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An Examination of Potential
. Relocation Sites for the Mohave Tui Chub

(Gila bicolor mohavensis)'

by

C.Robert Feldmeth and David L. Soltz

Introduction

‘The Mohave tui chub, Gila bicolor mohavensis, is native fo'thevMohaVe1; ;;7’:

" River drainage in San Bernardino County; California.  Dufing thé:éarly'part ’

of this'century the arroyo chub, a closely related species, Gila oréutti,

. was iﬁﬁroducéd into Mohave Riverbheadwaters and.suSsequéntiy ﬁjbridiééd :
ﬁith the ﬁohave tui éhub Withinvthe ldwer feaches of‘tHeYMohave Rivéf |
(HuBbs and Miller; 1943). A small populatioﬁiof-genetically.pure Mqhaveu::f 
vtﬁi cﬁubs currently persists in isolated ponds at Soda»Spri;gs, Whefé‘tﬁe
.Mojaﬁe;Rivef terminates into Sodé Lake. This fish is Iisfed‘as Eﬁdéﬁgéféd’. 
b& both }he U.s. Fish and Wildlife Service and the State of Californié:
Other than the Soda Springs population it only exists in‘the Lérk_Seeé at.' "
China Laké and in a small pond near thevaWn‘of Hinkley, Calif&rnia..'Thg
Army Corps of Engineers havé proposed a modificétion tb.the Mohaﬁe Forks
‘ ﬁam in the Victprville area which couldzlower‘the équifer lével a£ Soda
‘ Séfiﬁgs. If the ﬁohave tui chub is fo be preéerved, additional bopuiagions
" need to be established, especially in habitats Wifhin the Mohave River
drainage an& nearby areas, to bfing about tﬁe recovery of this protected
subspecies (U.S. Fish and Wildlife Service Recovery Plan for tﬁe Mohave tui
chub, 1984).

Although a number of transplants of this species have been attempted,

most have failed (St. Amant and Hoover, 1975). From a recent study of the



physiological tolerance and ecology of Mohave tui chub at LarhlSeep, we
have found that this species does not tolerate temoeratures above 35 C or
.sallnities greater than 10 parts per thousand (Feldmeth et al., 1984)
Any potentlal refuglum must thus be carefully analyzed for water quallty
-characteristlcs, espec1ally durlng mid-summer when temneratures and
Asalinlty (and/or alkallnity) are llkely to be the highest. o

" The follow1ng study was made of f1ve potentlal refugia sites 1n order.

to analyze their phy31cal and chemical characteristlcs, w1th the objective'_ﬂlﬂ L

[;of determinlng which sites mlght prov1de potent1a1 habltats for the Q7ﬁ
“future Mohave tul chub transplants." AT |
| R S * METHODS

Two pools were examined along'thedMojavevRiyer‘in.Afton Canyon;"
(Campground Pond and Railroad Pond). VTwo springs located onithe nbrtheast
slope ofvthe San Bernardino Mountains in Lucerne_Valley.(hattlesnahe
Spring-and Doye Spring)vWere’also examined. 'Ihe final areaysurveyed Was
Owl Holé Sbring, located just east.of Death Valleyﬁﬁational Monument ngéﬁ'
‘its southernmost‘boundary;‘ o | |

Each study site was examined_over a 24 hour oeriod to collect dataAon.
daily fluctuationsdin temperature and dissolved oxygen. otﬁéf parameters;
including pH, salinity, specific conductance anddalkalinity Were.also :
measured. A 2 liter water sample collected from each study site was
'subjected to thorough chem1ca1 analysis at the Edward S. Babcock Laboratory
‘in Rlvers1de, California. The follow1ng substances were analyzed:_sodium, calcium,v.
~magnesium, panganese, potassium, chloride, sulfate; nitrate, carbonate,
bicarbonate, boron, fluoride, iron, hydroxide, and.phosphate. Measurements
of color, odor, turbidity, total hardness; total alkalinity, electricalk

conductivity and total dissolved residue were also taken.



Information on the physical aspects qf each study site was.coliecﬁed. 
Lengths'and widths of each'pool or pond was meésuféd uéingba trénsect line
calibrated.at 5m intefvals. Pond depths Wéfé meastféd at Simefer
intervals élong ﬁhé'loﬁg axis»of eéth stud& site. Watér_flowrin£o or_pu£'
of each site.was also measuféd whenever_poésible. ZA map of each éiﬁé.
was»draWn noting all emergent and fiparian vggetatidn. The pfesence qf
béth shade‘and cover aré an_extremely important'aspéct;in ﬁbét désef£ ’
'gQQétic habifaté, | |

vBiélbgical aspécts_wéré-determined'by‘saﬁplingbfaru200plénkton;:

benthic invertebrates and aquatic invertebrates using standard methods. An . .~

General tows were taken onlj in'Campgfound Pond and Dove Spring. The

smaller size of the other habitats necessitated using a technique where 5 C o

~ buckets of water (50 liters total) were passed through the same planktdn'

net; All “organisms capfured using both methods were preéef&éd in 10%
formalin. ﬁ “

Benthic invertebrates were sampled.using én Ekﬁan grab. -AllAmaéérial
obtained was then washed through a 0.9 ﬁm screen atlfhe éite.‘ Organismé"
were picked from the screen and preserved in 70% alcohol. quuatié
invertebréteé were sampled with dip nets‘and also preéerved iﬁ alééhol.

Fish were collecte& using either 10Aor 20 fqét‘minnow seines (i/g or
1/4 in. mesh). All fish were measured (standérdiléngth), a smallbnumber.of_
each species were preserved for confirming identificétion, and all other
fish were returned live to the area from which they were collected; .

Results

Afton Canyon

The two ponds studied in Afton Canyon were probably formed in past

times by stream meander of the Mojave River. The water level of each pond

~8 inch diameter net (no. 25 bolting silk) was used to collect plankton.}f;f..~ e



is apparently related to ground water levels. Ohservation of the'banks‘and'
shorelines indlcated thatvwater levels had decreased considerably prior_to
'the'timerf our visit in late July. o |

The Campground ?ond (Figure 1) ls a long; narroulwatervhody'mhichlfdﬁd
abuts the steep north canyon wall approkimately O.SImlles east ofvthel
Bureau of Land Management campground. The surface area of thls.pond covers

1340 square meters (0.3 acres) Mean depth is 85 8 cm (Table 1) The

' western shorel1ne is choked with a dense stand of cattalls (see Figure 1)

Remalnlng shorellne pond vegetatlon includes tamar1sk (Tamarlx spp ) and

 arrow weed (Pluchea serlca). AdJacent mesic vegetatlon con51sts of stands

of reeds (Juncus spp .) and bulrush (DlSthhllS spp )

Water quallty of Campground Pond is good when compared to other most
desert aquatlc hab1tats Wlthout active sprlng flow (Table 2) The pond
supports a_ large population of native and exotlc flshes includlng, green

sunfish (Lepomis cyanellus), black bullhead (Ictalurusvmelas)..and possihly

Mohave chub - Arroyo chub hybrid (Gila orcuttix bicolor).

Water chemistry parameters measured in the f1eld 1nd1cate a sallnity
of 3.6 ppt, a specific conductance of 7,000 umhos/cm, a pH of 8. 15 and a
total alkalinity of 804 ppm (Table 2). Laboratory analysis indicates that
water mineral content is domlnated by ‘sodium, chlorlde and sulfate 1ons,b
with relatlvely hlgh concentrations of both boron and fluorlde, (Table 3)'

" Invertebrate population sanpling also indicated that ‘the Campground

g

"Pond is rich in aquatic life. Zooplankton samples provided an abundance of

rotifers, cladocerans and copepods (Table 4). Benthic invertebrates and
other swimming or epibenthic forms such as amphipods, damselflies and

backswimmers were also numerous (Table 4).
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Table 2. Water Quality Characteristics Obtained by Field Analysis

i . of Potential Mohave Tui Chub Relocation Sites

Location Date Maximum Water Temperature Specific Conductance Salinity ﬁH Carbonate Bicarbonate Total

‘ . ‘ 1984 c) (umhos/cm) (ppt) © (ppm) (ppm) - (ppm)
t Afton Canyon . ) . . - o

i Campground Pond 7/23/84 . 31.0 . ~ 7,000 3.6 . 8.15 80 724 804
i Railroad Pond 7/24/84 34.6 ‘ 149,000 . 12.5  8.80 380 380 1536

Johnson Valley ’ . o . : .
Rattlesnake Spring 8/7/84 27.2 “1,530 . 0.8 7.17 0 50 _ 50

Dove Spring 8/8/84 26.1 ' 780 0.2 9.07 . 23 72 95

Death Valley o . R R » ' :
Owl Hole Spring 10/11/84 ) 21.0 2,580 . : ) 1.4 - B8.40 60 236 296



i

1; Table 3. Water Quality Characteristics Obtained Through Laﬁoratory Analysis of :

i Potential Mohave tui Chub Relocation Sites

% (Laboratory Water Chémistry Analyses performed by Edward SA Babcdck~ahd Sons;»Inés)

]

CATIONS (mg/l) -~  ANIONS (mg/l) - - | OTHER WATER QUALITY MEASUREMENTS (mg/1)

i : :

: AFTON CANYON

. Campground Pond

Sodium - 1850 ~ Chloride - 1300 . " 'Tot. Hard. as CaC0 - 90 .

j Calcium - 26 Sulfate - 1140 : - o . Total Alkalinity - - 990

3 Potassium - = 22 Nitrate =-. 0.02 - s ~~ Elec. Conductivity . = 7780
Magnesium - 6 . . Hydroxide - 0 ST Dissolved Solids - 4700
Boron - 16 Phosphate - 13 - © ...  Color ) . 100 units
Iron - 0.62 Flouride .- 14 .. . 0dor . . . 4 ton
Manganese - 0.14 , - - .+ Turbidity - 5.5 NTU

Railroad Pond _ _ 7
Sodium - 4900 . - Chlbride"? 4289 . - - _'_:Tot.'Hard.Pas“CaCO"-' 200 -
- Caleium - 20 . Sulfate - 2780 ' . .Tot. Alkalinity - 1,440

Potassium - - 80 " Nitrate . = 1 . .-+ -7 .+ Elec. Conductivity - 18,700 -
Magnesium - 36~  Hydroxide - -0 ~ - = .. Dissolved Residue = 12,700 ‘
Boron - 33 Phosphate - .13 =~ .. Color - .- . 100 units

: Iron - 0.07 . Flouride -~ 25 . - , ©0dor oo .32 ton

% Magnesium -  0.02 . - . S .. 0 7¢ 7  Turbidity oo L T NTU

1



“Table 3 (continued)

CATIONS (mg/1) ~ ANTONS (mg/1) _ - OTHER WATER QUALITY MEASUREMENTS (mg/1)

N

LUCERNE VALLEY
Dove Spring

28 . Tot. Hard.'aé_CaCO 193

Sodium - 99 Chloride - -

Calcium - 27 _ Sulfate - 248 : ' : Tot. Alkalinity - 103
~Potassium - 8 Nitrate - 1 : . Elec. Conductivity - 830 -
Magnesium - 30 . Phosphate = 0.5 e Dissolved Solids - 510

Boron - 0.1 Hydroxide - 0 ' : Color : : 10 units
Iron " = 0.05 Flouride - 1.8 : Odor T ' 4 ton
Manganese - 0.01. - . . _ . Turbidity =~ . 0.5 NTU

Rattlesnake Spring

Sodium .= 270 Chloride - 59 : K Tot. Hard. as CaCO - 193
Calcium - 72 . Sulfate - 664 - ' . Tot. Alkalinity - 50
Potassium - 6 Nitrate - - 1 o ] .. ‘Dissolved Residue -1070 =~
Magnesium - 12 Phosphate - 0.4 . . Color S 10 units’
Boron -1 © . Hydroxide - 0 -0dor - .l " 4 ton

Iron -~ 0.08 - Flouride - 7 A -‘.Turbidityifff ... 0.5 NTU -




Table 4: ' Afton Canyon
Aquatic Invertebrates
July 22 - 23, 1984

Campground Pond and Railroéd Pond:

Class Insecta

Order Odonata

‘Order Hemiptera
Family Gerrldae

Order Coleoptera
Family Dystlsc1dae o

- Order Diptera R
Family Tabanidae
Family Chironomidae

" Class Crustacea
Order Amphipoda Lo
Genus Hyallella
Order Cladocera '
Genus Daphina
Order Copepoda S
Genus Cyclops

Rattlesnake Spring:

" Class Insecta
Order Ephemeroptera
~ Order Odonata :
Suborder Anisoptera
Suborder Zygoptera
Genus Enallagma
Genus Coenagrion
Order Hemiptera
" Family Belastomatldaev
Family Notonectidae
Genus Notonecta
‘Family Gerridae
Order Trichoptera
Family lenephllldae
Order Coleoptera
Family Elmidae
Order Diptera ‘
Family Dixidae
Family Chironomidae

Class Crustacea
Order Ostracoda



Table 4 (continued)
Dove Spring:

Class Insecta
Order Ephemeroptera (immature nymph)
Order Odonata
Order Hemiptera :
Genus Notonecta (1mmature)
Order Coleoptera
Family Elmidae

Class Crustacea
Order Ostracoda

Owl Hole Spring:

Class Insecta
' Order Hemiptera
Family Notonectldae
Order Odonta
Suborder Zygptera
Order Coleoptera
Family Dystiscidae
Order Diptera
Family Chironomidae

Class Rotifera
¥ Class Crustacea
. Order Copepoda
Genus Cyclops
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The fish fapma clearly show that a large population ef eeVeral exotic
species have become established in this pohd (Table 5). Mid-summer
extremes id water temperature and dissolved ongen.concehtration apparently
do not'limit either grewth or reproduetion df theee fieh. Data:indicate
that temperatures ranged between 27. 0 C and 23 C. Dlesolved oxygen rahged
between 8.5 ppm (1745 hrs) and 3.0 ppm (0110 hrs) (Figure 2). An
anomolously low disselved oxygen value of 1.9 ppm occurred‘at.1005 hrsh,

~after the pomd was seined for fish.

-Railread Pomd
A secend pond is located one mile to the southeast ef the
: Campground Pond, where the railroad berm has dammed an‘old‘portlon of the
river channel. The Water level of the Railroad Pond on July 24 1984 had
decreased to.a p01nt that it water was clearly an unsultable habltat for
fish. The maximum water tempetature was 34.6 C, the sallnity was 12 5 ppt
and the specific conductance was 149,006 umhos/cm (Table 2). A dec131qm
was made td*contimue the planned waterlchemistry measurements but ﬁhysical
measurements on pond siae and‘depth were not‘made;. The maXimum depth Wasb
less than 50 cm and most areas were less than‘iO cm. A rohgh map of the.
' pond is presented in Figure 3. Burush is present around the bend:ae are a
few small tamarisk trees. |

The diseolﬁed exygen concentration of the Railraad‘Pond mas very low,
and water appeared to be filled with decomposing algae (Figure 4). Noi,

fish and few insects were present (Table 4).

Lucerne Valley

Two seperate ponds were examined on the northern slope of the San
Bernardino Mountains, and south of 01d Woman Springs Road. Dove Spring is
located at an elevation of 4200 feet, 0.5 miles east of Round Mountain and

about 2 miles southeast of 0ld Woman Springs Road. Rattlesnake Spring is
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Table 5. Fish Fauna of Campground Pond, Afton Canyon

Common Name ‘ Scieﬁtific Name

Arroyo Chub ‘ ' Gila orcutti
Black bullhead‘_ :f." Icﬁalurus melaé

‘Green Sunfish‘.> - ‘Lepomié cyanéllus

Number
8

29

23,

Size Range

8.0-9.1 cm
13 0—20 0

. 9. 2—12 5

1. The chubs d1d not resemble Mohave chub but may have some intermedlate

characteristics between both species.
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located about 1.5 miles to the east of Dove Spring in_Rattlesnake Canyon at
an elevation of 3600 feet.
Dove Spring

‘Dove Spring is a pool approximately 50 m long with a mean depth of
71.2 cm (Figure 4). The presence of an outflow pipe in a dam at one end of
the pool yielded a flow rate of 480 liters per hour. The water in this
.pond is relatlvely clear and the bottom was covered with a dense carpet
'-of Stonewart (Chara sp.). Dove Spring has an average w1dth of 19.8 m; a
surface area of 995 o (0.25 acres) and a total volume of 708 m . |

The water in Dove Spring has a low specific conductance (780 umhom/cm)
and a low total alkallnlty (95 mg/l, see.Table 2). Laboratory chemlcal_
analysis reveals the water is very low in most.salts and of excellent
quality when compared to other desert aquatic hahitats (Table 3). Measured
water temperatures over a 24 hour period rangedAbetWeen 17 and‘25 degrees |
celcius; E;ssolved oxygen tanged between 4.8 and 13.4 ppm. |

No fish were present in‘thiS'pond and there was a typical, although
sparse assemblage'of aquatic insects (Table 3). Plankton samples yielded
rotifers and a few copepods (Cyclops sp.)-.

Rattlesnake Spring

This spring is located in Rattlesnake'Canyon just to the west of Dove.
Spring. The spring head was completely surrounded and totally shaded by
cattails szgha spp) (Figure 7). The pool of water was completely filled
with Chara and water is being piped to two adjacent cattle tanks. |

The spring pool had a mean depth of 52.3 cm with a bottom consisting
of a soft ooze of anaercbic mud under the dense submergent vegetation.
Qutflow into the two cattle tanks was measured at 426 liters per hour.

Chemical analysis of Rattlesnake Spring indicated a water of generally
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low mineral and salt content, but with a gpecific conductance about twice’
thét of Dove Spring (Table 3). The total dissdlved residue was also about
2 times as high as Der Spring. Major differences of water quality
characteristics were in the cations sodium and ¢élcium and the anions
chloride and sulfate. The low surface area (44‘m.) and small volume (23 ﬁ )
make this spring the émalleét of the five study sites;

A 24 hour oxygen and temperature analysis providgd extremely low oxygen

levels during the night and early morningvhoursb(Figure 8). Temperatures

“ranged from 19.5 to 26.5 degrees celcius.

- No fish wére present in Rattlesnake épring. A very surprising
finding,vhowever, was the presencé of a largevnumber of aquatic insect
species here when compared to the largernDéve Spriﬁg {Table 35._ No
plankton samples were taken as no open waﬁer habitat‘was‘present.

Owl Hole Spring

Owl Hgle Spring is located at an.élevation.of 1920 feet in the Oﬁlshead
Mountains,'é.B miles southwest of Death Valley National Mongment.

_ The spring is a rectangular pool 28.5 mvid length with an average
width qf 2.9 m (Figure 7). It is associated with a mine and mineral claim
and there are numerous old concrete and wooden structuresbsurrounding the
site. The surface area is 67.8 square ﬁeters and the pool is shallow withb
mean depth of 46.3 cm and with a total volume of énly 31.4 cubic meters.
Outflow was measured as 32 liters per hour.

Water quality characteristics of this spring indicate water of
generally 1owfmineral and salt content (Tables 2 and 3). The specific
conductance was 2580 umhos/cm which is intermediate between the Afton
Canyon and SanBernardino Mountains slope sites. A 24 hour temperature and

oxygen analysis indicated the spring pool had a temperature range from 14.5

to 18.0 C and a dissolved oxygen range from 2.6 to 8.8 ppm (Figure 10).
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San Bernardino County, California

October 12, 1984
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No fish were present in Owl Hole Spring and although many aquatic
insects were present, comparatively few species were represented (Table 3).
Backswimmers and diving beetles were numerous in open water habitats, while

benthic insect larvae included midges and damselflies.

DISCUSSION

In an evaluation of potenfial relocation habitats for the Mohave tui
chub, a number’of factors must Be taken into considefation.‘ From previoﬁs-
étudies.conductea by Vickers (1972), Soltz (1978).ana4Taylo£ (1981);
environmental conditiqns.at Soda Springs can be examined. Recent Wbrk:on
the Mohave tui chub population at Lark Seép on the China Lake Naval Weapons
Center (Feldﬁeth,_et'al; 1984) provides additionél informati§n on habitat
conditions ana oxygen, temperature and salinity tolerance limits for this
endangered species..

From these data it appears that the Mohave tuil chﬁb is not'eXtremely
tolerant %fleither high temperature or high salinity, nor of low 6xygen.
Water temperatures above 35.C and salinities greater than 10 ppt cannot be
tolerated by this fish (McClanahan, et al., in press). Soltz (1978) found
fish died overnight in minnow traps in the dense cattail stand in Lake
Tuendae at Soda Springs. Dissolved oxygen dropped to 1 ppm during the
night in these areas (Soltz, 1978). These physiqlogical tdierance regimés
must be fundamental pbints for cbnsideratidn when attempting to establish
additional chub populations.

In aquatic environments in desert areas, unless there is a continual °’
flow of water, e&aporation will increase salinity above chub tolerance
levels. Temperatures of shallow, non—-flowing waters in low elevations of
the eastern Mohave Desert could easily exceed lethai tolerance levels.

Conversely, shallow pools could become so cold in winter that winter chub



kill is also possible.
In ponds that become densely vegetated with submerged aquatic plants

such as Typha, Ruppia and Chara, dissolved oxygen levels could drop to

potentially lethal levels at night if fish cannot move into surrounding
areas of higher oxygen concentration. Cattail stands are areas that havel
been shown to produce low dissolved oxygen levels; however tﬁese plants .
along with other submerged aquatic vegetation also provides cover and areas
of reduced water temperature, especially important for young fish.

Cattails and‘othér aquatié vegetation also provide substrate for.aquatic

invertebrates which provide food for the chub.

A1l of these féctors need to be considered in é?aluating habitats as
potential relocation sites for the Mohave chub. nEécH poﬁd or spring
studied will be discussed in terms of physical, chemical and biological
parameters; The habitats will then be ranked as to their potential as
refuges for "the chub. A final seétion will examine management

‘recommendations for each habitat.

Campground Pond, Afton Canyon

This pond lies within a portion of the Mojave River wherevsurface flow
is perehnial. The banks of this pond are not breached by floodwaters each
year; however, flooding does occur during years of abundant rainfall.>

Flooding will alter the vegetation around the pond and could also
introduce sediment that would decrease its volume. The long narrow basin
of the pond aépears to have been scoured by water action by the rivef
during the past.

Flooding would also continue to reintroduce other exotic fish species
into the pond. The presence of green sunfish, black bullhead, and a chub

which appears to be the Arroyo chub probably indicates colonization by



floodwaters, although the bullhead and sunfish may have been plénted. Tﬁe
pond chubs were all very similar in size and may represent a dne year class
which was washed into the pond during recent flooding (see Figurezll) .
The bﬁysical conditions of Campgfound Pond are very suitablé fork
maintaining fishes. Pond waters appear to be répleﬁtishedlﬁy thé 1atérai
movement of subsurface river water. A considerablé decrease in.water ievell
’éf the pond ﬁas noted.betwgen early June and late juiy;Howevef,fa‘
éofresponding increasé in ﬁafer Salinityvdid.ndf.occur:’Séeéifigl
Coﬁdﬁctance of 6500 umos/cm was measured in‘early June (Sdip;, field
notes). In late July, fhe specifigvconductance was‘only siightly higher
(7000 umhos/cm; see Table 2).A The depth of fﬂe pond and the.shédé provi&ed.

both by vegetation and the steep canyon wall probably keep the maximum

water temperatures below 34 C. A mékiﬁum water temperaturg of 31 C was
measured on July 23, 1984. |

The ptesence of lérge numbers of zoobléﬁkton, aquafic insects'and'
amphipods p;ovide an abundanﬁ source of fooa for thé fish population. The
Campground Pond was thevonly site studied with any figh preséntf iIts
proximity to‘the BLM campground makes it vulnerable to the introduction of
exotic species..

The Campground Pond provides an excellent habitéﬁbfor tﬁe Mohave tui'
chub. ‘Water salinity is 3.6 ﬁpt, and although bofh boron (16 mg/l) and
fluoride (14 mg/l) are rather high, they do not séem to adversely affecf
e#otic fish fauna of this pond. It was probably in habitats similar go
this that this endangered species sufvived over the preceeding 11,000
years.

The major drawback to its use as a relocation site for the Mohave tui

chub are the threat of introductions of exotic fish by campground visitors,
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and thé "natural” colonization of exotic fishes via floods aldng the Mojave
River.

Another perplexing aspect of this site is the lack of reprdduction of
the chub population. vThere were no young chubs présent at a season when
they ére‘abundant at Soda Springs and Lark Seep, and the_chubs present wefe
all of a single, small adult size class. The lack‘bf sucéessful |
reproduétion could be due to éeveral causes including: 1) iack of .appropriate
subtrate, 2) an ungsuallchemical pafameter that is lefhglﬂﬁo»eggsiaﬁd/or
'fry but not adults, 3) complete egg and/or ffy-bf;dation.by tﬁé.cafﬁivbroﬁs
.sﬁecies in the diverse and abundant invertebrate comﬁuﬁif& iﬁ the pond, and
4) complete predation of year classés as frylor juveniles by the.exotié
predatory fish species in tﬁe pond. Altefnativésvl.and 2.are'c6héidered
unlikely due to the apparent high quality of thé habitafias discuésed‘

above. A combination of 3 and‘4 are the proﬁable'causes of no effective
récruitment in this small chub population which would have a ratﬁéf low
total.reproductive-output. | |

Railroad Pond, Afton Canyon

Railroad Pond can be removed from consideration as a.potentiai'
relocation site becagse of poor water quality. It was apparént fhat the
water level of this pond dropped several feet between May and July.
Chemical analysis reveals a considerable ion_coﬁcenfration had occufred
duriﬁg this time. High levels of sodium,bchloride and sulfate ion make
this site unsuitable for the chub. Dissolved oxygen &roppéd as low as 0.45

. ? .
ppm, a lethal level for most fish species.

This pond appears to form in an old portion of the Mohave River which
was isolated by construction of the railroad berm. Groundwater from the

" river channel and runoff from a small basin sufrounding Railroad Pond

probably serve to fill the pond in the late winter or early spring.
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Subsequent evaporation and lowering of the ground water in the adjacent
river bed cause the water level to substantially decrease in the late
spring and summer months.

Dove Spring, Lucerne Valley

Dove Spring appears to be a rather recently'created poﬁd haBifat: It
occurs in a relatively steep hillside where a shallow basin has been
scééped ouf'and‘a small earth dam construcfed in order‘to‘cfeate a water
'supply for cattle. Another small spring and pool located éboﬁt 100 m fov
the east iﬁdicafes water rises to ;he surfacgvin at least two locatiéns oﬁ
thié otherwise dry, creosote bush scrub covered slope. |

The wat;r in the pond at Dove Spring is relativeiy cléar and the
maximum temperature measured was only 26.1 C even in;August when air
temperatures reached 32.5‘C. .Thé pond supports a consi&eraﬁle amount of
‘aquatic vegetation aﬁd a cattail stand élong~the south shoréliné which would
provide adéguate cover for fish.

Chemically, the water quality is very .good. Low salinity, alkalinity
and sﬁecific conductance.values even in mid-summer indicate that this
habitat remains very much a freshwéter environment all year.

Biologically, the pond does not seem to be very productive. Five
plankton tows were taken with an 8 in. diameter net and yet only a few
copepods (Cyclops) were collected. -Many rotifers were present but they are
probably too small to provide food for chubs._ Aquatic insects'were also
not very prevalent. Only four species of insects were collected indicating
a relatively depauperate fauna in terms of species diversity. Total
standing crop biomass, as indicated by insect numbers sampled, also appears

to be low.

The Dove Spring pond is probably relatively new and the low rate of
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insect colonization in this arid area has not allowed a diverse aquatic
insect fauna to become established. Another possible factor is the low
levels of minerals which would tend to indicate the waters would not be

very productive. By contrést, nearby Rattlesnake Spring which is much

_smaller, supported 11 species of imsects. The water source in Rattlesnake

Spring is higher in overall mineral content and this habitat may be much
older. Another potential drawback to Dove Spring is the fact that winter

water temperatures probably drop as low as 5C and snow is present at this

“elevation ‘after exceptionaily cold winter storms. The Mohave tui chub,

W£ich becomes less active in the winter months in.its present habitét near
the floor of Soda Lake, maf not be able to tolerate thg cold water
temperétures present in'Dove'Spring in winter.

No sign of disturbance by campers or swimmers was preéent? although
the pond‘is readily accessible from a major pa;;d road. Disturbance is a
possibility here but no more so than'any other spring.or pool habitat near

well traveled roads in San Bernardino Coﬁnty.

-

Rattlesnake Spring, Lucerne Valley

Rattlesnake Spring is not a suitablé habitat for Mohaﬁe chubs ét
present. The spring pool is small énd complefely surrounded by a‘dense
stand of cattails (Typha). The open water portion is so entirely filled
with vegétation that almost no area fof fish would be present. Also, low
oxygen levels at night (we meésured 0.7 ppm at 0415 hrs) would certainl& be
lethal to any fish transplanted here. |

The spring produces an outflow similar to Dove Spring, and with some
ma jor altefations it could become suitable as a relocation site for the
chub (see Manégement Recommendations). Although it is located in a small

canyon that might be subject to flooding, it is situated high enough above
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the floér of the Wasﬁ to escape major flood damage.

Both the chemistry of the spring water and fhe biological diversity
and productivity suggest that a viable refugium-could be developed at
Rattlesnake Spring. Disturbances to the spring would mainly be by cattle.
The area is adjacent to a very poor road that it unlikely to be traveled byb
most vehicles.

Owl Hole Spring

This small pool is located just off the gravel.rpad which runs
westward from the south end of Death Valley National Monﬁﬁent.‘

Owl Hole Spring has good water quality characteristics and it is high
. enough in elevation s; that water temperatures probably do not exceed
lethal levels for the chub.

The pond has an insect population that would support a small chub
population. Insect diversity waé not high in ;;rms of species, but the
abundance of insects was grgat; The remote locafion of thisvspring and the
lack of Sther.aquatic habitats in the vieinity, make this spring diffiéult
for flyiné’insects to find and the transfer of aquatic organisms by water
birds is unlikely.

»The only negative aspect of Owl Hole Spring as a potential relocation
habitat of the Mohéve chub is its small area, shallow depths and hence low
volume. Perhaps 50 tp 100 chubs could survive in Owl Hole Spring.

Very little signs of human disturbance were-observed in the area.
Mining activities could be resumed and because the water of the spring
aﬁpears to have been used for some mining process, water drawdown for
mining could be a potential problem. The pond is also somewhat protected

by its location; it is not visible from the nearest road and therefore easy

to bypass.
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Ordinal Ranking of the Prospective Chub Relocation Sites

In order to‘rank the five habitats studied, a numerical rating system
was developed for a series of categories that were analyséd iﬁ this study.
These categories included water chemistry, temperature, oxygen, food, habitat
(cover, pond depth, etc), and disturbance (flooding, human orrpredatofs).

A value of "5” indicates the best possible habitat conditions for the Mohave
tui éhub,vwhile a value of "1" would indicate the leastvsgitéble or'yery
- poorest habitat quality. | | )
" - The following numerical scoring for the various habitats takes the.

above factors or characteristics into account:

Campground Railroad Dove Rattlesnake Owl Hole

Chemistry 3 1 s 4 4
Temperature 3 _ 1 3 3 4
Oxygen | 4 1 5 i _ 5
fng : 5 3 2 _ 3 4
Habitat 4 . 1 3 1 A
Disturbance 2 4 ﬁ; 4 4

" Mean Values 3.5 1.8 3.7 2.7 4.2

From the above table it appears thét the ordinal ranking for the
habitats we examined as potential relocation sites for the Mohave tui chﬁb
would be Owl Hole Spring, Dove Spring, Campground Pond, Rattlesnake épring
and Railroad Pond. Of the five habitats, Rattlesnake Spring ahd Railroad
Pond are unsuitable in ‘their present form. Improvements, mentioned in the
following section, to Rattlesnake Spring could make it a viable refugium _
but Railroad Pond should be eliminated from any future consideration as a

fish habitat.
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Owl Hole and Dove Springs are.both 1ikely candidates for an
introduction of chubs without any habitat modification or study. Owl Hole
Spring will not support a large population of chubs but 50 to 100 fish
could be introducéd there at any time. Dove Spring, is a more suitable
habitat in terms of habitatv(size, depth, cover) but_has far fewer aquatic
invertebrates and hence it scores lower in terms of food. It also méy be
too cool for fhe chubs and so it has a lower value for temperature than Owl

Hole Spring.

RN

‘Management Recommendations
Although it was ranked third, Campground Pond could provide habitaf
for establishing a population of the Mohave tui chub if certain maﬁagement
measures were adopted. Exotic fishes would have to Be removed from the
pond through poisoning. Some procedure to protect the pond from
encroachment of floodwaters in the Mojave River.would be required. A
breach in the river bank immediately upstream from Campground Pond could bev
closed‘wzth crib—cage.dr rip—rap to prevent the reestablishment of exotic
fishes from the Mojave River syétem through flooding. A 50-year flood;
however, would probably overwhelm any constructed‘barrier. This would not

preclude the introduction of fishes such as bass, sunfish and catfish by

" the public, but it is unlikely that they would introduce the arroyo chub

(Gila orcutti). With the potential of hybridizétion removed from
Campground Pond, the Mohave tui chub may do very well here, assuming the
water table is not altered.
A modification of the Mojave Forks Dam (Army Corps of Engineers
Information éulletin, July 1984) has been proposed. The dam is on the
“Mojave River, just downstream from the junction of Deep Creek and the West
Fork of the Mojave River, 14 miles upstream of Victorville. The Army Corps

of Engineers is presently studying a plan to install a gate on the dam for
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water conservation purposes. This will alter the water regime in Afton
Canyon and thus reduce the water available to Campground Pond. If water
flow to the lower Mohave River is restricted by alterations to the Mojave

River Dam, Campground Pond should not be considered as a relocation site

for the Mohave tui chub.

| Rattlesnake Spring would need to be physically altered by a mechanical

effort that probably would involve excavation with a back-hoe. The Spring
éould be enlarged to form a pool of about 5001$!(aboutAthe half éizé of
Dove Sbring). A float valve would also have to be installéd i; thei
existing troughs to provide.for continued cattle use while minimizing water
diversion from the spring source. The water supply and éhemistry would
probably allow for a good habitat to be constructed at Rattlesnake Spring.
The access road to the site is very rough and some alterations would be
required to get equipment to the spring. |

Cattle use the area extensively and their continued use of this area
as a watér source may take some additional managemént. Perhaps a cattle
watering area could continue to be present downstream from the newly
created pool habitét. The péol would have to be deep enough (greater than
4 feet) to prevent the encroachment of cattails. The présent spring head.
is fenced to keep cattle out, but as a result of removing grazing pressures
the cattails have almost totally filled this habitat.

As stated earlier, no ménagement recémmendations are needed for either
Owl Hole Spring or Dove Spring. They are suitable at present for the

introduction of Mohave chub. The cold winter temperatures at Dove Spring

should preclude any transplant attempts during the winter months.
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CONCLUSIONS

Of the five sites examined as potential relocation habitats for the

endangered Mohave tul chub (Gila bicolér mohavensis), two appear suitable
for introduction at this time. Both Owl Hole Spring; in the Owlshead
Mountains just west of Dealth Valley National Monument and Dove Spring, on
the eastern Slope of the San Bernardino Mountains in Lucerﬁ Valle& appear to
be good potential relocation sites for the chub.

Water chemistry parameters, temperature, dissolvgd oxygen levels,
and biological factors all are favoréble for the chub. Both\habitats are
not used fér recreational purposes and hence human disturbances would be
ﬁinimal. Both are accessible by road and no problems with the transport or
relocation of fish would exist.

Campground Pond in Afton Canyon was ranked third in terms of
suitability. Removal of exotic fishes and the ;lteration of the river
channel to provide flood protection would have to take place before this
pond coufd;be used as a refugia. |

Rattlesnake Spring would need more major modification, as the existing
spring pool is too small and choked with vegetation at present. There is .
good potential here, however, for é chub habitat in terms of water supply
and quality. | |

Railroéd Pond in Afton Canyon is unsuitable.as a fish habitat in terms
of water quality and habitat. This ponds becoﬁes quite stagnant during the
summer months and the volume decreases with evaporation. We do not
consider this as viable fish habitat and no future management efforts here
are recommended.

Any refuge site will require periodic vegetation removal and dredging
of sediments such as has occurred at Soda Springs, to maintain an afea of

open water of sufficient volume and quality to maintain a viable chub

18



population. The cost of such habitat maintenance should be estimated and

included in any cost analysis of establish refugia.

19



REFERENCES

Feldmeth, C.R., D.L. Soltz and L. McClanahan. 1984. A natural resources
survey of the Lark Seep System with special emphasis on the endangered
Mohave tui chub. Draft report. U.S. Navy. China Lake Naval Weapons
Center. 89 pp.

Hoover, F. and J. St. Amant. 1983. Results of Mohave tui chub, Gila
biocolor mohavensis, relocation in California and Nevada. California
Department of Fish and Game. 69: 57:307-308.

Hubbs, C.L. and R.R. Miller. 1943. Mass hybridization of two general of
cyprinid fishes in the Mohave Desert, California. Paps. Michigan
Acad. Arts. Letts. 28:343-378.

St. Amant, J.A. and S. Sasaki. 1971. Progress report on reestablishment of
the Mohave chub, Gila mohavensis (Snyderi), an endangered species.
California Department of Fish and Game. 57: 307-308.

" U.S. Army Corps of Engineers. 1984. Study of potential changes to the

Mohave River Dam for Water Conservation. Information Bulletin. 10 pp.



