in
. sheet f1ow over desert terra1n, resu]ted 1n progress1~e declanes in detr1tus.
~Onset. of flooding in July’ resulted in a surge in standing crop from 1ess than
0.8 g/m to an average of 46.2 g/m in the creek (Tab1e V1-4). | In December, :
after four major floods (Fig. VI- 1), levels were at only 27.5 g/m , in January'i

~=(fo]1ow1ng another spate), 21. 4 g/m , in March (after 1arge floods 1n Febru-

ary), 12.2 g/m , and a single downstream sampTe -in Apr11 y1e1ded 17.6 g/m .

_ Watershed stores of transportab1e mater1a1s were apparentTy being dep1eted

Gray (1980) found allochthonous detrata1 mater1aTs essent1a11y gone from

. Sycamore Creek, Arizona, a few weeks after flood finputs, w1th 3 gradua1

buildup of autochthonous {(algal) biomass replacing it. " A similar pattern is

evident in Aravaipa Creek (comaare'Figs. VI-2 and VI-3), yet no combinations

of periphyton and detritus samples approach his max1mum figures for standing

crops. He recorded tombined'weights renging from 178 to 2,000 g/m (EVEFEQE‘

594,8 g/mz, n = 7) after long periods (> 90 days) of low discharge. As noted

.!D.—m’-
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. "Figure VI-3, Standing crops of ‘finely-divided detritus in 'and .on bottom
sediments of Aravaipa Creek, Graham and Pinal counties, Arizona,
relative to days following a flooding event: . symbols as in
Figure VI-2, ' L
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..above, Gray analyzed all particulate organic materials, more than 90% of whicﬁ=fﬁ
. -may have been missed by my coarser netting, Also, transport in the “con~

‘tinuous-flowing, larger, Aravaipa Creek may. not allow such accumulations to": -

persist.

3. Discussion

It has repeatedly been stressed in studies in~the American West that ‘.-

vwatersheds_are. comparatively.devotd of .vegetatTon, and- that, Th-Eurn;:-organte -

input to streams should be Tow (ansal].iQ?B).‘ Flood- tfansport of detritus

is,:however, apparent, and tﬁé‘materiaimhndoybtedly'contr{butés sfgniffcantly

.to. the system, at Teast in Aravaipa Creek.  Bruns and Minckley (1980)‘ad&}és-

~sed this situation in Aravaipa Creék, but it seems worthy of expansion here.

. The . Sonoran - and' Chihuahuan deserts: have .1arge’ components of scrubland
(Brown and - Lowe 1978), consisting of perennfal’ shrubs and small trees

scattered over  uplands and concentrated in washes. * Desert grasslands also

.have'a high percentage.of shrubby or afboresceht'ﬁégetatibn.' These plants,

such as cresotebush, -palo verde, bursage, and mesquite, are evergreen or
winter deciduous, but 1f either, are drought deciduous and rainfall “res-
ponsive. Protracted dry conditions result in leaf, stem, and even twig-fall

as- the plant dies back to its most resistant 'pafts; Rapid fesponses to

rainfall include- full Tleaf production and often production of f1owefs and

fruits, which also drop to the ground surface after maturation; * Smaller

-plants, and shrubs and trees, are eaten by animals, and dry.feces of desert-

adapted forms accumulate along with larger feces of man's 11veétbck (Forbes
1902). These matéria]s dry further on ground surfaces that may achieve more

than 65% ¢ (Hadley 1970), and may 1ie there with 1ittle disturbance other than
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wind forcTOng periods. - Few desert arthropods ar other groups feed -on dr1ed,;_

materials. -Larger items may, however, be encased and reduced toward detr1tus L

by_termttes.,-
Abrupt rainfall in desert quickly mobi]tzes buoyant 11tter and con-

centrates it 1in ephemera1- watercourses._w Lines 'of debris‘ stranded on the | :

surface of .coarse substrates when fToods recede retain water, and are attacked

by reducers as termites and other insects, and fung1. Repeated movement of '

'"matermar;;and“metng“at.wfth“sandgrmaKESytt-more accessﬁbtertO”reduction in4‘~'

EN

" -subsurface locales. By the.time: it is mobilized and transported by a defini-.

il

« tive .runoff event, .débris may-be the cons1stency of sawdust ‘or 'a -coarse

powdenfrincorporated with-inorganic bedload of. an ephemeral, interm1ttent, or

perenn1a1 stream. - If the 1atter, instability of sandy bottoms promotes con- . -
. stant mixing, .and organic materiaTs -are e]utriated into .surface - f1ow (Bruns"‘

and Minckley- 1880). Where sediments are deep, such elutriation may take a

Tong time, but where bedrock is near, transport-wf]] be more rapid. Perhaps

this explains in part the higher values of detrital material in samples from’

Arava1pa Canyon (Tab1e VI 4), representing . the interstitial ‘standing 'crop

transported there by flood p1us rapid transport of materials. from upstream.
Decline in abundance of a110chtonous detritus must also be attributed in

Aravaipa Creek to d1rect assimilation by an1mals.' The percentage Ioss to this

sink is unest1mated but must be substantial.

I propose that the relatively constant amount of detr1tus fn sed1ments'

after ca. 60 days’ fo11owrng flood represents a steady-state balance between

transport and production of autochthonous detrital materials. If this is so,

considerable amount of algae must be represented, and algal detritus may well
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. form a.major basis. for nutrition of animals in the system (see Koslucher. and

Minshall 1973).
c. 'Benthic Invertebrates

by W. L. Minckley. and. Stephen W Burton . .

"'1. Introduction

Unt+1ﬂrecenx1y, benthic.. inunrtsbrates 1n4dgsert streams*pt_Lngﬁﬁmg T

Southwest were essent1a11y.unknown. Bruns (1977) first dealt with the fauna

.................................

aﬂof:Aravaipa;CFgék "and this was expanded upon. and’ pub1ished by Bruns and

‘Mirckley - (1980).  Minckley (1979b)-|summqrized, information for Arizona,

including a-number of unpublished. repbrts, and Gray (1580) reported .on com- :

-munit1es of . aquat1c insects.in. the. Sycamore Creek watershed, ceﬁfE&f Arizona.

" The present section reviews and further extends 1nformation from Bruns’

or1glna1 contribution, presents dinformation -on drift of benthic animals

{Schreiber 1978}, "and ‘discusses the: 1nvertebrate fauna of Aravaipa Creek in

Iight of recent findings on life-history phenomena'within that group (Gray :

1980).

2. Methodology

Invertebrates were collected at intervals. from ApriT 1975 through April
1978 by Surber-type sampler (929 cm2) with .netting mesh of 228 ﬁm. ff tﬁo

samples were taken, one was from gravel and the other from. cobble; single

samples were from gravel bottoms. Materials were preserved in the field in

10% formalin solution; no corrections were made for possible shrinkage in -

preservative.
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0rgan1sms and organ1c debrts were separated from 1norgan1c mater1a1s by-z[n

Cair e1utr1at10n (Lauff et a? 1961), with .overflow parttcles reta1ned by -

:203'UW“_”¢tff”9} Remaintng substrate was visua11y 1nspected for heavy

organisms, then d1seerded. If large numbers of an1ma1$ were present, sub-

<amples_wwerwenanaiyzed._—TSUbrsamples*_wereweprecqee_ewuth1nmml1mmisﬂbconsldenedwmeLee

acceptable by ‘E11dott (1971).." Identification of.the fauna was with keys.of

- Ueiﬁgerm(19551;6nd“EdmondSbn”LIQSQJ. ,wet.weights_ofyorganisms were;determined“‘

”=fter dry1ng-iee—ereemnnute~en_¢ﬂbtt4ng_ﬂene- ma}=eee#ﬁieeﬁteeQSQEieee?er)uHeew

we1ght may be approx1mated by a factor of 0 1372 X wet we1ght ‘based upon 35

S a.us

samp]es of m1xed tnvertebrates ;ired for 4 hours at 550 C.‘
Drift of aquatic invertebrates (and-other materials as discussed befere)

Wés est1mated by drlft net of 333 um mesh. Nets were tethered between two

':'sect]qnsw.of:~re1nforc1ng, rod dr1yen 1nto the stream bed 1n center of the
- channel, Care was taken to avoid_contact with the bottom, and the lower frame

of the net was kept three or more. centimeters. above the substrate to avoid

agitetion of materials by induced turbulence. Speed of flow at the sambiing

. site was determined by the Embody (1927) cork float method, or by current

, meter. A. correction factor for volume of water fittered was computed from

dec11n1ng current- meter readings as meshes ‘became cTogged. Sampling was for
15 minutes at intervals through a 28 hour period. Materials‘col1ected were -

treated as for bottom samples. Dr1ft ‘was converted to numbers or mg/m by use

of the following formula:

N or W/T
D, or D, = x CF,
,1 2 NF x V
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Table VI-5.  Invertebrate taxa from aquatic habitats of the Aravaipa Creek
drainage, .Graham and Pinal counties,- Arizona, 1875-78, Minimum numbers of
species for each family are in parentheses. ' Symbols: X = primary occurrence;
X = secondary; - generally absent or rare. - : '

_ Typical Habitats
Main- - Side - Rain

Ephemerella micheneri
Traver ) SR X - -
Tricorythidae{3) . : : :
Tricorythodes minutus
Allen X X o
T. dimorphus Alien . - X - - : -
- T. condylus Allen ' X - e -
Leptophebiidae(2) : : : o , '
Choroterpes inornatus
- Eaton X X
. Leptohypes apache Allen X -
ODONATA (dragon- -and damselflies)
Gomphidae(3)
Aphylla(?} sp. X X
Undetermined sp. . X X
Undetermined sp. - -
Reshnidae(l) (darners) :
Aeshna sp. - -
LibeTTulidae(2) '
Dythemis(?) sp. X X
Undetermined sp. - X X
Coenagrionidae(2)
Isnura sp. X

Coenagrion(?) sp. X

N L
><

>
]

Taxa— e et M‘.‘.__.__.-‘..‘.._..._.....5;.pe_a.w,‘,Ca“nynonsm.___'ij.najas._.ﬂ......Ron.]..s_‘ e
INSECTA
COLLEMBOLA (spring tails) _ e i .
 Poduyridae(l) .
— P GG aqpab1ua e o X - e S
o Sminthuridae{l) |
» Undetermined sp. X - - -
R EPHEMEROPTERA {mayflies) T S
Baetidae(4) -
_Baetis sp. "A" X - - -
Baetis sp. "B*. X 'Y - -
Callibaetis sp. X X X -
Centroptilium sp. . ¢ - - -
= - " pestaceniidae(Z) e IRTE - ,
. . Rhithrogena sp.. - - X X - -
. . : Heptagenia sp.. . - X -
Ephemerellidae(1) '
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Typical Habitats

. . Table VI-5. Continued.

: T k Main- - .Side : Rain
. Taxa . . stream Canyons Tinajas . Pools
)  PLECOPTERA. -
Capniidae(l)
Capnia frisoni Baumann _ 7 L
- . " and Gaufin . . X ' X - -
HEMIPTERA - (true bugs) : : : C e
» Macroveliidae (1)
o f"","':"_f:f_"f"‘"'”"f"ﬂﬁd'é'ﬁ'rmmﬁ'_sp': T e T X - =
o ““VeTiidae. (2) ‘(broad-shouldered =~~~ =~ =
" water striders) S
"Rhagovelia sp. - o - X -
o “Microvelia sp. . | x - X -
o - Gerridae(l) (water stridérs) ' ' o
Gerris sp. - - X = X X
Belostomatidae(2) (giant water - _
bugs) - . :
. ' _ Abedus herberti Hidalgo X ) S X
R [ethocerus medius (guerin) e X
S Nepidae(l) (water scorpions) ‘ -
Ranatra sp. - X - -
Pleidae(l) (pigmy back swimmers) . c
Plea sp. o - X - -
Naucoridae(l) (creeping water ' : . o
bugs) .
- Ambrysus sp. : X X N
Corixidae(2) (water boatmen) - :
Graptocorixa sp. X : X
Sigara sp. _ . _ - ‘ X.
Notonectidae(2) (back swimmers) '
Buenoa sp. . : - X X
Notonecta sp. - X X X
Mesoveliidae{l) (water treaders) .
Mesovelia sp. . . : - - . X -
Gelastocoridae(1) _ S
Gelastocoris sp. X X - L -
MEGALOPTERA . o
Corydalidae(1l) (hellgrammites)
Corydalis sp. - S X - - -
TRICHOPTERA (caddis flies) .
Hydropsychidae(2) . ,
_ Cheumatopsyche sp, X X - .-
Hydropsyche sp. X X - -
' . Rhyacophilidae (1) |
Rhyacophila sp. _ - X - -
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135

. . Table VI-5. Continued.

Typical Habitats

: : "Main- Side .. Rain
‘Taxa' - - ‘ : stream Canyons Tinajas Pools

Undetermined sp.
Hydroptilidae(3)
Ochrotrichia sp.:
Leucotrichia sp.
Mayatr1ch1a sp. .
it mpephi-d-idaes t.l_)__.‘..,ﬂ.»;w.;. et i b
Undetermined sp. '
Heliocopsychidae(l)
Helicopsyche sp. . e X e -
. LEPIDOPTERA (butterflies and moths) a oy
Pyra11da$(1) - * SEE
Cataclysta sp. - _ -
| COLEOPTERA '(L_beetles) _

Gyr1n1dae(1) (whirligig beetTes)

. ' Gyrinus sp. ' - X S
e . Halipiidae(2) (crawling water S e S
' ' beetles) .
Peltodytes sp. X X
Undetermined sp. -
Dytiscidae(7) (predaceous d1v1ng
beetles)
Bidessus sp. .

A e—

Deronectes sp.

~ Hydroporus sp.
Laccophilus sp.
Thermonectes sp.
Undetermined spp.

Hydrophilidae(7) (water scavenger
beetles)"
Berosus Spp.
Laccobius -sp.
Tropisternus sp.

‘ Undetermined spp.
~ Psephenidae(l) (water pennies)

Psephenus sp. X - . S
Dryop1daeili ' ; S

'
>xXx
'

X X F X X

LN - - |
L S o
L

I <1 1
X t >
K >

-3 I I |

Helichus sp. : X X - -
Helodidae(1) o
Undetermined sp. - X - -

- Elmidae(2) (riffle beetles) 3
D _ Undetermined spp. X X - . -
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Taxa

Typical Habitats

Méin- . Side - . . Rain
stream- Canyons Tinajas Pools

DIPTERA

B]ephér1EEFTHEETI) (net wvnged];
midges)
Blepharicera(?) sp.

Tipulidae(2) (crane f11es)

Undetermined sp.

~Undetermined- sprm__m_méimmWﬁm”,;wawhdm”

|

]

I

e ‘;.
1

>
>-<><
¥
1

TCulicidae(d)

Aedes sp.
Culex sp.

| Anopheles sp. R
Psychodidae(1) (moth f11es)

Pericoma(?) sp

Ceratopogon1dae(4) (b1t1ng mldges)

Forcipomyia(?) s
Probezzia sp.
Undetermined spp.
Simuliidae(2) (black flies) :
Simulium sp.
Undetermined sp.
Chironomidae(13) (chironomid
midges)
Tanypodini spp.
Pentaneurini spp.
Orthocladiinae.spp.
Chironominae spp.
Tanytarsini spp.
Dixidae(l) (dixid m1dges)
Dixa sp.
Stratiomyidae(2) (sold?er flies)
Undetermined spp.
Tabanidae(3) (horse flies)
SiTvius(?) sp.
Tabanus spp. .
Dolichopodidae(l)
Undetermined sp.
Empididae(1) (dance f11es)
Undetermined sp.
Ephydridae(1) (shore and brine
flies) .
Undetermined  sp.
Scatophagidae(1) (=Anthomyidae in
part; dung flies)
Undetermined sp.

e 11
i e 3¢
< <

K PEH T > >
o

>
[}

> ¢

1> 3
1 51 >
X o1x X

>, ><><>§>-<><
x®
'
1

> > > =
'
1
]
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Taxa

Main-

stream -

Typical Habitats

Side
Canyons

T1najas

Rain
Pools .

Muscidae(2) (=Anthomyiidae, in

CRUSTACEA

part; house f1ies)
Undetermined sp.
Undetermined sp. - .

Copepoda ~
E _Unde;ermined fami]ies(z)

““Undetermined spp.
Cladocera

Undetermined fam111es(3) LI

E Undetermined sep
Ostracoda
Cypridae(l)
-Cypris sp. '
Undetermined fam111es(2)

. .Undetermined. spp.
Conchostraca : ‘
Undetermined fam111es(2)
Undetermined spp.-

. Apnacostraca
Streptocephalidae(2) (fairy
shrimps)
Streptocephalus sp.
Thamnocephalus sp.-
p1dae(1) (tadpole-shrimps)
Apus longicaudatus L.

- ACARINA

Hydracarina
Undetermined fam11y(1)
Undetermined sp.
ANNELIDA
01igochaeta
Undetermined families(3)
Undetermined spp.
- Hirudjnea .
" Undetermined families(l)
Undetermined sp.
NEMATODA
Undetermined families(l)
Undetermined sp.
TURBELLARIA o
Planariidae(l)
Undetermined sp.



.' " Table VI-5. Continued.

SRP11138

Taxa

Main-
stream

Typical Habitats

Side S Rain
Canyons Tinajas - Pools

. GORDIODEA....
Undetermined fam11y(1)
' _ Undetermined sp. -
HYDROZOA
- Hydridae(1)
Hydra(?)

| SSn i MOLLUSCATE e oy R

Gastropoda
Physidae(l)
: Physa sp.
- Spaeriidae(l)}
Pisidium sp.
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B where D1 is number -or 02 is. mg/m s N is number . of organisms or W.is’ mg/unitx ."_-'
t1me.(T), NF s net- face area (m Y, V¥ is water velocity (m/s), and CF is the -

convers1on-factor derived from current meter readings.

3, Results

The 1nvertebrate fauna of. the Arava1pa Creek system is rich and diversi-

fied both in*numbers of\taxa (TabTe VI1-5) and 1in numbers of ind1v1duals.-'--

. Bruns aﬁu M'im.k1ey (1080) recorded 63 taxa.of invertebrates, “of _which’ 56’ were

" . insects, and a total of 133 (109 1nsects) now are known from the drainage.

© v

"E?§§ (1980) s1m11ar1y recorded 99 taxa of aquatic 1nsects from ‘the Sycamore i

Creek watershed;’ central: Arizona..  Ffor - further compar1son, Bane and L1nd L

(1978) obtained 115 total 1nvertebrates, most .of which were 1nsects, from
' M."_nTormHo -Creek, Texas, in the Ch1huahuan Desert... -Piceance Creek, Colorado o
. (Gréat Basin Desert), supported 83 1nvertebrate taxa, of which 69 were insects
.- (Gray and Ward 19?9);" Other. studies in the. Southwest (M1nck1ey 1979b)
.genera11y included identifications on]y'to;fam11y (or higher categony, Table
VI-6). | | o
a; Benthic organ1sms. Add1t1ona1 samp11ng in Aravaipa Creek conf1rms .
patterns described by Bruns (1877) and Bruns and Minckley (1980) that inverte-
brates are most sbundant near the headwaters, -and that 1owest numbers and
biomass are within the canyon segment of the stream (F1g. VI- 4) ~Numbers of:
an1ma]s generally ranged between 1.0 and 2.0 x 10 /m and between 10 ‘and 20
g/m wet weight (Figs. VI 5 - VI-6). Average number of taxa per sample rarely .
exceeded 20 (Fig. VI—7). A station at the origin of the system was excep—
5 .

tional, with numbers‘of organisms ranging to more than 2.5 x 107 individuals

at a maximum., This was attributable to relatively high standing crops of
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in.Aravaipa Creek, Graham and Pinal countles, Arizona, 1975~
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and Minckley 1980). '

Figure VI=h,
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°  filamentous algae and detrital materials, both of which enhance inver.;ebrate
ponu1ations, and a coarse sand subStrate that supoorted a large 1nterstjtia1
(hyporhe1c) fauna (Bruns and Minckley 1980) . | |

Benthic 1nvertebrates varied W1de1y in abundance in Aravaipa Creek but a

-------- genera1epattern existed..of- gneatenwnumbenswofemndlwodualssandmiaxamand”greater.,:.m;ms,

.b1omass.1n later winter and spring, followed by & decline during*summerjra%ns'm'

" and fiooding. “In 1977, small spates in January and February : {Fig. VIM1).Q;;

. ;;m::;epparent1y suppressed popU|et1ons, anumoncet of seuere-andmsusteTneu f?oodtﬁ ;M;M;:;e
" in Ju]y progressive1y forced the fauna 1ower. Benth1c 1nvertebrates were -
markedIy reduced in numbers and b1omass in winter 1977-78 compared to earlier -
periods, and remained so the following spring (Figs. V-5 - VI 7; Table VI- 7) ;
Responses of the invertebrate fauna ‘to f1ood1ng are.further examined in
' Figures VI-8 and VI 8. Numbers 1mmed1ate'ly following a. spate were: of’ten fewer
than 50/m , yet means for the per1od 0 to 15 days fo11ow1ng a flooding event
averaged near 4, 000 within the cdnyon and below. Some fToods recorded at ‘the
downstream gage or1ginated in side canyons,'so data for the upper stations
inciude some samples in which numbers were not 1nf1uenced ‘at all by high water
(some are excluded in Fig. VI-8; see legend), and about 8, 000 1nd1viduals were '
present per ‘square meter in the upper area. Biomass after f1ood1ng was re-
. duced to less than 2.0 g/m in all stream- sect1ons (again exc1uding some
upstream samples), and numbers of taxa were similarly affected, -In the per1od L
16 to 45 days after floooing, most parameters increased, with some lag within
‘the canyon, and relative stability'was achieved by 46 tou90-days after dis+
ruption. | |
br1fting inverfebrates. Downstream drift of‘ aquatio. insects was

b,
’ recogm'zed by Denham (1938) as a basic pattern of their ecology, a way. for




SRP11162

147

. ) g0C

== 5;?0 64\ -/|\
3
N

: 1

A
é?C I | |
E i

5'9 1 HI ™

i

o-

< 204

v

<

= 16

L. 1 30

o 13 |
Lo ‘|j"

L 10~ i

m -

z o

5 - |

O ) e et - S — ‘ IS
<15 16-45 46-90 K = 90

DAYS AFTER FLOOD

Figure VI-8.

Relationships of biomass and numbers of taxa 'in samples of .°

benthic invertebrates relative to time after. flooding  in

Aravaipa  Creek, Graham and Pinal counties, Arizona: . symbols as" '~
in Figure VI-2, S



SRP1#b3

/M2

: NUMBE ri'S (Xj Q_4)
‘ ¥

o Figure VI-9. .
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D ~species to colonize an entire reach of stream from upstream peints of 0‘”__,
position. Since that time, quantificatfon of drift as an adjunct to bottom
sampling has increased .in importance (Waters 1972), Field collections of
drifting meterials were made in conjunction with studies of foods and feeding

interrelations of fishes in the system (Schreiber 1978} over 5, .2-day inter-

vals: 9-10 January 1975; 18-19 April; 11-12 July; 24-25 October; and 30-31 -

January 1976.

and drift samples (compare Tables VI-7 and VI-8), Mayfly genera of the family

Baet‘fdae (Baetis, Callibaetis, and Centroptilium) comprised most b1omass of

ephemeropteran nymphs, and were dominant in numbers., Tr1coryth1d nymphS"

(Tricorythodes) and Leptophlebiidae (Choroterpes and Leptohypes) were far less

. abundant than ‘baetids, but were equally as frequent in.occurrence. Hepta=.. " .. -

geniid- (Rithrogena}. and ephemereThd (Ephemerella) nymphs were-- abundant—.

ottt et

seasonally (winter—spmng) in- benthos samples, .and -were' present fin.drift.

during the same periods.

Larvae and pupae of the dipteran families- Chironémidae and SimuTT"fd”a’e

were present in ail perwds, both  in drift and benthic samp1es, were re1a-

‘ twve1y important in terms of bfomass, and were often present .in-large.numbers

(Tables VI-8), - Chironomid adults were in all drift samples, .forming signiﬁ-"

cant proportions of total biomass. - Simuliid adults were. uncommon, ‘but were

taken in. drift in 4 of 5 sampling periods.

Water mites (Acarina) were in all benthic and drift samples, but numbers = -

and weights comprised a minfscule percentage of totals.  ~Micrecrustaceans,

especially cyprid ostracods, also were consistent in occurrerce, but of minor

’ consequence in weight,

LI TOnTy o a- few invertebrate taxaTwers: consistently: present--in=hoth:benthoS .
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Trichopteran larvae of the genera szregszche and Cheumatopsyche were

scarce early in the study, but became more fimportant later as 'a major

component of biomass in benthic samples and relatively common taxa in drift.
Glossesomatid trichopterans followed a similar trend. High biomass estimates

for trichopterans, especia11y hydropsychids, typically resulted from presence

of a few large individuals, rather than dense populations.

A 1arge number of other animals were recorded in drift samp1es, some 1n

”~sma11 -pumbers- or- only occas sionally,.. and others seasona11y.d Espec1a11y sea-',fggf“

sona? in abundance was the plecopteran Capnia frisoni, which was taken only in

colder periods, and turbe11arians-that zppeared in summer samples in benthos,

but did not enter drift (Tables VI-7 - VI-8).

In paired samples of benthos and drift from Aravaipa Creek, 36 items were

in the benthos. Twenty-six (72.2%) of these were.nymphs, larvae, ‘pupae, and

non-emerging adults of aguatic fnsects, 7 (19.4%) were other aquatic inverte-

brates, and 3'(8.3%)Awere non-animal categories. (algae, diatoms, ahd detri--

tus). Drift"sempjinggeaughfeitems of 66 categoriee,‘of which 27 (49.1%) were. . = .~

3

~aquatic insects..(nymphs, .lacyae,...pupae,..and. non-emerging ‘adults), §-(9.1%)"

were emergent aduits of aquatic taxa, 7 (12.7%) were other aquatic inverte- °
brates, and 13 (23.6%),were‘invertebrates'of‘terrestria1 origin,- ThrEen(S;S%)

were the non-animal components deéfined above.
4. Discussion

The dramatic influence of flooding on Aravaipa creek was equally -as -
evident in-aquatic.invertebrates as it wa§‘w1th other features., . Losses in-a- .
given flood ranged to near 99% of numbers of animals, yet recolonization was -

so rapid that within a few days substantial populations were' again present.
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Gray (1980) recorded an average of 86% loss in total numberé and 81% in.
"biomass in creeks of the Sycamore Creek Waters‘hed, finding that f'lood:
intensity (rate of increase in discharge). was equally as important as flood
magnitude (as measured by peak discharge) in causing reductions in the' fauna.

Thus smaller summer spates were as destructive as. larger, more _sustained;. .

winter floods. ~Recovery time depended upo'n frequency of previous fi'oodir_ig in -

_Sycamore Creek. After a single peak, density and biomass achieved pre-flood -

reco-#é‘ry, on the order of 5 to 7 weeks. -
Sampling in Aravaipa Creek was not frequent enough to critically assess
these jfa.c:"ccrs;, but relations of flood-frequency to time of recovery (Fig's.'

VI-5 - VI-7) resembled those desciibed and recovery after floods was almost

’ equaﬂy"as rapid (Figs, V1-8 - VI-9). Mechanisms whereby su-.c.'h faunas avoid

destruction..were clarified by Gray (1980), who demonstrated amazingly .short -~
;cje_ner'atie-n times for many aquatic insect taxa in Sycamore Creek. Many species =

in that system r-eproduc?d continuously ‘t‘hroUghou{: ‘the year and fulfilled their

Tife cycles~in-less than 14 days, st that probability of all individuals being

influenced by a given flood was negligible. . Included. were Baetis' quilleri,-

Leptohypes packeri, ~ * Tricorythodes dimorphus, ""'and "~ Callibaetis montanus

(Ephemeroptera)“, diverse Chi’ronomidﬁe-," and Probezzia sp. (Ceratopogonidae). - -

The corixid Hemipteran Graptocorixa serrulata fulfilled its life cycle in 21

o dlays. Most of these genera are also present in Aravaipa Creek (Table VI-§).

These insects therefore circumvent the problem of fldoding by having -

ddults. present at all -times, and ovfposition 1n receding -flood waters can
‘result. in mature larvie in as Tittle as two weeks. Thus,' under a “"normal®

Bﬁegfmeof discharge 1n Aravaipa Creek, represented best by 1975 and '197_6 (Fig.

. levels within 14 days. - Repeated flooding .resulted in. longer-perieds—for . ‘oo
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Vi-1), Qith 1ate'w1nter flooding, spring drought, summer spates; then autumn
' droUght, deeression of the fauna would be expected.only when<f1ood peaks were
relatively close order, i.e. during summer rains. This was well represented
in the data'(Figs. VIi-5 - VI-6). w1th sustained floeding, the'strategy would -

be less effect1ve, and populat1ons would be expected to progressiveTy decline,’

_as occurred 1in 1977-78,

Dec11ne in the benthfc fauna also involves faunal change and dep1et10nf'

".iTL(TabTe V{:Zl _late in the study” esseﬂt1a11y all but baetid. mayf11es, plee;hm;}};w~

copterans, and a few chironomid dipteran lTarvae were absent. .Trichopteran
larvae were essentially gone after July 1977, and co1eopterans, hem1pterans,

and odonates, were rare. These last groups incTude those 1dent1f1ed by Gray '

as lacking short 1ife cycles .in the Sycamere Creek drainage, and he a1so -

demonstrated their extirpatioh after a period of sustained flood. -Their slow

recovery in Sycamore Creek was attributed. to migration..from.the. adJacent

perenn1a1 Verde River. -

Quantitative data for tributaries are *ékailable only for ‘the d?moste
perennial - Turkey Creek (Tab1e VI -9); but- qua11tat1ve observations on - ether"

p1aces perta1n to reco]on1zation of the mainstream of Arava1pa Creek and merit -

discussion if for no other reasen than to stumu1ate other 1nvest1gat1ons. In. -

"normal" years, most. tr1butar1es to. Aravaipa Creek are dry, or at best 1nter-.-
mittent, with water reta1ned on]y in rock pools (tinaaas)._ Even Turkey Creek
dries to intermittent pools connected by short-f]owingreachesiormefntained“
by underf10w within sediments. The insect fauna of such habitats,coﬁsists of -
odonate niaids (Libellulidae and Coenagrionidae); dytiscid -beetles of the

genera Deronectes, Laccophilus, the hydrophilid: Tropistérnus, ' and other :

numerous hemipterans {Abedus, Notonecta,. Buenoca, ~and water striders -




Table VI-9,
Graham County,

Arizona,

in different seasons,

1976-78;

Average densities of benthic invertebrates in TubREY MGheek .

summer data precede
spates in'each instance. Number of samples are in parenthesis.

Winter.

" Physa sp.

' - : Winter T
Taxa Summer 1976  1976-77 Summer 1977 1978
EPHEMEROPTERA - ‘ ' ‘
Baetis spp. 4 1755 -—- 190
Choroterpes sp. - 36 43 24 - -
Ephemerella sp.: : ——— 6 -—— -
e e ITCORYThOdES - SPP. - - - - . 288 . ——— 11
PLECOPTERA _ . S
Capnia frisoni ——- 26 e 151
____Hydropsychidee . . . .7 .22 == 19 i
. Hy_a_r 0 pt 'i _l 1 d ae i e :'... G T '.4.3:‘.‘".‘"".". = -'-T.:"- B e R ‘:‘7‘.317#3 ..:.—., e R
Limnephilidae e ——- - 76 . - 7.
- ‘Chironomidae , o 560 1007 794 132
Simuliidae -—- 646 - ——- 11
Ceratopogonidae - 81 —- 11
Stratiomyidae 4 _—— em- ——
Ephydridae - ——— 22 -——— 6.
HEMIRTERA L o ‘ c
Graptocorixa sp. 25 . 11 64 1
Abedus sp. 4 - -3 ———
Ambrysus sp. 4 -——- 3 e-
Veliidae - 2 6 ——— ———
Gerridae 4 --- 9 ---
Pleidae 7 . 1 _———
Notonectidae 7 o= 9 ———-
Gelastocoridae 4 ——- 9 ——-
COLEOPTERA . o
Hydrophilidae 11 5 19 ———
Dytiscidae 441 54 364 20
Dryopidae 18 —— 9 P
Elmidae 4 32 - 2 64
Haliplidae - 201 ——— —— ———
ODONATA
Libellulidae .29 .- 17 ——
Gomphidae - 16 7 1
Coenagrionidae 7 ——— 19 ——
01igochaeta . ‘
Undetermined spp. 47 54 91 17
TURBELLARIA
- Planariidae 14 - 9 ———
GASTROPODA
20 -—- 32 ~~—
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D-. . Gerridae, Veliidae, and Pleidae), omnipresent chironomid dipterans, and rare1y" |
baetid mayf]ieea Filter feeders: are hydropsychid trichOpterans'and.simu1f1d o
dipterans are absent, as-are. other current-loving forms as riffle beetles

(Elmidae). Insects occurring there also often inhabit sha'How, temporary

ponds resu'lting from rainfall accumu1at1on, and are_rarely abundant in flowing ..

systems. even when present. In winter, when permanent flow 15 pr‘esent for a

“few. weeks .or months, tr1chopterans, various. mayfhes, plecopterans, d1verse

dipterans,-and _other groups charactemstlc of“the-ma']nstream_o_{fara_vaiﬁ,a_ Cceek___ e

) coIo.n'Ize these waterways. In wet years, such as 1978, the fauna.of normaliy-
ephemeral. canyons changes to r'esen.ab‘le that of the mainstream in "normal" |,

“'; . years, and.temporary pond animals are absent. Thus, scour 1n:the channel may
extirpate species locally, but they colonize refug1a in side canyons and from :

. . - there re-invade when condztwns in the master stream become more amenable. - As
side canyons cease toflow temporary ponds in the surroundings also dry,
forcing movement of that fauna back to tinaja habitats, and a cycle is again
comp1ete. | |

It is obvious that seasonal abundance of most individual taxa 1n Aravaipa

Creek reflect the overr1d1‘ng force of summer flooding (Fig. VI-10)}. This is
espec1a11y evident {n most substrate-surface dwellers as mayflies and certo-
pogonid dipterans, and interstices- or burrow—dwe]]ers such as chironomids,
_011gochaetes, and water mites (Acri). The former .are free 1iving, thus'
directly exposed to spates and the latter are subject to decimation as
substrates are mobilized and scour proceeds. Riffle beetles (E'lm'idae)' must .
have specializations that. allows persistence through floods, but thﬁe mechanism

is unknown. That animal shoeed no evidence of depletion with flooding (Fig.

B VI-10). The pleccpteran Capnia frisoni occurred only in winter, and was




SRP111¥38

| . T .
1 Winter Acantec anc i i Filter Feecers
~ "7 SucstrateSurface A {\ .
] Jwe''ers . O RN =
.i\ A ST
. ) / !
\\,\ - T | ./ simulilae A .
DN 1 S Ceratopogonicae. L. / By
u-"'._'. L& ) W B
] = imicae /:‘/ ‘ - -
= Ca )y : . ' ¢
1 - \_,\ /C'\\ / ! Hydropsych. dae o
1 . P AT _-"_ o . F": f" - Cn P . E.
/ '\/\/ \\.-'\ / |
. i o g W ‘}1. - .."‘.:f:;?f”’g-ap——-—'ﬂ'i‘a' i' V e v - —
s i
. : \o.;_._'fébsent-— —J
2 " —_— - - ™ n g
> -Epemeropter‘,ahs' Interstices- or Burrow-
M : )
S 107 o § \‘/\ Dwellers //}_
z ] Lo $=——=<_ ‘Chironomidag//" }
. A N !
a CE \ L qj 5 -
2 10 , ! Cligochaeta . N
' 'Choroterge_g\ i
. \-
A~ P
o1 —rigery, |
1I o H 1 O] - T - - I ; ] 1 AL L
JETOOMA M-I..I A S0 D wF VA My A SO ND
Figure VI1-10, Abundance of selected aquatic invertebrates in Aravaipa Creek,
Graham and Pinal counties, Arizona, 1975-78, computed as means
of samples in two-month periods; see text for further explana-
tion and discussion.
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B' | almost as. abundant during flooding of 19-7‘7.-78 as it was. in .preceding years |
(Table VI-7). The species also occupied tributaries in coofer seasons (Table

.V1-8), and may have quickly spread into the mainstream fromfsuch’refugia after
floed, thus. producing the apparent resistance to scour.. Numerous Capnia

species are known to persist through warmer periods as nymph§ jn”qjap§use

(Hynes .1976). Gray (1980) postulated that C. arizonensis in Sycamore Creek

- did. -50--as- -dn'r-a-p_au,s.i_ng eggs, and this _also seems Jj,ke],y‘ 1n Q_;..;fi"ibsoni in

“*“‘*%rmm{reek——Hew—andﬁwhere*these%ee gs—survive-scour of summer flooding. is S

' an-intrfguing question.

_.Filter-feeding invertebrates, especially simuliid dipteréns, - seem

-
<l

-‘- enhanéedaby summer_fIOOding. Hydropsychid trichopterans éreufaﬁ.less flood

resistant, yét declines in their average- abundance over thé period 1976-78

- . were far less than in other groups.: . Perhaps the high -input of-.détritaI

. material with spafes (Fig, VI-4) provides an abundant food su.pp'ly that is

exploited by these animals and reflected in_pobu]ation increases or'af Teast
maintenance at relatively high levels. o

As is' obvious ffom data presenfed,_-variance in samples 'from‘ubenthic

communities is notoriously high (see also Needham and Usinger_iQSG ahd Elliott

1971), - presumably as a resu1£ of heterbgeneity of stfeam'habitafs_joined with

diversified life histories and behavior of faunal cbnstityent5}  Drift of

- certain organisms (i.e. baetid mayflies) has, however, Egen demohstréted to be. -

consistent and predictable, and proposed as another measure of fﬁbertebfate

popu?étions in streams, pessibly more sensitive than difect éémp1ing of

benthos (Waters 1965, 1972), Mixing action of turbulence tends to suppfess

affects of heterogeneity.
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Relationship between drift and standing crop of benthos at-a gioen place

is only a genefa] one,.especially if habitats upstream.vary significantly from
that -at the 'pdint . of sampling. Waters (1965) estimated on the basis of block- ..
ing a stream that organisms drifting at a given place originated oo more than

: 50 to 60 m upstream,. Comparisons of standing crops of benthos and drift at -

the Arava1pa Creek, stat1on was justified by s1m11ar1ty of habitats throughout

the study reach and by Jack of stat1st1ca1 d1fferences in numbers _and btomass",zﬂu

at the station .and another s1te 1mmed1ate1x,abovenjsee_ﬂrungnlgthaﬂd.Bruggwwoﬁa

and M1nck19y 1980) In add1t1on, samp11ng of drift and benthos were a?ways
'taken about midway - in a 60~m-10ng,‘ un;form r1ff1e,' so that comparative
1ntegr1ty of data was ma1nta1ned . '
Invertebrates common to both drift and benthos included all imoortant
° “-c.ategor,ies discussed before. S1ightly more than 65% of dr'ift (excluding
non-animal components) oas derived from benthos, and this rose to 75% when .
emerged adults of aquatio insects were incTudeo.t Three of four items in drift
of Aravaipa Creek were therefore autochthonous to the'System.' 0f 32 benthic
‘taxa recorded (again excluding ‘thé non-animal items), 23 (71, 4%)tldffftod ,
Groups of benthic animals absent from drift included Libe11u11dae (dragon
| f11es), Taban1dae (horse f]wes) Muscidae (house flies), Rhagove]iidae {water
str1ders), Helicopsychidae and L1mn1ph111dae (caddis flies), Corydalidae
(hejlgrammftes) Hirudinea (Teeches), and turbellarians (f1atworms) Absence'
of all but the last from drift may genera11y be attributed to their rar1ty.'
Turbellarians appear to resist dr1ft1ng in Aravaipa Creek. | _
of organisms.dtifting, only baetid and tricorythid mayflies and chiro-
nomid dipteran larvae. and pupae were present in all Samp]es on all sampling

g ~ dates. Numbers of those animals per cubic meter of water correlated roughly
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. standing crop and biomass/M~ in benthos.
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- wWith numerical standing crops estimated by benthic sampling in the same. ., -

‘periods, but no such relationships .existed between their weights in drift-and
) .

.. those in benthos (Fig., YI-lla-c; r® < 0,5), SjmiTar'comparfsons of drift and .

benthic standing crops at the'community Tevel - showed no suthrre1ationships

coe ©'D. Native Fishes

1. Introduction

Fishes have been studied far more than any other group in Aravaipa Creek.

Barber and Minckley (1966) first detailed the fauna, followed by a report on.

- the biology of spikedaée‘(Méda'fu]éida) in the sfreém’(Bafber et al. 1970) and-

" “notes on longfin dace (Agosia chrysogaster) (Minckley and Barber-1971)., Gen-

““eral information on fishes in the systpm was bub]iéhed by Miﬁck]éy (19735) and

‘Déacon .and Minckley ' (1974). ~ Schreiber (1978) reported on 'feeding‘ inter-

‘relationships, and Siebert (1980) studied movements of larger, long-1ived

©'species. Copies of the last two works are included herein as appendices E and -

F. Other information on the iChthyofauna'hasdappeared fn_procesSe& rebbrts_

‘resulting from periodic surveys (Minckley 1972, 1973b; Schreiber 19?5).}:

2. Distributional and Taxcnomic No;gg

A1l seven native fishes now occupying Aravaipa Creek were formeriy.mqre'
~widespread and abundant. in the Gila River system than they are today. All

have suffered reductions in Eange, especially at Tower elevations, as a result

of water developments, desicéation, and jnteractions with introduced forms.

The two suckers, - Sonoran sucker (Catostomus insignis) and desert

mountain-sucker {Pantosteus clarki} remain relatively abundant ' and wide
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- ranging. Both occur from the canal systems of the Phoenix Metropolitan Area

upstream in the Salt, Verde, and Gila drainages to maximum elevations of ca.

1,900 m (rarely to 2,000 m). Both species also are present in-the upper parts

of the Bill Wi1]1ams River basin.

Catostomus 1ns1qn1s s 1nt1mate1y re]ated to Catottomus benardini of the ‘ 

R1o Yaqui system, southeastern Arizona and northern Sonora, Mex1co (Hendrick-

- osom et a1 1981), and the two may represent well-marked subspec1es of the same.

T taxohs Sm.th (15b5) cons1derEG MOUﬂLa1n =uckera -of. the-¥ .fginmand Pluviai.aJme

wh1te r1vers " as ‘conspec1f1c with P. clarki, and synonymized the- genus

TR o

Pantosteus as -a subgenus of Catostomus. M1nckTey (1973) and S1ebert and

Minckley (1981) disagreed w1th the synonymization and retained Pantosteus as

valid; mountﬁin;suckers of the Virgin and White rivers have yet to be

restudied.

. Sonoran suckers are 1nhabitants of pools, seek1ng cover beneath undercut

banks, near boulders, or in stream-drifted debris during the day, but moving

- to shallows.and rare?y to riffles to feed at n1ght. Desert mounta1n suckersﬁ

also inhabit pools when large, but are far more frequent in current on riffTes
and rapids when young, Adults typically move into sw1fter water to feed.

. Aravaipa Creek is about és small a stream as will support 1arge popu1at1ons of

these two fishes. Both tend- to be mcre abundant in Targer creeks and smaller

rivers,  and neither persists in Ar1zona impoundments for more than a few.

years.

Longfin dace, one c¢f the few fishes adapted for 1ife in small, hot,'1ow--‘

desert streams in the American Scuthwest (Minckley and Barber 1971), ranges

from at least the Rio Fuerte Basin, Sinaloa, Mexico, northward to the Bill .

Williams River drainage of Arizona (Minckley 1980). In the Gila River system
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_‘1ts a]titudiné1'range resembles that .of the suckers just discussed, but in New -~

Meéxico it -has been -taken- at elevations of almost 2,300 m, and in- coastal .
rivers of_Mexico the species occurs near sea level (Hendrickson et al. 1981)."

Longfin dace swim. actively: over .moving sand bottoms in runs of desert streams,

1u¢buteas*Ja:geeedultsmiendﬁtommoveeJHtuwdeepenwplacesmelongwbaﬂksm The fish—mmnm-

- rarely occurs.in swift water, -but conversely seems to avoid cpnditxans where

Ccurrents are totally absent. - i U T o Tina

..of its range in Aravaipa Creek It former1y occurred as 10w as La, 350 m in

—Speckled--dace={Rhinichthys-os¢ ﬁ1u59~w¢a ------ near-—the-

A

' large streams such as the Salt River -at Tempe,. but .now 1is genera11y above_

1,400 m, and;reaches~1ts greatest. abundance higher than 1,800‘m. Rhinichthx; -
osculus  1s.. the most ‘widespread species of fish in Western North America,

ranging westeof.the Rocky Mountains frohuQregOn'south to the GiTa River basin,

- and occupying -many isolated drainagee.within\the Great Basin deserts (Hubbs

and Miller 1948, Hubbs et al. 1974)., As might be expected from this vast
geographic.range that results in pronounced isolation of numerous populations,

a myriad of morphological forms has evolved. . The form in Araﬁeiba Creek

represents the nominal subspecies, R. 0. osculus, and as such is one of only a

few remaining populations of that taxon. Remnant populations occur elsewhere

only in Cave Creek, Chiricahua Mountains, and Sonoita Creek, near Patagonia,

Santa Cruz County. Popdlations formerly 1in Babacomari Creek (the type-

Tccality), San Pedro River, and upper Santa Cruz River, now are fgone.

Speckled dace resembles lcngfin dace in its habitat requirements, but tends to

live in swifter wster over gravelly substrates. Large adults often are in

swifter water over gravelly substrates. Large adu1ts often are in deeper runs

and flowing parts of pools, and typically associated with cover.

“Tower-altitudinalHmit——
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- The : 1oach nnnnow, Tiaroga cobltis, is endemi¢ to ‘the Gila River ba51n.‘

- This sma11 species persists as a re]at1ve1y large population in Arizona onTy

in Aravaipa Creek. 1It.was recently taken {(1978) from the Blue River. system by

-Arizona Game and Fish Department_personne], but' has not otherw1se been - re-

Jmcbhdedwsineewthe»late-19605mfromielsewhereﬁinwthe~state:w“PopUJations persisty -

however, . 1n the upper Gila.River drainage in New Mexico - (Paul Turner; New

~ Mexico. State Un1vers1ty, persona1 commun1cat1on) Loach -minnows - 1ive on -

. filamentous algae such as. C]adophora ‘glomerata.

Meda fu1g1da, the spikedace, . is the second G11a River endemic that

joccupies AraVaipa Creek.-7As with‘the loach minnow, this species ‘has become

rarer in Arizona in the past few yearé, with confirmed populations occurring

only in Aravaipa and in the Verde River, Yavapai County, .near the inflow of

~-shallows gruvei/rubbTE -bottomed- f1ff1es typ1ta11y i assocﬁationmwiih—beds-ofm“«:

Sycamore. Creekf-(C;  0. Minckley collection, ~1980). The species formerly =

occurred from Tempe, Arizona, upstream throughout the Gila R1yer basin to an
elevation of ca. 1,800 m. This. species occupieé flowing pools, and generally
is in water Tess than a meter deep over:sand ~gravel, or'mud bottoms. Con-
centrations often are encountered at the downstream ends of riffles or in
eddies near the upper ends of pools. Large groups are occasionél1y in

relatively -shallow water over gravel bottoms where currents are laminar in

nature; turbulent areas seem generally avoided.-

Roundtail chub, Gila robusta, is the largest minnow in Aravaipa Creek,

ranging to a maximum of 28.5 cm total length., This fish shares a high degree
of morphological variability with speckled dace. The population in Aravaipa

Creek was referred by Rinne (1976) to G. r. grahami, a form somewhat inter-

mediate between G. r. robusta and the Gila chub, G. intermedia. Roundtail
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~chub range from Sinaloa, Mexico, to the uppermost Colorado River basin. Gila -

_g.'urahami ;15 distributed in the uppermost Gila Rfver basin, mostly 1n3New
Mexico (where it is- becoming exceedingly rare; LaBounty'end Minck]ey 1972),

southwest to Aravaipa"Creek then north to tributaries of the Verde River.

' Popuiat1ons Sl the Tittie Co]orado R1ver a150mwere referred to G. T raha

(R1nne 1976), but the f1sh is not ‘now’ known to pers1st in that dra1nage, so no g

PRI

o

Roundtaii’™ chubs***are“character‘fstm of- pmﬂﬂs “fn- 'i1f1t:ermt=.'<:l*ia1:er to—’large

rstreams._'-The species’ is secretjve end.cToseTy associated with the largest,

most permanent, and deepest water in a -given reach of stream. One may often -

sample an extensive area finding no chubs; then suddenly discover a concenthafh

tion of the fish in such a special place. Chubs swim rapidiy from place to

place, -and move Tong d1stances (S1ebert 1980) Hhey are-knOWn-to'move into

reTat1ve1y swift chutes and eddies, presumab]y to feed.

- 3. ReTati#e Abundance

‘Figures for relative abundance of _fishes - are subjecf ‘tp 'cOneiderab1e

error., .

Collectors vary in'efficiency, and many samples from Arevajpa C}eek'

were made by beginning'students in fisheriee biology, a Iess-thahffofhidab1e

sampling crew even when under strict supervision. Sampling derces.ajso vary

" in characteristics and efficiency. Seines with- meshes larger than‘6.3 mh (bar

measure) will allow a large percentage of loach minnows and_epjkedade to bass
through,
81,3+11,4% as many fishes as was taken by eTettrofishiﬁg'in the same places
(range 62.0 - 93.8%),-but only 63.1+14.9% of biomass (range 37.5 - 71.1%).

Seines were least effective 1n'catch1ng larger fishes and benthic species such

Seining wifh various meshes in Aravaipa Creek in 1976-77'prodﬁced
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as mountain-sucker and ]oach minnow. Small and moderate-sized fishes and .-

species living in mid-water habitats were thus selected for. Cond1t1ons a!so
may vary, with swift currents and high turbidities in times of flood

1nh1b1t1ng eff1c1ency of any collecting efforts.

‘With these-facts in mind 1 constructed- Tab]e ¥1-10 and Figure VI- 12 from ©

records available in the following sources: -field notes of James R. S1mon for ,;

1943 and Robert R, Miller for 1950, both on file at the University of Mich1gan

' r-Museum of -Zoologyy” ~field- notes of E1ena - Arnotd- for"1963 o ffTe &t nrizona
State Un1vers1ty, recalculation’ ‘of data pub11shed by Barber and M1nck1ey
(1966), field notes of my own, W. E. Barber, and D. C. Niﬂ11ams, and c011ec-

.ttons at Arizona State Un1vers1ty for 1966- 1970' recaTcuTation of data 1n
processed reports to the Bureau of Land Management and Defenders of Wildlife
(Manck1ey 1972, 1973b, Schre1ber 1975) for 1972-74; personal field notes and
co11ect1ons for 1973-75 and 1979; and data from the present study for 1976-78.
Samples prior to 1974 were generally made by seines and after that year repre-
sent composites of se1n1ng and electrofishing collections. |

~-Patterns of abundance of f1shes within Aravaipa Creek are remarkab1y
cons1stent (Table VI-10, Fig. VI- 12). When direct comparisons are ava11ab1e,

1ongf1n dace are almost always most abundant downstream, below Aravaipa

Canyon, and least abundant within the canyon. Speck]ed dace averaged twice as

abundant above the canyon-as within it, and. rarely were present downstream,
and loach minnow aTso tended to be most commen in the uppermost segment.
Sonora sucker, desert mountain-sucker, roundtail chub, and spikedace all.
tended to be most abundant within the canyon segment, but on the average were
more .abundant upstream when compared with lowermost reaches. As s to be

detailed later, large fishes such as suckers and the chub move extensively in

.
1
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~ Aravaipa Creek (Siebert 1980), thus confusing the patterns of ‘abundance l:

depending upon season,

Majorlrvariations in discharge of Aravaipa Creek seemingly -has little

influence on. abundanée ibf- individual species. A spectacular increase in
" “sbundance of Tongfin dace at the upstream end commenced during a protracted
- period of low. flow following relatively high.waters in 1967-68, Tﬁis‘increase B

Continied through' higher Wsters of 1972-73, then a deciine occurred in the

perfod‘bf”drohght bétween‘}973‘anq119]al Speckled dace remained rare from

o1 966-66 through 1975;3then'increased‘spectacularTy in rélative_ébundance at -

‘the upstream stations and less so in the canyon segment., Meda fulgida appears

" to increase 1in relative numbers during or immediately after years of,highi
. water yield, roundtail chub. tends to-do the opposite, decreasing snght]y in
- relative abundance during each of the thnee'periéds of high discharges, Loach

minnow seems enhanced by Tow discharge, perhaps because of build-up offdehse '

algal beds during‘ sqcb periods and high production of its specfa1 foods.
Desert mountain-sucker has tended to become more important in the ngfaT!
fauna almost since the,beginniﬁg of records, with a tendéncylfbrﬁﬁécTines
after periods of high flooding perhaps being EeTated to yéar—clas§ Stréngth;

young of. that species may require low fTow‘and high algal biomass to Sﬁrvae

in large numbers. Sonoran sucker shows no obvious pattern of relative abun-

dance in the peried of record, other than appeéring'fo become more abundant

within the overall fauna..

To further examine significanté of relative abundance-changes, data for -

1976-78 were converted to Tog10 + 1 to normalize non-random distributions.
When treated in this manner (Table VI-11)}, there are no significant dif-

ferences in up- to downstream relative abundance of most species within the
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.Table VI=11. - Retative nimerical abundance (1og%g-+ l.of'perCentages + one .
h ]

standard érror of ‘the mean).of fishes above, withfr, and below Aravaipa Gorge,
. Aravaipa Creek, Graham and.Pinal counties, Arizona, 1976-78. . -

)

Taxa ‘ Above Within : ~ Below

“Agosia chrysogaster w1394+ 0,628 2:30h-% 0.386—-2,404. +. 0,622

2,155 + 0,2580 -, 1,722 * 0.608 1.004 + 0,019

* Rhinichthys osculus -

. 1.244 + 0,380 . 1.814 4.0,557 . 1,602 % 0,557 " K

Meda fulgida

)

o Gﬂarobusta*'“'

Tiaroga 'cobitis -

Pahtosteus'cTarki

Catostomus insignis

catostomid hybrid

- 1‘."14?;};-@.. 3.1,4___.

1,231 + 0,381 . 1.308 # 0,440

1.945 + 0,659 -
1,339 + 0.541
1.005 + 0,020 -

1. 302-+0-520-

'1.

"I

8 9C

o

2.322 + 0.443
1,837 % 0.261

1.031 -+ 0.123

N
i+
L=

{

1.019 + 0,070

| 2.416 + 0.299
1,687 + 0,610

1:015 + 0,066
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system (as indicated dy broad over1ap ‘of standard errors). Rhinichth!s

osculus . is s1gn1f1cant1y more abundant upstream than downstream, but such

relations 'do ‘not hold for other spec1es. The common f1shes, Tongfin dace and

over-rides trends if one adheres to

Other ‘measures. of’ re]at1ve abundance within.the system for.-the per1od of;. g

"‘mountain'sucker,'dbviousTy-are far more common than rarer species,; but often .

“het” s1gn1f1cant1y'so when standard errors are cons1dered. Variance therefore

a str1ct, statlst1ca1 interpretatton;

”'

4, .5t aﬂd in g Crops e

Lt

a. Methodology. Electrofishing was used to estfmate standing crops of

fishes in Aravaipa Creek. Equ1pment consisted of a 110~ voTt, 1200- watt,'

generator and hand held electrodes. Segments of stream were b1ocked up- and

" downstream by seines, and the reach was repeatedly electrofished until all

fishes were -removed. They were then counted and we1ghed and data were

converted to numbers-or weight per,mz.

numbers and biomass obtained in 6 to 10 "passes" through three separate stream '

Ninty-nine percent, or more, of total

segments was taken in the first three passes (Table VI-14), and thatdnumber

was used throughout the study. Larger fishes {roundtail chub;' hountain-

sucker, and Sonora sucker) were most susceptib1e'to“the e1ectrtca1sfie1d, and

small, bottom-dwelling f1shes (espeC1a11y 1pach minnow and young mounta1n-

suckers) were least effectively sampled. Only in the largest poo1s was the

electrofishing unit obviously ineffective, where deeper water and often_

turbidity hampered recovery of stunned animals..

b. Results. Mean numbers of fishes in various seasons and stream

_segments ranged from 0.13 to 5.99/m2,

about half of which were longfin dace
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' ‘Table VI-12; Fregquency of occurrence (%) of fishes above, within, and below
Aravaipa Gorge, Aravaipa Creek,. Graham and Pinal counties, Arizona, 1976-78.:..- .

Taxa Above  Within Beldw Over-all

" Agosia chrysogaster -1 93,3

100.0 . 94.4.  95.9

Rh1n1gh£hysoscu1us e 93. 3 R 68_8 R SRR

veda fulgida - . 40,0 8L.3 61,1 6l.2

T 'G'-i'""}—almr'ob'usfta R S 20 99H 6_8° 8_5{3'0 | 47'0

T-I e ETE s e T

e ecPaNtOSTOUS clarki. S 86T e 93.8 - 100.0 . 93.9
79.9

6.2

" Catostomus insignis 6747 193.8 77.7.

catostomid hybrids . 6.7 6.3 5.6

_gf. 0 T T L e
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Table VI-13. Percentage abundance of fish species in collections in which

and Pinal counties, Arizona, 1976-78.

‘they occurred above, within, and below Aravaipa Gorge, Aravaipa Creek, Graham

Taxa o ' " Above Within Below

‘ 0ver-a11

“Agosia chrysogaster

Rhinichthys osculus 27,7+ 22,3 17.8+ 19,6 . 1.2+

43+ 3.2 146125 12.7%

466+ 30,4 26,7+ 17.8 49,5 3 28.3
0.0

9.7

40.9 + 26.6
22,5 + 20,3

" Meda fulgida

|+

Tiaroga..c.ob“it.'l-s 3.0+ 2.7 6.0+ 8.4 3.8

et et et

I+

Pantosteus clarki 22,9+ 23,1 " 31.1 + 16.9 31.4

'Catostomus insignis. 7.9+ 8.6 12.2+ 6.7 13.8

B+

|+

catostomid hybrids 1.2+ 0.0 0.2+ 0.0 0.1

i+,

5.2

TEL6E B

4.9

17.7
18.8

0.0

4.3 + 5:3
28,9 + 19.0
11.7 + 9.8
0.5+ 0.6
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. . Table VI-14,.- Percentages of total numbers (above) andIWE_ights (below) of
.~ fishes taken "in. consecutive "passes" of electrofishing apparatus in -Aravaipa
Creek, Graham and Pinal counties, Arizona, based .upon sampling of three

separate stream.segments. . .

Species "Pass" Number

1 2 3 4 57 6-10 -
-'. ‘Agosia chryéogastér 90. 0 7.9 L7 0.1 + e=== '1 0.3
R L1 6.1 15 Treyy o o=emw 003
e — RETRTChthys osculus 8678 — 11,3 =nne 0.6 ceem . 1,3
S s - e NN - 1o S 25 L e e I
Meda fulgida _ 88,7 2.4 8,1 = ---- 0.8 -
. . 94,3 1.6 3.2 ecee 1,077 femm 7
" f

Gila robusta 100.0. === ee-- . m—a

: - ©7100.0 e=-- ———— feme mces ————

Tiaroga cobitis 53,8 30.8 7.7 IR X B

‘ ~ - 20.0 60,0 8,0 ———- 12,0 ———
. . Pantosteus clarki 91.0 6.6 1,7 0.3 0.3 0.1
B ~ 92.4 5,4 0.7 0.5 0.6 0.4

: Catostomus insignis 82.7 14.0 2.6 . 0.7 ——— o

93.8 2.6 3.0 , 0.6 ———- ——

Total numbers and 3,226 289 69 7 4 8

weights (gm) 10,768.8 453,0  233.1 55,9 28,6 . 21.4

Over-all ' g9.5 8.0 1.9 0.2 01 0.2

93.2- 3.9 1.9 0.5 0.2 0.2

Percentages.

TTr.. = Jess than 0,05
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o . (34.5 to 56.3%; Table VI-15), About 20% consisted of desert mountain-suckers
| (11.2 to 36.3%), 15% were speckled dace (4.5 to 30.9%), and the other species
- comprised iéss'thén'lo% eacﬁ; “Fishes‘Qéré most gbuﬁdant in summer aﬁﬁﬂautumn,’
reflecting recruitment-of young in spring. Fishes were marked1y legs abundant
~--within- Arava1pa Canyon-ih sspring-periods-than—at other times, but were rather

umform]_y d1stributed in summer and winter.

“COmb’ér‘i’S“on of '“popb]atio‘ns of 'fi'Sh'es in contrastmg summer and mnter'.».-.--_

:-_1;—:_--_-_;T_;_-_;-te---'-;;seasons (Tab?e VI 15) reveals: markmj d1fferenﬁe%m“specates“wmpe Jb‘?ﬂﬂ“'iﬂ"—-'*—"‘
various stream -segment—s. Longfm dace were absent or essent1a'|'ly S0 within _ o
‘the canyon segment in winter and spmng, but made up about 40% of a]] fishes _
in that area in summer and autumn. - Speckled dace were'concentrated upstréam '
im 'spr_'ing,?then :spread'dolwnstr:.ean;‘ into the canyon 1n ol"chér seasons, Thelchub. |

" and suckers tended to ‘concentrate in the canyon in summer and &ppeared to

disperse upstreém_fn summer.  Loach miﬁnow and spikedace were consfstent]y
rare, and few generaTizations- are obvious fropi their cbsolute oh relative
abundance, _ | |
Biomass of total fishes in Aravaipa Creek is spectacularly highiaf'$oﬁe
timgs.of year, and vary significantly in different ségments'bf‘the:Stream
(fabTe VI<16). Total weights were greater zbove and béTow the caﬁybﬁ thaﬁ
within it in spring, autumn, and winter,. but wéré far greater ‘withfn the
canydn than elsewhere in summer (Table VI—I?). This was a direct resu?t of"i
- movements of large f1shes,lpr1nc1pa11y suckers, into the canyon reach during
warmer summer months, and out of that reach when temperatures ameliorated.in '
winter (Siebert 1980).
"Few data are available oh standing cfops of fishes 1in Southwestern

' étreams. Clarkson (1980) reviewed a substantial amdunt of literature, alnd his
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biomass comparisons from various studies are contrasted with data from~
Aravaipa Creek in Tab]e ¥I1-18. Only data from hot-desert sites, Bonita Creek,
eastern Arizona (Clarkson 1980), Eagle Creek, eastern Arizona (Minckley and

Clarkson 1979), and Tecopa Bore, California’ (Naiman 1974) are comparable to

. ;t.hgé,t_a___ﬂ_‘_f..rzqm,_,Aray.ai'pa..‘Creek. Mean biomass in Ara.&aipa Cfeek, 14.4 to 21.0 glm2

depending vpon the'stream section (Table VI-17}, was less than half that

_ _regprded'finw”Bohita Creek (46.7 Ag/m?;. C]arksoh- 1980), but .1is nonetheless. .

_comparable to Naiman's..(1924) estimate .of an.annual-standing.cron.-of: -rpﬁp:féi;s:hés;:-:r‘- s

at 17.8 g/m2 (converted from ki]oca]brieé/mz); and higher than many of the
maxima reported from other streams (Table VI-IBj.I |

Numbers- of individua]s»ranged between 0.3 .and 50.8/m2 in Bonita Creek and
0.4 to ﬁ6.4/mz in Eagle Creek, agajn-quite similar to.the range of 0:6 to”
?16.9/m?, in_Aravaipa.lCreek.; Naiman .(19?4) _sepafated pupfish (ngfinodon

- nevadensis) that he studied into size éTasses, reporting juveniles at densi-

ties. of 0 to 47/m2,‘young adults as 8'to|148/m2, and Targe adults at 2 to

17 /m.

: 5.‘ Foods'and'Feeding

Schreiber (1978).detaifed foods énd feeding {nterré1ations of fisﬁes ih
Aravafpa'Creek and his report is included as Appendix E.. Food habits of the
seven native species of fishes were examined over a léemdnth period, Availa-’
biTity of fobds to the fishes was estimated by sampling benthic bbmhunitiés
and stream drift. Three trophic patterns were present: | herbivory by the
mountain-sucker; omhivory by longfin dace; and carnivory by the remaining five
species. Ephemeropteran nymphs were the predominant food of the carnivorous

fishes, and of the omnivore, and were the dominant invertebrate 1in both
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benthos and drift. When absolute densities and average individual body sizes - -

of mayfly nymphs decreased dramatically, three fish species each shifted to a
different alternate prey, and three others did not obviously respond. (One
species, G. robusta, was not studied quant1tat1ve1y ) -Fishes which responded

to aTternate prqy 1ncreased gpec1a1 feeding - behav1or and spat1a1 part1t10n1ng

of hab1tats.- Those "which d1d not respond remained as generalized. feeders.

Interspec1f1c 1nteractzons related to feeding habits are: probably m1n1ma1 anﬁf e

ipasrCreeks brcayse= ofthe-= shungantes -of=fopd- organtsms§nd=$pat

segregation of the fishes.

f : o
. 6. Movements and Movement Patterns

Fishes were more abundant and more biomass was present within the central

- gorge - of ‘Aravaipa Creek in summer than outside, and vice versa in winter’

(Section VI - 4). Thus movements were indicated. Siebert (1980; see Appendix

F) tagged about 2,100 roundtail chubs, desert mountain-suckers, and Sonora

suékers, and determined their movements to radiate seasonally from and toward
the central gorge. Dispersal was from the canyon in winter and toward it in
summer, the latter presumably in response to high water temperafures. Floods

had Tittle influence on movement patterns, and home ranges or territories were

not evident for most individuals studied,

7. Reproductive Notes

Specific data have not been published on reproduction and reproductive -

behavior of most Aravaiba Creek fishes, Barber et al. (1970) dealt with

spikedace and Minckley and Barber (1971) discussed reproduction by longfin

dace.
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a. Periodicity. Evidence for reproduction includes presence of breeding

coloration or other secondary sexual features such as nuptial tubercles

(espec1a11y in males), maturat1on of gonads, observations of spawn1ng activ1-’ -

ties, and finally; the presence of eggs and 1arvae. Data on such occurrences

in Arava1pa Creek were. gTeaned fron persona1 f1e1d notes and those of W, E.

~ Barber and D. C. w1111ams, p]us observat1ons of numerous personne] in 1975 79
(TabTe VI-19). Most spec1es assume. breed1ng colors in autumn and ear1y |

V w1ntnr, co1nc1dent with - beg1nn1ng of amturatTOn of ‘gonads. CoTorat1on and_fjiﬁgw

tubercu]at1on of males pers1sts throughout winter, and is 1ntens1f1ed with
onset of spawning act1v1t1es 1n spring and early summer.; Females of most
spec1es appear to develop ova to the yolked stage in autumn, then hold final
maturat1on until a few weeks pr1or to the spawntng act. Young fish appear 1n

winter (speckled dace, " mounta1n sucker) or spr1ng ear1y summer (all other

. species). 'Longfin dace spawns throughout the year, but most successfully in

spring: and early summer and ‘again in summer after cessation of summer ra1ns.
b. Habitat Se]ect1on. F1she5 in Aravaipa Creek se]ect re]at1ve1y stable
portions of the stream for. reproduct1on. Shifting sand and other mov1ng
substrates are obviously unsuitab1e_for deposition of ova. Most speCJes spawn
in moving water {Table VI—ZO), with even the two species that tend to deposit

eggs in pool habitat (roundtai] chub and longfin dace) seeking'areas where

~slow currents are present, Four species, Tongfin and speckled dace, Sonora

sucker, and desert mountain-sucker, place their_ova within the 'substrate.

Loach minnow attaches its adhesive eggs 'to the underside of cobble 1in a

defined nest. Spikedace and roundtail chub scatter their eggs'over clear

gravel bottoms.
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¢. ‘Spawning. Behavior.  Most fishes .1in Aravaépa' Creek display a
generalized cyprinoid - spawning. behaviors. Males aggregate in suitable areas
. and females move.tO"them'when ready to spawn. ‘A female. is. .joined by two or:
more males, whieh flank her and emit sperm as ova are re1eased,. Release of
gametes T isT ~generally” assocwated "With- a f]urry of “activity om the part’ of the

spawners, - and this may - serve to. bury eggs. within the substrate (suckers,

L .speckTed and 10ngf1n dace) Ma1es of roundta11 chub- aggregate and move about

PR ey

enhances  placement of eggs. The spawning-act of loach m1nnqw has not -been

recorded. ‘

E. Introduced Fisﬁes

Unlike most natural waters of Arizona, Aravaipa Creek has yet to suffer

from massive -introductions of non-native .fishes.- Four species, yellow

bullhead (Jctalurus natalis [Lesveur]), green sunfish (Lepomis cyane11us :

[Rafinesquel), ]argehouth bass (Micropterus. salmoides . [Lacepede}), and mos-

qu1tof1sh (Gagbusia affinis .Baird and Girard), have been recorded 1n the

watershed, On]y the two centrarch1ds, Legom1s and Microptérus, have been

faken from the mainstream. The catfish was recorded - in an adJa;ent pond by
Rarber and Minckley (1966), along with largemouth bass. Mosguitofish are used
at wood'e Rahch for mosquito ccntrol {h stock-watering tanks, and Qere presum- -
ab]y obtained from local public health agencies. Only the green sunfish
builds popu]at1ons in the stream, generally at the lower end, upstream to the
vicinity of Virgus Canyon, and sometimes in pools in the mouths of tributary

streams. Flooding has consistent]y destroyed these populations.
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One native species, the Sonoran topminnow (Poeciliopsis occidentalis
Ba1rd and G1rard) has been repeated]y introduced into Aravaipa Creek 'hy
Arizona Game and F1sh Department in an attempt to reestab115h that species

w1th1n 1ts native range. These stockings have been unsuccessfu1 over the long

term, w1th severe f100d1ng 1mmediate1y foT1ow1ng each attempt. i

F]oodtng 1n Arava1pa Creek may precTude estab11shment of spec1es 1ntro- ;k N

duced to date,rbut stream adapted species such as the "red sh1ner (Notropis;i

‘IutrenSTS TBaird and G1rard') aTmost certainTy “wouTd: estab]ish “and ma1nta1n

populat1ons 1f brought’ tnto the area. Unfortunate1y, stocks of game fishes.

‘are often contam1nated by other fishes, inchdTng red shiner. PersonneI‘

stock1ng f1shes se1dom are: attent1ve to such probTems, any introduct1ons are,3

Ny therefore, a threat. Stock tanks in ‘the watershed present a major concern in

this regard. Many are on pr1vate 1ands, and thus can be mon1tored and con-
trolled only through cooperat1ve agreements. If possible, introduced fishes
of all kinds should be excluded from the watershed. | |
Mosqu1tof1sh present a special prob]em. The species ‘has been 1mpl1cated
in dec11nes of numerous western fishes (Minckley 1973), and their establlsh-
ment 1in the ma1nstream or tributaries of Aravaipa Creek is to be“akoided,
Panie Health agencies in Arizona now introduce this species as a matter of_

course for mosquito control and should be contacted with respect to the

Aravaipa Creek watershed.
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VII. SUMMARY

Aravaipa- Creek, central Arizona, flows through a region of 'rugged, Basin

and Range topography. Its central gorge and Tower valley partially represent

an ancient, antecedent channel, Its upper valley is:disse;tinﬁ a2 northwest :

"extension of the Sulpher Springs VaTTéy; a structural _frough formed during

mountain bu11d1ng processes. _ 'h_

C]1mate of ‘the area.: is ar1d and m11d with. strong]y bi- seasona1 pre-j;jm;;

cipitation 1in -winter and mid-summer.. Upper Aravaipa Creek f]ows through

de;ert—grass?and.(Upper Sonoran Lifevionej;wwhere*grassesmare"co—ming1ed with '

! . .
--'shrubs- and.- scattered trees ‘such as Jjuniper. Down;treqm,- desert-grassland

grades into desertscrub of the Lower Sonoran Life-zone. Vegetation é1ong the

immediate stream is-a warm;temperate,'winter7detiﬁﬁﬁﬁ?“wOOdTahd?“éharacterized

. by a- gallery forest of cottonwood, wi116w,_sycamore,'énd other tall trees.

- Drier floodplains are dominated by winter-deciduous microphylls, such .as’

mesquite.
fhe stream seemé similar today to photographs and published descriptions
of 80—120 years ago. The upper part of the creek, near Klondyke, formerly was

. marshy and permanent where now incised and typically dry except in times of

flood. - Riparian forests were more massive in size and development in the’
. past, hut where made up of ‘the same species of- trees; young. trees were abun~-

dant. Only one plant species-evident in old photographs, the common reed, is

now -absent from the riparian community.

Historical uses of the stream and its environs included intensive 1ive-
stock ranching from the late 1700s through the 1960s.  Mining operations

commenced in the 1860s, and smelting and concentrating of lead, zinc, and

silver ores were begun in the 1870s. These activities continued until the



SRP11211
195

1950s, when operations became limited to removal of sand, gravel, and rock,
and locdl expfofatory mining. | |

Gradients of the channel of Aravaipa Creek vary from-< 2.5 m/km near the

source, to > 25 m/km within the gorge, and to < 5 m/km near its confluence.

ﬂvwith;IhEMSaﬂ—Radﬁdmijer;wwsouthwestaﬁlowingmtpibutariesmarewdiscordant~to~the~.5:

mafnstream ahd. include series of falls along their courses. North-flowing

- tributaries are larger, Eéceive-more preéipifation,'ahd have'higﬁ “but unfs e

W1th1n the gorge the stream is narrower than e]sewhere, deeper on the
" average and. at a max1mum, and has less surface area qnd vo1ume per unit
L}

'1ehgth. It typica]T} flows in a sihéIe”éhanne1, ﬁith”a TaEQe peréenf&ge”df A

rapids, and Ts'heaviTy shaded, Odtside the canyon the channel is wider and'

shallower but has more §urfaqe'area and volume per unit Tength. Pools are

'sha11owér, but more'tommon, and 'rabids are scarce, Percentage shéding is

greatly féduced, and the stream occupiés»an cften-braided channel.. .

The stream 1ows over unconso11dated poorTy sorted sand, grave1, cobb1e,

and boulder. Floods originating in the upper, -alluviated valley carny 1arge

~ volumes of silt and sand, ‘whereas those from montane tr1butar1es tranqurt

larger materials such as gravel and boulders. Types and origins of'flooding_
thus have vastly different effects on the system.  Alternating "sanding in" of -

pools s followed by degradatioﬁ, to re-create a pool-riffle-pool habitat

séquence. .

Average strgam fT?ﬁé%n Aravaipa Creek is 2,530 hm3/yeaf,61.3% of whicﬁ
occurs in winter and 3.87% in summer. Most winter outflow is in February-
March, and August yields most Qafer in summer. Summer base flows are bimodal,

0.14 m3/s, and 0.28 m3/s. The first presumably reflects base flow of the

- form; ~grad erts_thai_enrer.Aravatpauﬁreex“ﬁn.an “accordant: fash1bn,~.m,qt';;m;;j:wwf'f
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aqUifér less "irrigation demands, and the second is actual base flow. Winter
dfschargeS»tend to be uni-modal, a bit. higher-than the higher mode of summer.
This results -fron greater  winter precfpitation, . lower rates of

_ evapotranspiration, and reduced irrigation. - :

Water passage into and out of the unconsolidated sediments of the creek

- bed produces marked up= to downstream var1at1on in- surface d1scharges. 0n1y

charge be made as a matter of course.

' Reiationships_ﬁf‘brecipitation“on*the watershed and stream discharge were
’ :
. poorly correlated in winter, but highly so in summer. The average water yield

of the sfreém js about 5.5% of avai]abie precipitation.

Annual means of water temperature in Aravaipa Creek tended to be higher

- than mean air temperatures in. autumn, winter, and spring and lower than mean

air temperature in summer. Maximum diel temperature variation was 12.6° C in -

-2

summer and 1l. 5% in winter. Rates of heating ranged to > 2.0 x 10 in

summer, beginning abruptly as 1light impinged. upon the water surface at sun-
: rise.- Heavily shaded segments of the stream were s1gn1f1cant1y coo1er than

unshaded reaches.

Turbidities were low in Aravaipa Creek in all but periods during and

immediately following floods. Suspended- sediment Toads of flood waters were

high and variable and differed in composition depending upon origin of water.

Flooding from the upper valley contained high percentages of c011oids; and

‘those from uplands did not.
Shading of the water surface is a significant factor 1in Aravaipa Creek.

North-facing cliffs reduced light to < 5.0% of that present at midday in

summer. Riparian trees reduced light at the water surface by 50 to 80%.
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Penetration of 1ight was 90% to the stream bottom except during flood. Angfélfr"

of ﬁncidence in Tate evéning anﬁ early morning reduced this.on1y to 40-60%,

partially as a function of refraction produced by surface turbulence.

Dissolved concentrations of major cations and order of their abundance in = .

" Rrsvaipa Creek were rather typical of Sonoran Desert streams, Ca’t > Na©

>

e

‘mg** > k*. Major anions were as follows: HCOR™™ > €03 > S0, > 17,

‘Except for Horse Camp Canyon where: Mg++ exceeded Na , chemistry of all -

w:w::{‘r'i-bu_ta ries rese_mb‘l ed that ofthe main;-fm_lﬂ'.e_am.‘

Wicrochemical studies of dissolved: heavy metals ﬁhdicatédjtﬁat'with the

."exceﬁfion of Hgf+,.nb’e1ement studied in the mainstream of Aravaipa Creek

exceeded national or 'intérnat{onél"watér stan&afds. : Cd++ épproached fhe,

" maximum recommended 'conéen;ratfbnnmfor "sensitive" species of freshwater

organisms. Dissolved metals in tributaries for the mo%f'parf also met recom-
o ++

. : o =+
mendations for water standards: €r , Cu , Cd , and Pb++ were generally

Tow and relatively stabTe'in time and space. Mn++, Fe++, and Zn++, however,

were high1j variable. Turkey Creek héd'Mn++ that regu1ar1y.exceedéd standards

‘for domestic water supplies. The single sample from Bear CahyonwhadsFé++ that
exceeded all standards, and water in Horse Camp Canyon exceeded the: standard

for aquatic life in August, An unnamed tributary exceeded recommended stan-

++ ) o N ) . o o
dards for Hg in domestic water supplies, and all tributaries had more Hg

than is recommended for‘aQUafic organisms and wildlife uses,

Mean concentrations of total metals in Aravaipa Creek were in all in-

stances substantially higher thah ‘dissolved levels (to 50 fold). Highést-

particle-bound loads were associated with turbidity during floods. Tribu-
tar?es, with some exceptions, were less extreme in total metals than the

‘mainstream. This may, however, be an artifact of more comprehensive sampling

2 . e e T e B
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of . the. channe]. The major exception was Hell Hdle Canyon,- where total concen-
trations for crttt Cu++, Cd++, Fe++, Mn++, Pb , and Zn , were from 20 to
more than 10, 000 times d1sso1ved Jevels during h1gh d1scharge and turb1d1ty.

High particle- bound amounts: of heavy metals may be attrtbutab1e to mine

- Dissolved oxygen concentrat1on in Aravaipa Creek var1ed tnversely to

_seasona] water temperatures,' and in per1ods of -high- product1v1ty varted.

p051t1ve]y with..daytime= hgnt, --------- Iﬂ ...... pEP']Ods-—_G.‘f:.v]gw-.u,p- uc ?ﬂtn»mghttimem"m

oxygen concentrations exceeded those in- day11ght hours. During per1ods of

- h1gh product1v1ty, oxygen was supersaturated in. daytime, desp1te turbu]ence of

the stream, - Commun1ty resp1rat1on at night 1ikewise 1owered oxygen: 1eve15 to

. substant1a11y below. saturation on occa51on, a]though -never to a Tevel cr1t1ca1

to “the b1ota. : Low dissolved oxygen was assoc1ated ‘with flash f]ood1ng and

periods of biomass deterioration; reasons for the first relationship are’

ebscure and merit further study.

Specific conductance in Aravaipa Creek ranged between 158 and 510 uﬁhos/
cm, .with means for 24-hour stu&ies generally 'falling betweén 430 and 480
umhos/cm. Grand means for pa1red samp11ng per1ods up- and downstream from the
gorae vere 447.8 and 434 9 umhos/cm, respect1ve1y, with the Tower value
downstream reflecting prec1p1tat1on of certain 1ons, input of local rainfall,
or inf1ows from more dilute tributary canyons.

The 1owermost reach of Aravaipa Creek was 1nvar1ab1y higher in pH than
- the upper reach, and values were lower fin summertime and .at night than in
winter and during daylight hours.

0f the macronutrients, P04-P was relatively constant in concentratidn up-

to downstream, before and after floods, and throughout the year. 'NOS-N, on
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the other hand,” was always lower downstream than in upper reachés, higher 7

after‘pefiods pf high flow, and Tower after periodé of Tow flow when'proddc-
tivity was “high in both the3bpper and‘Tower reaches. The system would be

NO3-N Timited if nacronutrTents were in short supply.

Forty- e7uht algal genera were “identified from Aravaipa - Creek. . The

communlty is: dom1nated by d1atoms and the green a19a CTadophora gTomerata. .

aTElpod1ng essent1a11y removed aTgae from the system., The encrustjng community

‘Fecovered quickly after floods, ihcreasing its biomass by 18 to 43 times

withih the first 30 days, and 'attaining.‘or exceeding pre-flood conditidns_

- _between 16 and 35 days after a spate. Cladophora was slower in recovery,

increasingAbiomass 8.5 to 20 times in 30 dayﬁ, énd becoming most Juxurient 45
to 90 days after a‘f1ooding event. Standing crops of algae in unshaded’ parts
of the stream exceeded reported values for temperate streams.

Detrital materials were most abundant in Aravaipa Creek after f1ooq1ng,

becoming ‘comparable in standing crops to those of periphyton after-peridds of

low discharge. Downstream export reduced standing crops of ‘detritus by about

70% in 16 to 45 days after a flood.

Renthic invertebrates are rich and diversified in the Aravaipa Creek

system, and a total of 133 taxa (109 insects) were recorded. Greatest numbers

of individuals and taxa and greatest biomass were present in Jate winter'and

spring, followed: by- a consistent decline during summer rains and f1obd1hg.-

Numbers and biomass recovered quickly, generally achieving pre-flood con-
ditions by 45 to 90 days after disruption. Recovery time depended upon

frequency of previous flooding. After a single spate, density and biomass
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could achieve pre-flood Tevels within 15 days, but repeated floods resulted in

longer per1ods required for recoveny.

of organ1sms co]?ected 1n drift samples, only baet1d and trycoryth1d

mayflies and chironomid-dipteran larvae and;pupae,were present in all samples

on 31T sampling . dates.  Numbers of those animals-in drift and 1in the benthos ~

'conreJéted rOUQh1y, but no relationship existed between weights in drift and

those in the benthic commun1ty.

AT] seven native - f1shes “now occupying Aravawpa Creek ‘were former1y more T

‘widespread and abundant in the Gila R1ver-sy§tgm_than.t§g¥_§£gﬁégday. A1l

nave suffered reductions in range, especia11y{at110wér e1evétions,‘as a result
of water ~developments, deéitcation, and interactions with introduced forms.
. Patterns of abundance of fishes within the stream. have been_remarkably consis-
tent since: the 1940%s, When direct comparisons are ava11ab1e, longfin dace
almost always are most abundant downstream, below the gorge, and least abun-
dant within .the gorge. - Speckled dace averaged tw1ce as abundant above the
gorge as within it and rarely occur downstream.‘ Loach-minnow tend to be most
common above the- gorge.  Sonora. sucker, desert mounta1n sucker, roundta1l
chub, and spike dace all tended to be most abundant'within the gorge, second
.upstream, and least abundant downstream.

Biomass of total fishes in Aravaipa Creek is spectacularly high at some

- times of year, and varies significantly in different segments of the stream. .

Total weights/unit area were greater above and below the gorge than within it
in spring, autumn, and winter, but were far greater within the gorge in
- summer. DBiomass and nnmbers of fishes in Aravaipa Creek are substantially
higher than those reported .from temperate and high-altitude streams, but

compare favorably with cther low-desert systems.

—
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Fishes .in Aravaipa Creek exhibit three trophic patterns: herbivory by,

the mountain¥suckérﬁ omnivbfy_by 1ohgf1n;déce; and carnivory by the-remaﬁn?ng‘

five species. - Ephemeropteran nymphs were theé major food of all carnivorous.

fishes and of the omnivore, and were the dominant invertebrate in both benthos

-‘andudriﬁtfmentE$$pegific'interactfons.pe]ated,toufeeding_habits_of fishes are

probably minimal in Aravaipa. flreek beéause cf the abundance of}fnverfebra;es

~and spatial. segregat1on of the fishes themselves. .

toward it in summer, Movement into the shaded reach presumably ref1ected an
avoidance of high water temperatures - in more open portions of the stream.

Flooding .had Tittle influence on movement patterns.

Most fishes in Aravaipa Creek .assume breeding colors in autumn and éar]y.-

winter, then'spawn in spring and eaf1y summer. All select relatively stable
port10ns of the stream for reproduct1on. Most species display a Qenera1ized
cyprinoid spawning behav1or, males aggregating 1n suitable areas and females
moving to them when prepared to spawn.

No alien fish.species introduced intb Ara#aipa Creek has yet estab]i;héd
a reproducing popu]étion for more than a yeaf or two. F1obd1ng‘appears to bé
toco severe for species-suéh as greeh sunfish and largemouth bass. However,
stfeam-adapted species‘now occur in the vicinity, and their introdUction into

the system is to be avoided.

=DBispersalx fﬁl_tagﬂed ~fishes=was_.from. the central. gorge. fn.winter.: aaﬂt;@JAr
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CATALOGUE OF VASCULAR PLANTS OCCURRING

IN THE ARAVAIPA CREEK PRIMITIVE AREA

Several collecting trips were made thfbugh the Arévaipa Canyon
Primitive Area during the course of a year. in order to identify
-~the~flora-of-Aravaipa Creek from-the confluence. of -Turkey -Creek-to
) Woods‘Ranch and adjacent hillsides, with the listing expanded to |

include specimens from above and below these boundaries. Plant

. species were recorded-according to personal observation.and.those.... . - icooos

specimens collected and processed were deposited at the Desert

Botanical Garden herbarium (DEé) Phoenig, Arizona. Identifications
were made according to Kearney EE_EE; (1960), except for-Cacfaceae
which followed Benson (1968). Certain other groups ére treated
according to recent revisions and monographic treatments‘(Lehf‘1978).
The vascular flora listed for éhe Aravaipa Creek Primitive Areal
consists of 150 species in 128 genera reprgsenting 58 families, Each
species is grouped by family and followed by its aﬁthor. and common

name, if available. The sequence of families follows that of Kgarnéj

and Peebles in Arizona Flora and the genera within each family ave

ar;anged by alphabetical order. All species listed have been reviewed
for recent taxonomic revisions accordiﬁg to Lehr (1878) and.théir.most ,
cugfent syncnomy has been included. Plant specimensrthat were‘not in
floewer could not be keyea to s?ecies and are therefore listed in:the
catalogue at thergeneric level only. They were included in an effort .
to make thglcé{alogue as complete as possible, fully realizing that

it at best represents a partial list of the actual flora for the

travaipa area.



SRP11232

216

| DIVISION: PTERIDOPHYTA. Ferns and Fern Allies
' POLYPODIACEAE. Fern Family

Adiantum capillus-veneris L. Southern maidenhair fern

Asplenium resiliens Kunze. Small spleenwort

Cyrtomium zuriculatum (Underw.) Morton.

Thelypteris puberula (Bzker) Morton var. sonorensis A. Reid Smith.

DIVISION: SPERMATOPHYTA. Flowering Plants

CLASS: GYMNOSPERMAE .

CUPRESSACEAE. Cypress—Family - oo oo

Juniperus mo%osperma (Engelm.) Sarg. One-seed juniper g

CLASS: ANGICSPERMAE
SUBCLASS: MONOCOTYLEDCNEAE

TYPHACEAE. Cat-tail Family

. Typha sp. Cattail
| GRAMINEAE. Grass Family

Bromus rubens L. Red brome

cynodon dactylon (L.) Pers. Bermuda crass | . .

Schismus barbetus (L.) Thell. Mediterranean grass

LEMNACEAE. Duckweed Family
Lemna sp. Duckweed
AGAVACEAE. Agave Family

”A ave chrysantha Peebles. Century plant

o
=]

Dasylirion wheeleri Wats. Desert spoon, sotol

Nolina microcarpa Wats. DBeargrass

SUBCLASS: DICOTYLEDONEAE

SALICACEAE., Willow Family
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Populus fremonti Wats. Fremont cottonwood:

Salix bonplandiana H.B.K. Bonpland willow

‘Salix gooddingii Ball, Goodding willow

JUGLANDACEAE. Walnut Family

Juglans major (Torr.) Heller. Arizona walnut

FAGACEAE. Beech Family

Quercus turbinella Greene. Scrub oak

Quercus sSp.

ULMACEAE. Elm Family

Celtis pallida Torr. Desert hackberry

. Celtis reticulata Torr. Net-leaf hackberry

f : '
MORACEAE. Mulberry Family

Morus microphylla Buckl. Texas mulberry

e © VISCACEAE. Mistletoe Tamily

Phoradendron californicum Nutt. Desert mistletoe

Phoradendron tomentosum (DC.) Gray (P. flavescens (Pursh) Nutt.). Inierto

POLYGONACEAE. Buckwheat Family

Ericgonum abertianum Torr.

Polygonum lapathifolium L. Willow smartweed.'

Polygonum sawatchense Small.

Rumex sSP. Dock

CHENOPODIACEAE. . Goose Foot Family

Atriplex capescens (Pursh) Nutt. Four-wing saltbush

Salsola iberica Sennen and Pau (S. kali L. var. tenuifolia (Tausch)
Zellen). Russian thistle, tumbleweed

AMARANTHACEAE. Amaranth Family

Amaranthus fimbriatus (Torr.) Benth. Fringed amaranth

NYCTAGINACEAE. Four O'Clock Family

Allicnia incarmata L. Trailing four o'clock
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PHYTOLACCACEAE. Pokeberry Family

~Rivina humilis L. Rouge plant, ccralito

~ BERBERIDACEAE. Barberry Family

Berberis trifoliata Moric. Algerita

CRUCIFERAE. Mustard Family

Lesquerella gordoni (Gray) Wats. Gordon bladderpod

Lesauerella purpurez (CGray) Wats.

Nastuntium officinale L. Water-cress

sisymbrium irio L. London skyrocket

PLANTANACEAE. Plane Tree Family

Plantanus wrightii Wats. Arizona sycamore

CROSSOSOMATACEAE. Crossosoma Family

Crossoma bigelovii Wats. Bigelow ragged rock flower

ROSACEAE. Rose Family

Prunus sp.

LEGUMINOSAE. Pea Family

MIMOSOIDEAE. Mimosa Subfamily

fcacia constricta Benth. White-thorn acacia

Aczcia greggii Cray var. arizonica Isley (A. greggii Gray). Catclaw

Calliandra eriophylla Benth. Fairy duster

Desmanthus sp. Bundleflower

Mimosa biuncifera {(Benth.) Britt. and Rose. Wait-a-minute bush

Prosopis velutina Woot. (P. juliflora (Swartz) DC. var. velutina

(Woot.) Sarg.). Velvet mesquite

CAESALPINIOIDEAE. Senna Subfamily

Cassia covesil Gray. Desert senna

Cercidium floridum 3Benth. Blue paloJerde

Cercidium microphyllum (Torr.) Rose and Johnst. Yellow or little-leaf

paloverde
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PAPILIONOIDEAE., Bean Subfamily

Amorpha fruticosa L. var. occidentalis (Abrams) Kearn. and Peeb. Bastard

indigo

Astragalus sp. Loco weed

Lotus rigidus (Benth.) Greene. Desert rock pea, deer vetch

. Lupinus EE' Lupine

" Medicago sativa L. Alfalfa =

Trifolium sp. Clover

GERANIACEAE. Geranium Family

Erodium cicutarium (L.) L'Hér. Heron-bill

_ OXALIDACEAE. Wood Sorrel Family .

T

Oxalis sp.
- ZYGOPHYLLACEAE. Caltrop Family.

Larrea divaricata Cav. Creosote bush

RUTACEAE. Rue Family

Cheisya arizonica Standl. Star-leaf

Ptelea trifoliata L. subsp. angustifolia.(Benth.) V. L. Baiiey (P.
angustifolia Benth.). Narrowleaf hoptree

" . ox

MALPIGHIACEAE. Malpighia Family

Janusia gracilis Gray.

EUPHCRBIACEAE. Spurge Family

Acalypha\oStryaefolia Riddell. Hornbeam three-sided mércury

Crcton texensis (Klotzsch) Muell. Arg. Dove-weed

- Fuphorbia sp. Spurge

SIMMONDSIACEAE. Jojoba. Family

gimmendsia chinensis (Link) Schneid. Jojoba (usually included in the
Family Buxaceae)

ANACARDIACEAE. Cashew Family

Rhus radicans L. var. vydbergii (Small) Rehder. Poison Ivy

Rhus trilobata Nutt. Skunk-bush, squaw-bush
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ACERACEAE. Maple Family

Acer negundo L. var, interius (Britt.) Sarg. Box elder

SAPINDACEAE. Soapberry Family

Sapindus saponaria L. var, drummondii (Hook. and Arn. ) Benson,
Western soapberry — -

MELTACEAE. Melia Family

" Melia azedarach L.” China-berry tree':

RHAMNACEAE. Buckthorn Family

Rhamnus californica Esch. subsp. ursina (Greene) Wolf. California buckthorn

{Kell.) Greene. Hollyleaf buckthorm-

mhamnus—crocea- Nutte var,  ilieifelda-

Sagereita wrightii Wats.

7izyphus cbtusifolia (Hook. ex Torr. and Gray) Gray var. canescens (Gray

M. C., Johnst. (Condalia lvcioides (Gray). Graythorn

VITACEAE. Grape Family

Yitis arizonica Engelm. Canyon grape

MALVACEAE. Mallow Family

Anoda cristata (L.) Schlecht. Spurred anoda

Malva parviflora L. Cheeseweed

Saphaeralcea ambiqua Gray. Desert mallow

TAMARICACEAE. Tamarix Family

Tamarix pentandra Pall. Saltcédap

ASSIFLORACEAE., Passion Flower Family

8¢

Passiflora mexicana Juss. Passion flower

CACTACEAE. Cactus Family

Cereus giganteus Engelm.

(Carnegiea gigantea (Engelm.) Britt. and Rose).

" Saguaro

Echinocereus spp. Hedgehog

Terocactus wislizenii (Engelm.) Britt. and Rose. Tish-hock barrel

“zmmillaria spp. Pincushion

Gpuntia acanthocarpea Engelm, and Bigel. Buckhorn cholla
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Opﬁntia fulgida Engelm. Chain-fruit cholla

Opuntia kleiniae DC. var. tetracantha .(Toumey) W. T. Marshall
(0. tetracantha) Toumey. Klein cholla

Opuntia leptocaulis DC. Christmas cactus

Opuntia phaeacantha Engelm.

var. discata (Griffiths) Benson and Walkington (0. engelmanni Salm-Dyck).
Engelmann prickly pear

var. laevis (Coult.} L. Benson (0. laevis Coult.).

| Opuntia stanlyi Engelm. Devil cholla

ONAGRACEAE. Evening Primrose Family

. Zauschneria californica Presl subsp. - latifolia (Hook.) Keck.

Hummingbird trumpet

UMBELLIFERAE. Parsley Family

Bowlesia incana Ruiz and Pavon. Hairy bowlesia

PRIMULACEAE. Primrose Family

Anagallis arvensis L. Scarlet pimpernel

"PLUMBAGINACEAE. Plumbago Family

Plumbageo scandens L. Leadwort

FOUQUIERIACEAE. Ocotillo Family. ‘

Fouquieria splendens Engelm. Ocotillo

OLEACEAE. Olive Family

Fraxinus pennsylvanica Marsh. subsp. velutina (Torr.) G. N. Miller.

Velvet ash

ASCLEPIADACEAE. Milkweed Family

Asclepias linaria Cav. Milkweed

CONVOLVULACEAE. Morning Glory Family

Cuscuta sp. Dodder

POLEMONIACEAE. Phlox Family

Fhlox tenuifolia E. Nels,
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VERBENACEAE. Vervain Family

Verbena sp. Vervain

LABIATAE. Mint Family

Marrubium vulgare L. Horehound

Salvia amissa Epling., Sage

Stachys. ceccinea Jacq.  Texas betony . . ... . . . R

SOLANACEAE. Potato on Night shade Family

Datura meteloides BC., Sacred datura, jimson weed

Lycium pallidum Miers. Wolfberry o : '_

Nicotiana glauca Graham.. Tree tobacco

Petunia parviflora —Juss. “Wild"petunia -~
- :
Physalis acutifoclia (Miers) Sandw. (P. wrightii Gray). Wright ground cherry

Solanum douglasii Dunal. Nightshade

e RO PHULARTAECEAEL Figwort Family

Maurandya antirrhiniflora Humb. and Bonpl. Blue snapdragon vine

Mimulus dentilobus Robins. and Fern. Monkey flower

Veronica anagallis-aguatica L. Water speedwell

ACANTHACEAE. Acanthus Family

Carlowrightia arizonica Gray.

RUBIACEAE. Madder Family

Cephalanthus occidentalis L. var. californicus Benth. Button bush

Galium aparine L. Bedstraw

CURCURBITACEAE. Gourd Family

Marah gilensis Greene. Wild cucumber

CAMPANULACEAE. Bellflower Family

Lobelia cardinalis L. subsp. graminea (Lam.) McVaugh. Cardinal flower
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COMPOSITAE. Sunflower Family

Acourtia wrightii (Gray) Reveal and King {Perezia wrightii Gray). Brownfoot

Ambrosia ambrosioides (Cav.) Payne (Franseria ambrosicides Cav.,). Canyon
ragweed

Ambrosia confertiflora DC. (Franseria confertiflofémeC). Rydb. ).
Slimleaf bursage

Ambrosia deltoidea (Torr.) Payne (Franseria deltoidea Torr.). Triangle-leaf
bursage . :

Artemisia ludoviciana Nutt. Sagebrush

Aster subulatus Michx, var. ligulatus Shinners (A. exilis E1ll.). Aster

”BéécﬁéfiS“SéIibiféIié“(RﬁizwéﬁH“Péﬁdﬁjwpéf§f”fgf glutincsa Pers.). Seep willow

Baccharis sarothroides Gray. Desert broom o

Baileya multiradiata Harv. and Cray. Desert marigold

Bebbia juncea (Benth.) Creene. Chuckawalla's delight

Bidens pilosa L. Bur marigold , ‘ e

Brickellia californica (Torr. and.Gray) Gray. ~ Pachaba, brickel bush

Encelia farinosa Gray. Brittle bush

Ericameria cuneata (Gray) MeClatchie var. spathulata (CGray) Hall

(Haplopappus cuneatus Gray var. spathulata (Gray) Blake). Desert rock
goiden bush ! i

Erigercon divergens Torr. and Gray. Spreading flezbane

Erigeron oreophilus Greenm.

Gnaphalium sp. Cudweed

Haplopappus spinulosus (Pursh) DC.

HMaploparcpus tenuisectus (Greene) Blake. Burroweed

Helenium thurberi Gray. Sneeze weed

Hymenoclea monogyra Torr. and Gray. Burro bush

Hymencthrix wislizenii Gray.

Hymenothrix wrightil Gray.

Hachaeranthera sp. sensu Cronquist and Keck
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Perityle lemmoni (Gray) Macbride {Laphemia lemmoni Gray and L. dissecta
Torr. sensu Kearn. and Peeb.}.

Porophyllum gracile Benth. Odora

Psilostrophe cooperi (Gray) Greene. Paperflower

Solidage wrightili Cray. Goldenrod

Stephanoméria pauciflora (Torr.) A. Nels. Desert straw

Vigujera multiflora (Nutt.) Blake. Golden eye

Xanthium strumarium L. (X. saccharatum Wallr.).. Cocklebur *




SUMMARY BY MAJOR TAXA OF THE

KNOWN VASCULAR FLORA OF ARAVAIPA CRELK PRIMITIVE AREA
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Totals

Major Taxa Families Genera Species
Pteridophyta 1 4 4
Spérmafophyta

S Gy mnos permas . oy SR

Anglospermae o o

Monocotyledoriae 4 8 8
Dicotyledonae 52° 118 137
58 128 150




SRP11242
226
LIST OF AUTHOR NAME ABBREVIATIONS

Benth. G. Bentham

Bigel. J. Bigelow

Britt. | N. L. Britton -

Britt. and Rose | Ne L. Britton and J. N. Rose
"Buckl:‘.' - 8. B. Buckley "
" Cav. A. J. Cavanilles

Coult. J. M. Coﬁlter

De. ~ . - A P. de Candolle -
E1l. S, Elliet

Engelm. 3. Engélménn v ; N
Esch. J. R. Eschscholtz

Fern. . M. L. Fernald

. Greenm. - J. M. ‘érc-ae“pman - B
§ H.B.K. ‘ F. W. H. von Humboldt

Harv. 7 W. H. Harvey

Hook. W. J. Hooker ; v

Hook. and Arn. W. J. Hooker and G. A, W. Arnott |

Humb. and Bonpl. F. W. H. von humboldt and A. J. A. Bonpland

Jacq. N. J. von Jacquin |

Johnst. I. M. Johnston

. C. Johnst. " M. C. Johknston

Juss. A. L. de Jussieu

Kearn. and Peeb. T. H. Kearpney and R. H. Feebles

Kell, A. Xellogg

L. . C. Linnaeus

. Lam. J. B. de Lamarck

L'Hér. C. L. L'Héritier de Brutelle



Marsh.

Michx.

Moric.
Muell. Arg.

A. Nels.

Nutt..

Pall.

Pers.

Robins.

:Ruiz and Pavon

Rydb.

Sandw.

Sarg. v
Schleﬁht.
Schneid.
Standl.

Thell.

Torr.

Terr. and Gray
Underw.

Wallr.

Wats.

Woot.

_.Ec

L. Robinson

. Marshall

Michaux

E. Moricand

. Mueller

Nelson

E. Nelson

Nuttal

. S. Péllas

. H. Persoon

R. Lopez and J. A, Pavon
A. Rydberg

Y. Sandwith

8. Sargent

F. L. von Schlechtendal

K. Schneider
C. Standley

Thellung

" Torrey

Torrey and A. Gray

. M. Underwood-

F. W. Wallrcth

. Watson

0. Wooton
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Historical Photographs of Aravaipa Creek
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Photograph by Joseph Amesa Munk, 1889-1900, of Aravaipa Creek near Klondyke;
courtesyiot"qu;hygggwMugeum,“High]and Park, Los Angeles, Callfornia,

Photograph by Joseph. Amasa Munk, 1889-1900, of Aravaipa Creek at the
nChimney''; courtesy of Southwest Museum, Highland Park, Los Angeles, Calif-

ornia.
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Photographlgy Jgééﬁh Amasa Munk, 1889-1900, of Aravalpa Créék'nééﬁ"Tts.upper
end; courtesy of Southwest Museum, Highland Park, Los Angeles, California.,

Phofograph by Joseph Amasa Munk, k889-1900, of Aravaipa Creek at £ﬁe same
locality a&s sbove; courtesy of Southwest Museum, Highland Park, Los Angeles,
California,
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Photograph by Joseph Amesa Munk, 1889-1200, of Aravaipa Creek gallery forest,
locatlon unknown; courtesy of Southwest Museum, Highland Park, Los Angeles,

California.

Unknown photographer, ''before 1900,'" of upper Aravaipa Creek; Arizona Hist-
orical Society photograph 8208, Tucson, Arizona,
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Unknown phbtbéfaéﬂé}juﬂgéfgfe.1900,”.WEtth Arévaipa'Canyon; Akiion; Hist=
orical Soclety photograph 8209(a), Tucson, Arizona. .

Unknown photographer,
"before 1900,'" within
Aravaipa Canyon;
Arizona Historical
Society photograph
8209(b), Tucson,
Arizona.,
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Unknown photographer, ''denated 1932,'" within Aravaip;-cényon; Af%zana Hist=-
orical Society photograph 6303, Tucson, Arizona,

Unknown photographer, ''donated 1939,'' within Aravaipa Canyon; Arizona Hist-
orical Society Photograph 6302, Tucson, Arizona.
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Bureau of Land Management photograph, within Aravaipa Canyon, early ]9705'_

Unknown photographer, Qndated, men fishing with wier and dip net, Aravaipa
Creek, Arizona; Arizona Historical Society photograph 6901, Tucson, Arizona,
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° Appendix C
Mines and Mine Workings of the upper Aravaipa Creek area

The following information was corﬁpiled from the literature
and includes recorded mines and prospects of the USGS Klondyké
-Quadrangle {Simons 1964). Scme localities may in facf. be oﬁtside
the Aravalpa Creek drainﬂlagle basin, but weré included since their’
presence indicates exi;’;{ng and discovered ore bodie‘s of the area

. from which heavy metals or other contaminants may originate and

enter the aguatic sys{:em (Appendix Tables C-1 - C-2).
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Appendix Table C-2. Miscellaneous exploratory prospects of the upper
Aravaipa Creek Area, southeastern Arizona (from

Simons 1964}.

Names and locations (if known) Legal Description

Unnamed, S of 0ld Deer Creek Center 5-18, T5S, R20E

Green Gem Claim Center of line between S-17 & 20,

‘ T58, R20E g

Unnamed - SE corner S-23 {us), TS58, R12E
silver Reef Claim : NEk, §-25 (us), TSS, R19E

Booker T. Washingten Claim . NW%, S$-30, TSS, RBdE

unnamed, 2,000 ft SE Head Center N4, S-30, T5S, R20E -
Mine
Unnamed, or Ionia Claim, S of NEk, S-30, TSS, R20E

Iron Cap Mine
Unnamed, N-NE Landsman Camp Nw¥, S-29, T58, R20E
Unnamed, along and N road between sz, S-25 (us), T5S8, RIOE
Aravaipa {town) and Tule Spring
Unhamed ‘ . . NEX%, 5-36 (us), T5S, RISE
Near center S edge S§-32, T5S, R2CE

Uhnamed

r .

Unnamed, between Stowe Gulch and NW4%, §-6, T6S, R20E
Jet. Landsman Camp and Klondyke-
Aravaipa Rds.

Unnamed, 3 prospect pits ~ swk, 5-34, Tés, R20E

unnamed, upper Klendyke Wash-or SEY%, S$-34, T6S, R20E
Spring Canyon ‘

Unnamed, upper Klondyke Wash or " gwk, S~2 f{us), T75, R20E
Spring Canyon

Unnamed, upper Klondyke Wash ox NEX, 3—13 {us), T7S, R2CE
Spring Canyon )

Unnamed, S of divide between Turkey Nw4%, SEY%, $-28, T78, RLO9E
¢k and Right Prong Four-mile Ck

Unnamed, S side Right Prcng Four- $-32, T78, R1°E
mile Creek

Unnamed, S side Right Prong Four- §-32, T78, RISE
mile Creek, 100 £t NW of above



Appendix Table C-2. Continued
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Names and locations {(if known)

lLegal Description

Unnamed, N side Right Prong Four-
mile Creek- .

Unnamed, N side Right Prong Four-
mile Creek :

Unnamed, on or near crest of
Caliure Mtns.

Unnamed, on or near crest of
Galiuro Mtns.

Unnamed, on or near crest of
Galiuro Mtns.

Unnamed, 200 ft W ahd“;i;éﬂéii
below above locality ’

Three prospécts SW of crest of
ridge

Copper Hill Prospect
Unnamed -
Unnamed

Unnamed, in or near fossil
volcanic cone

Unnamed, 900 ft N of above
Unnamed, 600 ft farther NW
Unnamed,'SOO ft farther HW
Mission We. 1 Claim
Mission No. 4 Claim

Buena Suerte Claim (2 prospects)

Unnamed, 1,000 ft H-NE Glory Hole
Mine

Unnamed

Unnamed

'NE corner, S-6, T8S, RI9E

PPN S OIS -2cr AP

Center NWk%, S-33, T75, RI1SE
SW corner, 5-32, T78, R1CE

NW corner, S-5, T8S, R1QE-

Unknown”

S-6, T8S, R19E

Center Sk, 5-6, T8S, R19E
Center SEY%, S-6, TB8E, RI9E
SE corner, S-6, T8S, RI9E

swk, S~5, T8S, R19E )

Unknown

swk, S-5, T8, R12E

Sswi, Nwk, S-5, T8S, R19E
Nwk, S-7, T8S, RI1SE - -
N}, §-7, T8S, R19E

NEX%, NEY%, 5-7, T8S, RI9E

SEY%, S$-3, T8S, RI18E

NE%, Sl0, T85, R1BE

SW corner, S-2, T&S, RI8E




Appendix Table C-2. Concluded.
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Names and locations (if known)

Legal Description

Unnamed, (3 prospects)

Unnamed, where rd from 0ld Reliable
Mine crosses Copper Ck

Unnamed, S side Copper Ck, ca. 900
ft sE akbove

Unnamed, in deep, south-sloping
canyon on W side Copper Ck

Unnamed | S

Unnamed, near junction of 2 west-
sloping gullies

Unnamed, near S-pointing, sharp
bend in Copper Ck ‘

Unnamed, E side Copper Ck and
700 ft farther NW of above

Farther NW of above, hillside N
Copper Ck dotted with pits

Unnamed
Unnamed

Unnamed

Center S-10, T8S, RIBE
Unknown

near center n‘edge s-11, T8S,

Center of line between s-11 & 12,
T8S5, R18E o
f

NW, S-12, T8S, RI1BE

Unknown _

' Unknown

s~12, T8S, RIBE
sy, S112, T8S, R1SE
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Appendix D
Raw data for thermal features of upper and lower Aravaipa Creek,

1976-77
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