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ALGAL FLORA OF SELECTED HANGING GARDENS

by
" Richard L. Clark

In the fall of 1972, algae from five selected hanging gardens
in the Lake Powell-Glen Canyon area were collected and identified.
The hanging gardens of the area are the result of the appear-

_ ancerf watéf;on an exposed sandstone surface. This water seeps
down through the Navajo Sandstone until it comes in contact with an
impervious layer. The presence of the impervious layer produces an
accumulatioﬁ of water which is released whefever the sandstone out-
croés. On this "drip line" or "drip wall', as it will be called in
this paper, various species of blue green algae, grgén algae, and
diatoms grow in an interesting ecological relationship on the Navajo
substrate. The purpose of this study was to establish fhe algal
floristics of the drip wall, the plunge basins, the runoff streams,
and adjoining features of the Glen Canyon hanging gardens.

Studies of this type are unique to Utah. Interestingly enough
no record of investigation of hanging garden algal flora exists in
the state's volumes of scientific literature. Most Af the algal
studies in the state have been investigations of lentic water systems
(1akes and ponds). Norrington (1925) studied the algae in certain
moqptéin lakes, as well as some streams, of the Wasatch and Uinta
Ranges. In 1931; Snow reported the algae she had found in Utah Lake.
Ruth Patrick of the Academy of Natural Sciences of Philadelphia in

1936 reported her observations of the diatom flora of the Great Salt

Lake. Piranian (1937) has made a preliminary study of the plankton
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present at the Béggsﬁiver Bird Refuge. Chatwin in 1956 investigated
the vertical distribution of plankters in Deer Creek Reservoir. Clark
(1956) in an analysis of plankton counting procedures made some
observations: of the algal flora of Bear Lake. Harding (1970-71) added
to our knowledge of the algae of Utah Lake.

'K”CéUple.of good stream studies have been completed in the state.
'Ciark—in 1968 compiled a reliable periphytic flora of the Logan River.
‘He called the'glgae he observed 'phytoplankton", but most of what
he -observed was dislodged bottom organisms. Squires (1972) in his
5¢ompréhénsive:ecqlbgical stﬁdy of the algae of Hunington Canyon, Utah
féiépared'a-specieé list of the algae of that river system.

* * Coombs (1964) iooked at a number of aquatic enviromments in the
iﬁééférﬁvUinta Mountains and reported algal species he ébserved there.
:"’511Flowers.10§ked at the vegetation of Glen Canyon in‘a 1959
:*pépéf;lfﬂis étudy.was preliminary-to the filling of Lake Powell be-
5'hind Glen CanyonuDam. Thqugh some algae species are reported, no

mention-is made of the algae present in the hanging gardens of the

areait - - LTIl

"Dz, Flowers has prepared two student manuals for the identifica-

*ition of algae, “'Common Algae of Utah'" and "The Blue Green Algae of

Rznfgst hdve béén seen someplace in the state.
fuch ;ﬁiThélabdve;description of algal studies in the state is not
¢>exhaustive. :Other studies have been carried on, but these investi-

~eigations: mentioned have at least a few species in common with those

found in the hanging gardens of Glen Canyon. So many studies list
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algal taxa without species epithets. Though technically this is
permissable, the practice does not adequately communicate the speci-

men type that existed at the collection site.

Methods
Algae were collected from the drip walls, plunge basins, runoff

streams and their confluences with Lake Powell, and adjoining areas

of the gardens including (1) Step Garden (33a), (2) Pool Garden (33c),

(3) Three Garden (33d), (4) Ribbon Garden (33b), and (5) Death Cémas
Garden. Primary collections were secured on November 2, 1972.
Additional collections were taken two days later on November &4, 1972
and a month earlier, October 5, 1972, Three Garden was sampled.

All samples were preserved in formalin and returned to the
Iaborétory at Brigham Young Univers;ty at Provo, Utah.

Temporary microscopic slides were prepared of the preserved
material, Blue green‘algae and green algae were identified to species.
A crude estimate of abundance was noted., If a species was likely to
be present in any given microscopic field, it was recorded as being
"abundant' symbolized in the study as (A). If it could be found
eésily,~though not always present in a given field, the species was
designated fcommon" and symbolized (C). On the other hand, if the
species had to be‘extensively searched for, if was designated as
v"rare" {(R) in abundance.

Diatoms were cleaned by boiling collected material in sulfuric
' acid briefly.' Potassium dichromate was then added to the diatom-acid

solution was washed from the cleaned diatoms with water. Diatoms were

separated from the acid solution by centrification. Cleaned diatoms
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¢-i:-weve allowed to dry on microscopic cover glasses and then were mounted

- == -4im hyrax mounting media.. These permanent slides were observed, the
©:T “diatom species identified, and their relative abundance recorded in
the same manner as indicated above for the blue green and green algae.

Once a species list had been produced for the hanging gardens,

the literature was searched for other reports of the same species

found in the gardens. In this way a rough sketch of distribution in

_the state of Utah was established for each species encountered in the

gardens. Distribution maps for each taxon found in the Glen Canyon

gardens were prepared for both state of Utah and for the Lake Powell

area. .
sllosEmnles veTe ?TESZ??EflL‘ Results
lz 7+~ 7 'The following list of species was identified from among the algal

flbra:OI'theihanging~g&fdéns:

:*-"T, Dfvision Clorophyta
L IT.it tx 7-‘Class Chlorophyceae
1. Order Tetrasporales
- =% °7 a,; Family Palmellaceae
Palmella miniata Leiblein

TTii 72, - Order Chaetophorales
a. Family Trentepohliaceae
€2il.0. YT.-sn BTL --'Frentepohlia? aurea (L.) Martius
Siiinitic =37 -'Order Zygnematales
_a., Family Zygnematales
STEIiEE SSste of S Zpirogyra fluviatilis? Hilse

4 b. Family Desmidiaceae
</ =T @0VRCinCosmarium botrytis Menegh.
Cosmarium cucumis Corda.
*-*Cosmarium meneghinii var. concinnum Rob.
Staurastrum trihedrale Wolle

<

s:--FI:" Division Chrystophyta

A. Class Bacillariophyceae ‘ o )
* 1. Order Pennales C o
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Fémily Fragilariaceae

Diatoma
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vulgare var. linearis V.H.

Synedra

acus Kutz.

Synedra

amphicephala Kiitz.

Synedra

rumpens var.

Synedra

fragilaroides Grun.

ulna (Nitz.) Ehr.

Family Achnanthaceae

Achnanthes flexella (Kutz.) Brun

~ Achnanthes microcephala (Kutz ) Grun.

Achnanthes minutissima Kutz

Cocconeis placentula var. euglypta (Ehr. ) Cl.

Family Naviculaceae

Anomoeoneis exilis form lanceolata (Kﬁtz.) Cl.

Anomoeoneis vitrea (Grun.) Ross comb nov.

Caloneis bacillaris var.

Mastogloia smithii var.

Navicula

thermalis (Grumn.) Cl.
lacustris Grun.

cryptocephala Kutz.

Navicula

mutica var.

Navicula

cohnii (Hilse) Grun.

pupula var. ca21tata Skv. & Meyer

Navicula

radiosa Kilitz.

Navicula

var. radiosa

radiosa var. tenella (Breb.) Grun.

Navicula

tripunctata var.

Pinnular

Pinnulari

Pinnular

ia sp.?
ia sp.?
ia sp.?

Gomphonema sp.

Gomphonema intricatum Kiitz.

Family Gomphonemataceae

Gomphonema lanceolatum Ehr.

Gomphonema olivaceum (Lyng.) Kutz.

Gomphonema parvulum (Kutz.) Grun.

Family Cymbellaceae

Cymbella cistula (Hemp.) Grun.

Cymbella

hebridica (Greg.) Grun.

Cumbella

microcephala Grun.

Cymbella

-Cymbella norvegica Grunow

naviculiformis Auer.

ngbella
ngbella

Cymbella

sp. 1
sp. 2

incerta Grunow

Family Epithemiaceae

Denticula elegans Kutz.

- Rhopalodia gibba (Ehr.) O. Mull,
~ Family Nitzschiaceae

Hantzschia amphioxys (Ehr.) Grun.

Nitzschia amphibia Grun.

Nitzschia palea (Kutz.) Smith

Division Cyanophyta

A.

Class MYxophyceae

1.

a sp.?

.Order Chroococcales

schizonemoides (V.H.) Patr.

Y

*
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a. Family Chroococcaceae
Chroococcus turgidus (Kutz.) Naegeli
Gloeocapsa nigrescens Naegeli
Glosocapsa rupestris Kutz.
- Gloeothece rupestris (Lyngb.) Bornet
2. Order Oscillatoraceae
. a, Family Oscillatoraceae
Lyngbya contorta? Lemmermann
Oscillatoria agardii Gomont
"'3. Order Nostocales
-a. Nostocaceae SR
~ Anabaena? oscillariodes Bory
- Nostoc muscorum Agarh.
"~ Nostoc paludosum Kiutz.
~ b, Family Scytonemataceae
- Scytonema alatum (Carm.) Borzi
- Scytonema myochrous (Dillw.) Agardh.

A Key to the Classes of Algae Found
in the Glen Canyon Hanging Gardens

- 1. Cells with the photosynthetic pigments dispersed through the proto-
- plasm, chloroplasts lacking, often blue-green, but may be yellow
to brown -=e-ce--cw-- --~-CYANOPHYCEAE (blue green algae)

L. Cells with the photosynthetic pigments collected in chloroplasts,
green, yellow, or orange but seldom blue-green in color ------ (2)

- 2, Plants reacting positively to iodine-starch test, chloro-
- plast often grass green in color (exception: Palmella
- miniata's chloroplast is brick orange.,) =-=-==--=-=oc-c---
-------------------- CHLOROPHYCEAE (green algae)

| - 2. -Plants reacting negatively to iodine-starch test, most
often chloroplast is orange to gold in color --=<-c=-=-----
------------------- BACILLARIOPHYCEAE (diatoms)

‘Chlorophyceae - The Green Algae

The chlorophyte algae have chloroplasts that have both chlorophyll

a and chloropﬁyll b present. Starch is the common food reserve material.

A Key to the Genera of Chlorophyceae (Green Algae)
in the Glen Canyon Hanging Gardens

1. Cells in filaments ------------------------------------ et (2)
1. Cells not in filamentS-~--=--e-ececcceeccecceccceccc e e e e -(3)

2, Chibroplast with 2 or more spiral bands---Spirogyra
(one species present, Spirogyra fluviatilis Hilse)

A S e

e B M e S S
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SPECIES THREE STEP POOL RIBBON D. CAMAS [E
GARDEN GARDEN GARDEN GARDEN GARDEN

[Palmella miniata C A C '
Trentephlia aurea ]
Spirogyra fluviatilis c ‘ c SRS
Cosmarium botrytis R ' E
Cosmarium cucumis ' : C B )
Cosmarium meneghinii R R R E
Staurastrum trihedrale R i ;

{

h)iatoma vulgai‘e

Synedra acus A%
ynedra amphicephala C A
’ ISynedra rumpens R I .
Synedra ulna . R* C ,
JAchnanthes flexella c C A C I
jAchnanthes microcephala R C _
[Achnanthes minutissima __ R A% A% R R R l
Cocconeis placentula : R R
oeoneis exilis R v l
omoeoneis vitrea C C A C -
Caloneis bacillaris ' R¥* ' l
Mastogloia smithii C C —
avicula cryptocephala C* R C ‘ k C
Llavicula mutica R¥* R ml
havicula pupula R* R L ) i
Llavicula radiosa ' R* I
[Navicula radisoa tenella C* Lw
Elaw}icula tripunctata R¥* R I
&innularia ' R L -
lPim:mlaria : R* J
IPinnularia : R* -
Gomphonema sp. ) R C [
Gomphonema intricatum C* -
L

Fig. 24. Distribution and relative abundance of algae in hanging gardens,
(A, abundant; C, common; R, rare). :
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g SPECIES ____ THREE STEP POOL RIBBON D. CAMAS
T - .GARDEN GARDEN GARDEN GARDEN GARDEN

—jGomphonema_lanceolatum _ R¥*
- |Gomphonema olivaccum_ C¥
-~ JCymbella cistula A%
z-lGymbella hebridica C
__ICymbella microcephala A A% Cie A A A C ¢
;;_v,;ﬁgymbella Sp. e C
- {Cymbella naviculiformis _ R¥
Zileymbella sp, .. . CR% C A A R
--4Cymbella 2 - . ... _ c
Soleymbella 2. . C A
= "lbeaticula clegans C_ R A C C C
—~|Rhepalodia gibba _____ c*
:~|Hantzschi amamp‘hioxy s._____ Rx R
_:INitzschia palea R R
+:7Nitzschia amphibia-~ ~  R¥ '
s Nitzschiasp. . = R*
—-‘|Chroococcus ~ turgidus C C C C g
-~ [Gloeocapsa nigrescens C C C 3
-~ IGloeocapsa rupestris A R C c
~.--lGloeothece rupestris A C C s
L. [Lyngbya contorta C A C C C !
Mq(!)sc'_i_llatoria» agardii R
- |Anabaena oscillariodes R R R R R
I |Nostoc muscorum A A
"z INostoc paludosum - R C

“|Scytonema alatum A C C
o chi:onema myochrous ‘A A A A A

ii:ik;i:ﬁzﬂrécted“inmﬁf*strem at Three Garden
Ti-%% gollected at the confluence of Three Garden stream with Lake Powell

VoI TTOnED: L ITLIoIUT
Al
¢ e T
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2, Chloroplast, a patletal plate ------- Trentepohlla

3. Protoplast embedded in extracellular gelatinous sheath, often
,merged into a COMMON MAtTiX=em==-rcm-cc-cmcmcacaea- Palmella
*-fone—spe01es-present-wPalmellammlnzata~Lezbietn)

T

3 Protoplast not embedded in extracellular gelatinous sheath----(4)

.- 4. Semicells trlangular in outline-=~-===- -Staurastrum
(one species present Staurastrum trihedrale Wolle)

T .:4. Semicells hemlspherlcal, often aplcally truncate,vln -
outllne ---------------------------------- Cosmarium,

" spirogyra fluviatilis 7 Hilse

Description--Vegetative cells with plane end walls, width 32-36 p,

length-160~180 p*fratto*l*~‘5~6)' chloroplasts three, making 3 - to— ———

4 turns ln each cell- conjugatlon sclariform, tubes formed by both

,,,,,,

: 0V01ﬂ””¢7‘35 p X“68—tle"p—with“median“sporE’wall“brown, corrugate,‘or“‘“w

'nflnely wrlnkled (descrlptzon of sexual structure after Tlffany, 1952

Pl iSQX- This identity was found in standlng‘water attached to_the

sanﬂstouewsubstratE'Uf“a'ptungE'basrn*at”Step'Garden. ~It wasTalso T

present 1n running water on the complex wall at Death Camas Garden.

~ Discussion--Fruiting material was not collected., For this reason_

- posr%EVE‘rdentrfrcatron“cf*themspECIES“fS‘drfffcult:”‘Vegetative*‘“”““*—~

characterlstlcs do coincide with those provided by most descrlptlons

e B

Trentepohlia7 aurea (L ) Martlus

wve ~- . - Eial- b

Tloltliewl T T PN

Descrrptlon‘-Plant mass yellow-green~ fllaments:sparlngly branched; - “--

cells somewhat 1nflated with smooth walls, 10-13 p in diameter, 30-50

,,fT - PO

p in length gametangla globular, lateral on the branches, or termlnal
20-38 p in diameter; sporangia usually terminal on curved cells, about

the same size as the gametangia. (Description of sexual structure

o Y e B
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after Prescott 1962. p. 134). The drip wall at Step Garden produced

... light green patches of this algae. It was also noted in small amounts

1;;iﬁ;§héiThree Garden drip wall collection.

imiDisqussion--Sexual structures were not definately~identified on our
5pqqimen, ‘Prescott (1962, p. 134) says this plant often appears
:usty;fédrto orange from the presence of cellular haematochrome.

Pglmeiia‘miniata which was in association with Trentepohlia aurea

demonstrated this exact property. Our specimens of this taxon were

e

~fiot brick red as were the chloroplasts of Palmella, rather they appear-

-'éJ;Iiéﬂt}éreen under the microscope and yellow-green on the drip wall.

353

....Palmella miniata Leiblein

- .- Description--Cells ellipsoidal, embedded in copius mucilage thus forming

... - amoxphous colonies, with an individual cell sheath; chloroplast cup-

- shaped, with a single basal pyrenoid, brick red from presence of

- - haematochrome. This species was relatively abundant in all gardens on

.. the drip wall except Pool Garden and Death Camas Garden. No specimen

. .were found at either of these two sites.

-. ... Discussion--Our collections showed plants that were much more ellipsoidal

-.... than those illustrated by Tiffany (1952, p. 23), The chloroplasts in

R

_..our cells were quite irregular, and yet their cup-like properties were

evident. This taxon when colonial was in association with Lyngbya

.Staurastrum trihedrale Wolle

<

;. Description--Cells small, punctate-granulate, length 35-49 p, diameter
:25-30 p;.semicells in front view and in end view triangular, angles

rounded, sides slightly concave; sinus narrow, linear. Step Garden's

-
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drip wall was the only place this species was obsefved. '
Discussion--Wolle's original description indicates the sides of the
semice}ls of this desmid are concave. Our specimen do not appear
distinctly concave. In fact, some individuals might Be described as
having convex sides. Because of the size and basic morphology sim-
ilarities in other respects, we feel justified in assigning our specimen

to this taxon,
The Genus Cosmarium

Key to Species

1. Cells less than 15 u in diameter-=-==c-ccccccnccarcmccccccccracanaan

[, e ——————— Cosmarium meneghinii var. concinnum
-1, Cells more than 20 u in diémeter el ccec e (2)
2. Cells with rounded ends-===w=v--- Cosmarium cucﬁmis
2. Cells with truncate ends-~e-=---- Cosmarium botrytis

Cosmarium meneghinii var. concinnum Rob.

'Description--Cells 1-1% times as long as wide, 9-12 P ié diameter,
14-16 p long, with angles truncate; constriction formé a narrow sinus;
- semicells subquadrate; sides diagonally rounded; chloroplasts one in
each semicell, This'desmid was an occasional find on the .drip wall
in all gardens exéept Ribbon Garden. o
Discussion--Wolle (1892, p. 70-71) mentions that this desmid has a wide
variation in morphology and appears to have a wide distribution. Our
specimen arebmore‘rhombic than those illustrated by Wolle. His semi-
cells afe almosﬁ rectangular. He does point out, however, that varia-
tioné do occur from rounded to diagonally truncate. We noted little

variation within our collection.

-

!
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cr.:Cosmarium botrytis Menegh.- s i e

c.::Description--Cells 1-2 times as long as broad, 45-55 p in diameter,
55¢;6Q120.F‘long, constriction forms a narrow sinus; semicells with nearly

raight base, crenulate; sides converging from the inferior rounded

- e LM

-. -.end :to the subtruncate end, slightly convex. This species was re-

;Biscqgs;on--Our specimen differ from Wolle's description in that the

ends are subtruncate; Wolle calls for truncate ends. In other respects

there is agreement.

Cosmarium cucumis Corda.

—Descrlptlon--Cells ovate, nearly twice as long as wide, ‘length 55-56 B>

width-25-35 p; ends broadly rounded; constriction linear, isthmus

about one-third the diameter of the cell, chlorophyll covering the
inside of the walls of the cell. . -This-desmid was collected at Death

Camas Garden. It was not particularly abundant, but could not be

con51dered rare. 0

Discu531on--0ur spec1men were somewhat smaller than WOlle s descrlptlon

allows. However in a footnote WOlle p01nts out "forms are found of

much smaller dlmen51ons.......down to a dlameter of 15 p are not rare",

- ... rzri:- A Key to ‘the Genera of Bacillariophyceae (Diatoms)
in the Glen Canyon Hang1ng Gardens

cssuesio el L - - TITTLTT B N PR

L. Frustules w1th pseudoraphe on both upper and lower valves -------- (2)

srizrtion ieo- _—— - ,‘_., B - B

1 Frustules w1th raphe on at least the 1ower valve, often present on
sz :: - hoth valves—==-===-= e e ee e ———————— R et B (3)

cells z7< o 2. Valve with both transverse striae and costae-Diatoma
(one species present, Diatoma vulgare var. linearis)

2. Valve with transverse striae but no costae--Synedra

4

s
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3. Raphe present on lower valve only-=--=-cescmccccmcaicmmmaccaaaaa. (&)
3. Raphe present on both upper and lower valveS==-=m=-mmmeecmcacacas (5)

4. Valve bent or curved on the transapical (longitudinal) axis
usually lanceolate in shape---=-=ecee--- Achnanthes

4. Valve bent or curved on the transverse axis, usually ovoid

~ in shape---~==-ccccececmecmc e Cocconeis
. (one species present, Cocconeis placentula var. euglypta)

5. Raphe located in or nmear an excentric keel next to one lateral
margin of the valve---=-=-cceccccccmccccc e ee -=(6)

5. Raphe located near the transapical midline of the valve, no keel
TS e e L L P P TP (7)

6. Upper and lower valve keel on the same side of the keel--

---------------------------------------- Hantzschia
(one species present, Hantzschia amphioxys)

6. Upper‘valve keel on opposite side of frustule from lower

valve keel-~eme-ccccccaaamccccccccccaaaa Nitzschia
i. Valve asymmetrical at the transapical axis-=---- ngbeila
7;. Valve symmetrical at the i:ransapical axig~e-m=eema- S (8)
| 8. Valve asymmetrical at the transverse aXi§mmmmmmmm——————
--------------- m=e=es-ec-e---=--e-----Gomphonema
8. Valve Symmetrical at the transverse axiS-=--eee-ceceec-- (9)
9. Frustules iﬁternally septate---escmmmmecacacaaa- Mastogloia
9. Frustules not internally septate------=emeccccccmccmccccccncaax (10)
| 10. Blank spaces in striae forming longitudinal zigzag pattern
on the frustule---=---==ceccccca-ca- Anomoeoneis
10, Striae with no such blank spaces on the fruétule ------- (1)
11. Val&e with smooth transverse costae-----«-cec-cw=- Pinnularia

11. Valve with transverse striae or rows of puncta----Navicula

Bacillariophyceae - The Diatoms
These chrysophyte algae have chloroplasts that have both chloro-
phyll a and phlorbphyll ¢ present., Oils are the common food reserve

material. A ‘silcified cell wall is typical of the group.
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Note the follow1ng two diatoms have not been intluded- in- the- key=z- - -

AP

' 1.:ﬁeﬁfiéhla elegans’Kﬁtz; e R -

2. Rhopalodia gibba (Ehr.) 0. Mll. foLimiitiiiniloam

Note for a Navicula-like diatom with broad rounde&uends see Caloneis
bacillaris-var. thermalis (Grun.) A.EL. ‘ :

Descr1pt1on--Valve 11near, with rounded apices, Iength 44 75- p;-w1dth

v7¥i0}p, strlae about 16 1n 10 ps costa 1rregularly placed 5 8 in 10

| pseudoraphe narrow, 1ndlst1nct. Thls dlatom was collected from the

drip wall at Step Garden. lt s occurrence was low.. .

Discussion--Our specimen agrees completely w1th Patrlck’s descrlptlon

(1966, p. 111) of the taxon. Two interesting ques;19n§~;§15ed here

1n the wall at all?‘ Patrick says this diatom "prefers cool, flowing

o - ;M
.................

1d Valve linear-lanceolate to lanceolate, not capitate at the poles
-"----""---"-------—------------“""‘-::::;;‘-&L"_.‘,_'.‘.::::: -------- (2)

Zite gottr em~oe o

2. Striae opp051te-?-?¥-:?-;~-¢--;ebiLl;l%:i;;:::: -------- (3)

2. Strlae»alternate---Synedra rumpens var. fragllar01des

3. Valve. lanceolate, central area longer than w1de--Synedra acus

~+~---3, Valve linear-lanceolate, gently attenuated, central area missing

OT NEar SQUAle=======-----cmcccccccccecmccmcnean Synedra ulna

BRI I RTINS S

o
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Synedra amphicephala Kiitz.

Description--Valve linear to linear-lanceolaﬁe, with capitate apices,
lgﬁgth 20-75 p, width 3-4 p; striae 11-16 in 10 P; Ppseudoraphe narrow,
gentral area lacking. This diatom was found quite commonly in Death
Camas Garden, but only there.

Discussion--This diatom is rectang@lar in girdle view. Though it was
not extremely easy to f1nd a representative in the Death Camas Garden
collectlon, still it appeared fairly often. Patrick points that this
taxon has a wide distribution and seems to be able to tolerate a

number of different ecological situationms. S

Synedra rumpens var. fragilaroides Grun.

Description--Valve linear to linear-lanceolate, somewhat swollenAat
midvalve, attenuate, with rostrate apices, length 40-75 p,:width 3-5
B3 striae 10-12 in 10 P alternate with each other; pseudoraphe |
distinct, becoming slightly wider toward the central area; central
area longer than Broad (it may be swollen). One speciman of this
faxoﬁ was observed in Death Camas Garden.,

Discussion--Our specimen was particularly short, and the central area
was located in the center of the valve. This would make one believe
that it was perhaps misformed in someway. Patrick says that the taxon
is.often found in waterfalls, brooks, and springs. The water runs off
Death‘Cagas Garden in a bit of a waterfall. Still thg low incidence
of the diatom would indicate that is not completely suited to the hang-

ing gardens.

.
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Synedra acus Kitz.

Description--Valve lanceolate, tapering to rounded to slightly capitate

ends, length 90-180 p, width 4-6 p; striae parallel, 11-14 in 10 p;

_ pseudoraphe narrow, becoming a little wider toward the central area;

)

ALt
entral area distinct, a little longer than broad. Synedra acus was

i

e &

f

c

the prominent alga in the runoff stream at Three Garden.

Discussion--Patrick points out that again this species has an apparent
wide distribution.

One wonders why the diatom does so well in the stream but was not found

It seems to do best in water of medium hardnmess.

at all on the Three Garden wall or at the confluence of the stream

I---with Lake Powell.

s

£

in

iﬁédra ulna (Nitz.) Ehr.

! . z

eécription--Valve linear, very gradually attenuated to the rostrate

< -

iéﬁﬁded poles, length 60-100 p, width 5-8 p; striae parallel, 9-11 in

10 p; pseudoraphe narrow, widening toward the center; central area

LN S

no

6ﬁr specimen. Like S. amphicephala and S. rumpens var. fragilaroides

this taxon was found in Death Camas Garden. Its incidence was higher

t much longer than broad, often almost square, missihg in many of

wes LT
there than its two relatives. It was rare in the Three Garden Stream.

_Discussion--Synedra ulna is probably one of the most widespread diatoms.

It is reported often from a number of habitats from lentic to lotic

o Lo

2 oo
whlz, Qo2

we have the nominate variety here.

. Achnanthes flexella (Kiutz.) Brun. var. flexella

Description--Valve arched and somewhat twisted, elliptical, with ends
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quite arcuate, but rounded, length 45-55 p, width 20-25 o raphe valve

- with narrow diagonally sigmoid raphe, proximal ends of the raphe small
bulbous yet well within the central area, distal ends of the raphe

}terminating on opposite sides of the valve; striae radiate throughout,
slightly wider and less numerous in the middle portion, punctate;

- pseudoraphe valve with large rectangular central area. A. flexella
was either common ‘or abundant in the drip wall of all gardens except
Threé Garden. It was not observed in material collected there.
Discussion--This diatom was one of the largest and most conspicuous
in the study. The interesting thing about that is that most
Achnanﬁhes collected in the streams of the Mountain West are extremely
small., Our description agrees with that of Patrick with the possible
exception thét our specimen were more elleptical than her drawing

|
would indicate,

Achnanthes microcephala (Kitz.) Grun.

Description--Valve linear-lanceolate with capitate ends, length
10-20 p, width 2-3 p; Raphe valve with narrow linear axial area,

and variable central area; raphe filiform; striae slightly radiate,
becoming more numeréus toward the poles; pseudoraphe with narrow,
linear pseuddraphe, central area lackingé striae 28 in 10 p at the
center becoming more nﬁmerous at the poles. This taxon was commonly
found in collections from Death Camas Garden. It was fare in Pool
Garden.

Discussion--It is easy to confuse this diatom with A. minutissima.
Both are small and they are found in the same collections. This

taxon is longer and has more capitate ends. Our description of the

diatom agrees with Patrick's.

.
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_ Achnanthes m1nut1531ma Kutz.

Descr1pt10n--Valve linear-elliptical with rounded subrostrate poles,

S -

.length 10-20 p, width 3-4 p; raphe valve with narrow, linear axial

) area and 1rregular central area, striae slightly radiate; pseudoraphe

.‘valve with narrow, linear axial area slightly broadened in the center;

[

striae on both valves 30-32 in 10 B This species was very prevalent

I

. in and at the confluence of Three Garden stream. It was also rarely

”aeenbin the dtip wall of Three Garden, Pool Garden, and Death Camas

;4

Garden. _

c;ll.__c.v .

DlSC0881on--1hLS is probably the smallest species in our collectlon.

In the collectlon at the confluence of Three Garden stream with Lake

Powell _1t along w1th Cymbella cistula almost made a b1typ1c community.

Our spec1men seem more attenuate than others collected in river systems

and when compared with Patrick's description and draw1ngs. The centra

‘‘‘‘‘‘‘

area on the raphe valve would seem to more stauros than we have seen

Cocconeis placentula var. eugleta (Ehr.) cl.

”Deecription--Valve elliptical, length 10-20 p, width 8-12 p; raphe

valve w1th narrow axial area, and small ovate central area; raphe

f111form, striae on raphe valve curved radiate; pseudoraphe valve with

narrow linear pseudoraphe° striae on pseudoraphe valve broken into a

CETLET TallnLnt -

setles of two to four conspicuous dashes forming longitudinal hyaline

'\,‘.“ &ers STl o -

~ that of Patrlck In general the specimen observed here were toward
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the lower limi;s in size suggested by Patrick; but'still fit easily
within those limitations. The diatom was interestingly found in the
wall material.  Cocconeis has a gelatinous pad that allows it to assume
an epiphytic habit. A question arises as to its niche in the hanging

garden community.

Hanzschia amphioxys (Ehr.) Grun.

Description--Valve linear, with capitate ends, arcuate, concave on
the keel margin; keel puncta short, 8410 in 10 p; striae 16-18 in 10

N

p; frustule length 20-100 u, width 5-10 p. This diatom was found rarely

in Three Garden stream.

Discussion--Oyr specimen was toward the short end of Hustedt's size

limitations.
, .
The Genus Nitzschia
Key to Species
1. Striae fewer than 20 éer 10 pe====o-- F--Nitzschia.amphibia
2. Striae more than 20 per 10 p-=====---=-=-- Nitzschia palea

NOTE: A few other Nitzxchia species were seen, but not well
enough to be identified. See page

Nitzschia amphibia Grun.

" Description--Valves linear-linear lanceolate, attenuated at the poles,
length 12-50 p, width 3-5 p; keel puncta 7-9 in 10 P; striae 16 in
10 p. This diatom was rarely found in the Three Garden stream and on

Death Camas Garden drip wall.

Discussion--Our specimen fits well the description of Hustedt.

Nitzschia palea (Kitz.) Smith

Des¢ription--Valves linear-lanceolate, with rostrate ends, length

-

- ———
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18-é5;pglwidthl2-4 p; keel punetallo412 in 10 F;istriae'33~36 in 10 p.
‘This-diatom was rarely found in the Three Garden stream and on Death:
Camas -Garden 'drip wall. ' . "5 ¢ fe.27ofl.f oD oSiloaioo o isso
Diseﬁseion-;0ur specimen fits well the description of -Hustedt:

q:-,;-A A e - -

Nitzschia sp.
A num b,:ﬂQ£~other Nitzschia species were seen in the collection from

Thrée*Gardenlstream in rare numbers. = - - SRR

Discussion--Thése species were not Wéll'endugﬁ represented’fer'

identificationm, " . --. L. VLI oot oo LSl SDaliT el oD TiTel
) The Genus ngbella L
;i:;:e::::s.‘ Key to-Species

" 1, Valve with isolated punctae in the central area, raphe strongly
arcuate-----------------------f----g-r--gymbella cistula

1. Valve without isolated punctae in the central area, raphe usually
straight or nearly so------=-- e medccddddecmccccecccmcaccc————— (2)

Z. A xial area narrow less than one quarterxr. the width of
va{ye --------------------------------------------------- (4)
3. Raphe obv1ously complex, pcles acutely rounded, striae lineate--
T et L L Cymbella incerta
3. Eaﬁhg,apparently filiform, poles subrostrate, striae punctate---
| emeseaca- atntudutnteiedeiedbebebde ey ] --»--»----_-_--V-:---(‘ﬂgbella Sp. 1 - page )

4. Length of valve less than 25 u--Qymbella mlcrocephala o

lengin 1I-I. . Do -
4. Length of valve more than 25 u--rf-ffjf---gfgfif-fjf-:7-(;) N
5. Raphe dorsally bent from poles to central area, frustule rhombic
e R SR LT Cymbella sp. 2
5. Raphe»straight “frustule not rThombic-e====smeseiomcoaamccecccnaas (6)
6. Apex of valve subrostrate, central area widened, rhomblc
B B e e Cymbella naviculiformis .
Descrictaonm=-.c.ves Limeav-laTIel@ta. WLILD TUEUTILe #TIGL L8N
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¢

6. Apex of valve not subrostrate, central area iﬁconspicuous
to rounded-~-===sccccccacaa.- meememesmeaceccececcenm——aa (7)

7. Raphe eccentric, ventral stria straight--Cymbella hebridica

7. Raphe nearly centra., ventral stria bent--Cymbella norvegica

Cymbella microcephala Grun.

.Description--Valve linear, nearly sfmmetrical, with rostrate fo cap-
itate ends, iength 15-23 p, width 3-5 Js striae parallel to slightly
radiate, 24-30 in 10 B> axial area narrow, indistinct from‘the central
érea;vcentml arca lacking. This diatom was the most :nf)undnn!; and
widcly distributed in the h;.mg,ing garden algal f(lora. i It was found
literally, at all collecting stations in the gardens, and in numbers
that would allow it to be designated as being common.

Discussion--Our specimen agree with the description of Huétedt's.

There is‘some variation in size in a given populatioh and in the shape
of the poles., Hustedt allows for these differences'iﬁ his treatment
bbf the taxon.

Cymbella cistula (Hemp.) Grun.

Description--Valve arcuate, with convex dorsal margin énd straight to
‘concave ventral margin, often gibbous mid valve, with poles subrostrate
and rounded, length 30-50 P width S'IS‘P; striae parallel to slightly
fadiatg throughout, é-lO in 10 P punctate; axial area linear, central
area longitudiﬁally ovate, with 0-4 (5) isolated puncta located ventrally.
The confluencelof Three Garden stream with Lake Powell somehow provided
excellent habitat for the growth of this diatom.

Discussion--There was great variation in size and basic'ﬁorphology in

members of the population sampled in the hanging gardens. All the

!

|
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variations did fit Hustedt's limitations for the taxon. The species
seems to be naturally quite variable. Our collection would certainly

testify to that.

Cymbella naviculiformis Auer

Description--Valve linear-elliptical, with abruptly produced ends,
yith ventral margin straight and dorsal margin convex, length 25-35

k, width 8-12 p; striae radiate throughout, about 14 in 10 n; axial
area lanceolate; raphe slightly arcuate, filiform, central area
:hombic. This diatom was found rarely in Three Garden stream.
biscussion--As is true of so many of the diatoms in the hanging garden
fipra, this diatom fits the size limitations on the lower side of the
7$ca1e as proposed by Hustedt. Its morphology however differs little

from Hustedt's description nor from his illustration.

Cymbella hebridica? (Greg.) Grun,

Description--Valve strongly asymmetrical, with dorsal margin convex,
and ventral margin slightly convex, with ends rounded, lepgth 40-45 p,
width 8-12 Ps striae radiate at mid valve, parallel near the poles,
10-12 in 10 p; axial area narrow, widening toward the central area;
raphe straight, with central fissures bent dorsally, central area
longitudinally ovate, indistinct from the axial area;‘ This identity
was quite common in the drip wall flora at fool Garden., It was not
.observe& at other locatioﬁs.

Discussion--There is considerable question in our minds as to the

correct identification of this taxon, It was found in association with

C. norvegica on the Pool Garden drip wall. C. norvegica was highly

abundant at this site. There was some morphological variation in this

-
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abundand species. C. hebridica is different from C. norvegica in its
more orbicular central area, its dorsally originating raphe, and its
more lanceolate shape, Our specimen were much bigger than allowed
by Hustedt., His upper limit is 40 p long. In other characters, the

taxon is in agreement.

ngbella sp. 1

Description--Valves lanceolate, nearly symmetrical, with ends subrostrate,
| léngth (36) 45-55 (81) p, width 13-19 p; striae distinctly punctate,
somewhat irregular in length, radiate throughout, 10-12 in 10 u, 10-12
'puncta in 10 P3 axial area broad, widening towards central area, up to
: 173 the width of the valve, raphe distinct, with central pores unilateral-
ly hooked towards the ventral side; central area elliptic, indistinct
from the axial area.

Cymbella sp. 1 resembles C., lata Grun, escept the axial area is
broader, the striae are radiate throughout, and the puncta
ére co#fser. This new taxon was restricted to the drip wall at Step
Garden and was found in abundance at Ribbon Garden.

Clark 666. November 2, 1972, Ribbon Garden, Ribbon Canyon, Lake
Powell, San Juan County, Utah, BRY; Clark 665 Step Garden, Driftwood
Canyon, Lake Powell, Kane County, Utah, BRY, PH US.

Discussion--This species is a unique and beautiful diatom, In the
Ribbon Garden diatom fléra, it is much larger than any other diatom

that is present there with the possible exception of Achnanthes flexella.

Cymbella incerta var. naviculacea Grumow

Description--Valves linear lanceolate, nearly symmetrical, with poles

acute, rounded, 30-60 P long, 6-10 P wide, with dorsal margin convex

r
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‘and central margin less convex, slightly swollen near midvalve; striae
radiate throughout, more radiate near poles, 14-16 in 10 B, lineate;
axial area lanceolate, broad, widening towards central area; raphe

: riBbon—like, convex dorsally, slightly displaced ventrally near central
area; central area, indistinct, slightly wider than axiai area, with

. ventral striae shortened.

, - Clark 670 November 2, 1972, Ribbon Garden, Ribbon Canyon, Lake
Powell, San Juan County, Utah, BRY; Clark 671 Step Garden, Driftwood
Canyon, Lake Powell, Kane County, Utah, and Clark 672 Death Camas
Garden, Glen Canyon, Lake Powell, San Juan County, Utah, BRY PH US.
Discussion--This diatom showed much variation in size, but its basic
morphology remained constant. This was true within a collection and
uLetween collections as well., It was prominent in all drip wall col-

lections suggesting- that it might be a dominant member of the drip

wall algal community.

Cymbella sp. 2

Description--Valves bent, rhombic, with rounded poles, 19-25 p long,
6-8 p wide; dorsal margin convex, ventral margin slightly convex,
swollen strongly at midvalve; striae radiate throughouﬁ valve length,
18-20 in 10 p at midvalve, 24-26 in 10 p at poles, punctate; axial
‘area narrow, lénceolate, widening toward center; raphe arcuate, convex
dorsally; central area indistinct, only slightly wider than axial area.
Cymbella sp. 2 resembles C. brehmii Hust. except the valves
are longer aﬁd wider, the striae are finer, and the éxial area is
wider. This diatom was restricted to the drip wall at Ribbon Garden.
It‘was in moderate abundance there.

Clark 669 November 2, 1972, Ribbon Gardem, Ribbon Canyon, Lake
Powell, San Juan, Utah, BRY,

)




Discussion--This interestingdiatom really has no equals. We have

compared it with Cymbella brehmii, but it really had few similarities

&ith it. Valve size and striation were the only common characters
observed. Of particular interest in this diatom is the biarcuate
nature of the raphe, We have not seen this before in a diatom., The

V ﬁnusual shape of the diatom is als& of interest; not only does it have
" a peculiar valve view, which is rhombic, but the valve surfaces appear

to be humped or rounded. This was evident in girdle view.

Cymbella norvegica Grunow

i

Description--Valves semielliptical to semilanceolate, with rounded

poles, 38-50 p long, 8-10 p wide; dorsal margin convex; ventral margin
slightly convex to straight; striae radiate throughout most of valye,
convergent near poles, 11-12 in lQ u at midvalve, 13-15 in 10 p near
poies, punctate; axial area narrow, linear, slightly excentric; raphe
straight, with terminal pores bent dorsally at centfal area and poles;
central area indistinct, only slightly wider than axial area.

Cymbella norvegica resembles C. hebridica (Greg.) Grun. except
the valves are 38-50 u long, the poleé are more truncate, and the
raphe is located mbre centrally.' This diatom was especially abundant

on thé drip wall at Pool Garden. It was also found on drip walls of

all other gardens collected. A few specimen were observed at Three
Garden stream.

Clark 668 November 2, 1972, Ribbon Garden, Ribbon Canyom, Lake o , Z‘f, §
Powell, San Juan County, Utah, BEY; Clark 667 Pool Garden, Cottonwood = . - S !
Canyon, Lake Powell, San Juan County, Utah BRY, PH, US, oLl

S e

b
. . . h w 4
Discussion--There is some variation in shape and size in this taxon. » g

This variation was especially prevalent from the material that was PR
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_ cal alteration was shortness and a more trlngular outllne.

SLIT LT Tolts slIe T ITUigpe Genus Gomphonema
e L - _ Key to Species
1. Central area w1th isolated PUNCtUM=== === m e e e cmccmcmaeo oo (2)
_ 1. Central area w1thout 1solated punctum---------; ................. (&)

2, Valve length less than 30 P---Gomphonema Qarvulum

-"_2.-Va1veulength more than 30 p-:-------é ------------------- (3)
;¥;;3§;Stiiaewless than 10 in 10 pro=====-- Gomphonema intricatum
'3 Striae more than 10 in 10 pe=---- F-Gomphonema'lanceolatum
Fe-ie 25-0 4 Central area, unilateral---===----Gomphonema sp. -
£onznIon li‘biﬁcéhtiéi*éééa, equilateral----Gomphonema olivaceum

rounded aplces, length 20- 30 p, width 8-12 P’ striae nearly parallel

12- 14 in 10 P’ axial area broad indistinct from central area, central

i area w1th an 1solated punctum, striae often shortened Three Garden

~Lstream was the only habltat this d1atom was found 1n.‘ It was rarely

) p}§59381on--Thls dlatom is not the ,jéetyhlumkthet"nermostfoften
ﬁy;;eecip‘ tteam studles. ‘The striae’a;e-more pa?allelhend the.tentral
q_ee'l ss dlStlnCt. <Still_it.fits”Hustedt's description well; our
?eri351gnment here‘ls JuStlfled _ "jfzeéjj,::f; :Elcegt';g;::ivi;:

PisC Gomphoniema olivaceum (Lyng.) Kitz, * &= =77 7% o~

‘DeseriptiOn--Valve clavate with broad apex and narrower base, both

4

collected from the dr1p wall at Pool Garden. The pr1nc1ple morphologl-
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ends rounded, length 25-35 P, width 6-10 p; striae strongly radiate,
9-15 in 10 p; axial area linear, narrow; raphe filiform; central area
rectangular, near stauros. This taxon was quite common in Three Garden
Stream. .

Discussion--This diatom is one of the most common Gomphonemas in water
- systems that we have looked at. 1Its incidence was low here in com-
parison to other habitats we have seen it in. Characteristically in
girdle view, both margins have a distinctive bend concavely. This was

- not noticeable in our hanging garden specimen.

Gomphonema intricatum Kutz.

ﬁescription--Valve nafrow, subline&r to sublanceolate, with mid portion
inflated, both poles attenuated and rounded, length 45-55 p, width 6~
10 p; striae radiate at mid valve, convergent at the-poles, lineate;
axial area distinct, modérately wide; raphe filiform; central area
eccentric with an isolated punctum. This taxon was commonly found in
Three Garden stream and rarely found on the drip wall at Death Camas
Garden.

Discussion--In general the Gomghdnemas are a difficult group to differ;
entuate. Theif characters tend to overlap. We have asSigned our taxa
to this species based primarily on striation and valve size. The apical
pole qf our specimen is not as broad as that illéstrated by Hustedt.
The central inflation in our sbecimen tends to be more inflated and

obvious than that shown by Hustedt.

Gomphonema lanceolatum Ehr.

Description--Valve clavate-lanceolate, with mid area inflated, both

poles attenuated and obtuse; length 35-45 p; width 6-10 p; striae

I
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slightly radiate throughout, 11-13 in 10 p, linéate; axial area narrow
linear; raphe filiform; centrai area unilateral, with an isolated
pugctum. This species was a rare collection aﬁ Three Garden stream,
Discussion--As was the case with G. intricatum this specimen does not
QUite fit Hustedt's deséription and illustration of the taxon. Our
specimen are more attenuated at the apical pole hence tend to appear
ﬁore inflated at the mid-valve. The striae are finer than those of

Q. intricatum.(the latter has about 10 in 10 p) and the species can

be further distinguished by its comparative broadness.

xd

Gomphonema sp.

Description--Valves linear—lanceolate,‘symmetrical to cymbiform along
longitudinal axis, 45-52 p long, 9-10 p wide; poles rounded, nearly
equal in size, often with small septae; occasionally gasal pole some-
what more swoilen;'striae punctate, slightly radiate throughout,
occasionally parallel near poles, 10-12 in 10 p near midvalve, 16-18

in 10 p near poles; raphe straight, complex; axial area narrow, some=

e ———

times inflated between central area and poles, widened toward midvalve;
central area and poles, widened toward midvalve; central area rectangular,
unilateral, extended or nearly extended to margin, without isolated

punctum, GomQhoﬁema sp. resembles G. lanceolatum Ehr. except the

© e

poles are inflated, there is no isolated punctqm, and the central
area extends to one margin. This species was found in rare abundance
in Ribbon Garden. It was common in Death Camas Garden.

Clark 674 November 2, 1972, Ribbon Garden, Ribbén Canyon, Lake

Powell, San Juan County, Utah, BRY; Clark 673 Death Camas Garden,
Glen Canyon, Lake Powell, San Juan County, Utah, BRY, PH, US,
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Discussion--No cymbeform types were found in the callection taken from
.Ribbon Garden. However numbers of asymmetrical forms were noted in
the samples taken from Death Camas Garden, There were also regular
forms in the Death Camas collection. The species varies little in

size but does have this odd morphological variation.

Mastogloia smithii var, lacustris Grun.

Description--valve linear-lanceolate to elliptical-lanceolate, with
subrostrate ends, length 50-55 P, width 12-14 Js striae slightly

radiate throughout most of valve, parallel at ends, 18 in 10 P, punc-
itate; puncta 14 in 10 ps loculi of intercalary band about equal inv
size{ inner margin slightly convex, 5 in 10 P axial afea narrow,
linear, with raphe filiform, appearing to be relocéted laterally
four-fifths of way from apex to central area; central area rectangular,
extending to inmer margin of locules. Collected off the drip wall in
Ribbon Garden where it was commén. Occasionally observed in drip wall
material collected at Three Garden,

Discussion--Patrick (1966, p. 300) gives size limitations of thié

| taxon as: length 20-45 p, width 8-11 p. She reports that the larger
specimen observed by Hustedt (1955, pP. 503) of up to 65 p in length

gnd ;6 P in widﬁh have not been seen in the United States. Our specimen
fits Hustedt's description very well with the exception that the locuies
of our specimen are lafgef, 5 in 10 p as characteristic of the taxon.

v Patrick's description of the raphe mentions lateral displacement midway
between apex'aﬁd central area. Our specimen show this displacement

of the raphe, however it occurs much closer to the central area.

~
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The Genus Anomoeoneis

Key to Species

l. Valve lanceolate with obtuse rounded poles====-mcccamacacaa- ————-
--------------------------------------- Anomoeoneis exilis

1. Valve elliptical-lanceolate with subrostrate to capitate ends---
------------- mremmerrmersneeee—ene~==e=ANOMOEONIEiS VitTrea

\

Anomoeoneis exilis form lanceolata (Kﬁtzing) Cleve

bescription--Valve narrowly lanceolate with obtuse rounded ends, length
25-45 P width 4-6 P striae very fine 30 in 10 p, radiate throughout.
Axial area narrow; raphe straight, filiform central area small, or-
bicular. This diatom was found in Pool Garden. o
Discussion--only one specimen of the taxoﬁ was found in our collectiom.
The diatom measured 37 p in length and 6 p wide and fit Dr., Hustedt's

description (1959, p. 752) in other characters as well,

Anomoeoneis vitrea (Grun.) Ross var. vitrea

Description--Valve lanceolate to elliptical-lanceolate, with ends sub-
rostrate to captigte, length 20-38 p in 10 p, width 5-8 u in 10 p;
striae 30-35 in 10 p, radiate, finely punctate; axial area narrow and
linear; raphe straight, filiform; central area ovoid. This diatom
was observed in all gardens except Three Garden.

ﬁiscussion--Our specimen fet well the deséription of Patrick (1966 p.
380)., Most of the specimen observed were of the larger capitate form,
However, Pool Garden produced in addition, the smaller subrostrate

type mentioned by Patrick in her discussion of the taxon.
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The Genus Pinnularia

Lo T ~ el D

Three species of Pinnularia were seen. All came from Three Garden

stream. Only one of them was seen more than one time. None of the

three can be 1dent1f1ed w1th the available Iiterature., Pinnularias

as a group are poorly described. We will hope to f1nd additional

specimens in order to adequately describe these taxa.

The Genus Calonels

Only one -species was determined. It is:- Caloneis bacillaris var.

themmalis (Grun.) A.El., . ceunicoL. Iillios

Caloneis baC111arls var. thermalls (Grun.) A El

Descriptlon--Valve llnear w1th broadly rounded ends, length 34-55 p,
width 8 iO y, strlae parallel to very sllghtly radlate throughout,
18-20 iﬁ”idhﬁ, llneate, ax1a1 area, lanceolate, w1den1ng toward the
middle of the valve; raphe slightly bowed laterally; central area in-
&istinét from the axial area, rounded. Specimen of this taxon were
collected from Three Garden stream.

Discussion~-Our collections of this taxon were not qnlike Patrick's
description (1966 p. 586) with the exception that some individual

cells fell below the lower length limitations prescribed by Patrick,

also the distinct rounded central area was not common on our specimen.
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The Genus Navicula

Key to Species

Valve ellipicale-ccccccccncncaccnccccanaaa Navicula mutica

‘Valve lanceolate or lineare===----ceccaccmmocaaoo L E T LR (2)

2. Valve longer than 40 pe--==--- R T L LT (3)
2. Valve shorter than 40 b L LD L L LR LD bl (4)

Central area rectangular, length-width ration 7:l--==ccecemacaaa-
e bt b Navicula radiosa var. radiosa

Central area orbicular, length-width ratio 5-6:l--cececceccaanaa
---------- -=--=~---Navicula tripunctata var. schizonemoides

-4, Valve linear with broad capitate poles-=-==-cc-ceccrccaa-a
Navicula pupula var. capitata

4, Valve lanceolate, attenuated----=---- rememeeccccccce—aa- (5)

Apex rostrate to capitate-----=w--a Navicula cryptocephala

Apex rounded-------c-cacea-o Navicula radiosa var. tenmella

Navicula mutica var. cohnii (Hilse) Grun.

Description--Valve elliptical, length 12-19 p, width 6-8 Fs striae

radiate, distinctly punctate, irregularly shortened in the central

area, 14-20 in 10 B axial area linear, narrow, central area large,

transverse. Representatives of this taxon were found in collections

from Step Garden and from Three Garden stream.

Discussion--This diatom differs from the nominate variety by its

elliptical shape and its more coarse punctation. Our specimen seemed

- to vary little from either the description of Patrick (1966, p. 454)

or Hustedt (1930, p. 275). | -
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Navicula radiosa Kitz var. radiosa
Description--Valve'lineaf-lanceolate with rounded acute ends, length
70-76 B width 8-11 P} striae radiate throughout most of valve,
éonvergent at ends, 10-12‘inl10 P; axial area narrow, widening slightly
toward central area; raphe straight, hooked at the terminal node;
central area récténgular in shape, not extending to margins of valve.

" This taxon was collected only in the stream at Three Gardens. Its
occurrence there ;as rare,

Discussion--Our description of the diatom is in agrcement’with Patrick
(1966, 'p. H09). She gives size limitations of &0-120'y in length and
10-19 p in width, which the few specimens we observed easily fit within.
Our specimens do differ, however, with Patricks drawingbof the taxon
;on p. 561 in that the Three Gardens diatom has much more transverse1y

‘ widened central area. Patrick explains in her description that this

variation in the central area is often the case.

Navicula tripunctata var. schizonemoides (V.H,) Patr.

Description--Valve lanceolate to linear lanceolate, with ends obtusely
rounded, length 50-60 p, width 9-11 p; striae, radiate‘becomiﬁg‘con-
vérged or the apices, lineate, 10-12 in 10 P3 axial afea narrow,
widening slightly toward the apices, raphe straizht, filiform; central
érea orbicular, This taxon was present in the stream at Three Garden
and in fhe drip wall at Pool Garden.

Discussion--The taxon fits well Patrick's deécri;tidn (1966, p. 514).
Our specimens are a littler Qider than the limitstions proposed by

Patrick.
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zfiii&éﬁidﬁlaﬁpupula"‘var-.*ca'éitata,Skv. Meyer S

éscription--Valve linear-lanceolate, with broadly capitate ends,
" ‘length 16~25 in 10 ps width 6-8 p; striae, radiate throughout valve,

"~ “short, irregular about the central area, lineate; axial area narrow;

"“Eféeﬁfféi?aréé'traﬁsversely"widéned'ﬁearly"to margins of valve. This

"% ‘faxon was seen one time ‘in collections from Ribbon Garden and several

"’ specimens were observed from-the Three Garden stream.

:‘;;TDiécuséiOn--Navicula pupula var. capitata exhibited great size variation
“in collections taken from the hanging gardens though its incidence was
low. Particularly a number of those observed were smaller than

" allowed by Patrick (1966, p. 496). -Hustedt (1930, p. 281) also gives

o Fa°16§éi:1imit’iﬁ"lengthiof‘zoip‘an& in width, 7 p. In other respects
- oﬁi‘sﬁéciméﬁs‘Seeﬁ:to'agrée with the descriptions of the taxon by both
"~ patrick and’Hustedt."" o fv; .

Navicula crvptocephala Kutz. var. cryptocephala

;¥¥+¥9690fipti6n~4Valve rostrate with.rostrate rounded poles, length 30-40 B

“T°:?iﬁ:10?ﬁ;7width'5-8 in 10 u; striae radiate throughout most of the valve,

“”“ﬁérallél”at the poles,:lineate,'14-16vin 10 P; axial area, narrow,
"S :°3lightly wider as it merges with-the central area; raphe straight,
?ifiifiiifbrm}i6enifélfarea transversely widened, elliptical. This taxon

was collected only at Three Garden stream. Few specimens were observed.

. °*% -Discussion--The diatom fits Patrick's description (1966, p. 503) well.
“The ‘striation may be a little coarser than apparent from her descrip-
““7 “%ion otherwise its characters  fit within her outlined limitations.

T el -
.........

Navicula radiosa var. tenella

Description--Valves lanceolate with acute, rounded poleé, length 22-40
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~of the valve- central area very small with medlan striae often unusual-

ly kgng, Three Garden stream was the only place this diatom was found.

It was perhaps the most common Navicula in the system. - = R
Disqg§sionf-0urH§peeimen_often,feyL‘be}pw the lower limits in size

establlshed by Patrlck (1966, p. 510), especially in length. Her lower

Alimit of 25 P was extended to 22 in mater1a1 from our collection.

Patrlck descrlbes the taxon as. hav1ng a.strlae count of 15-18 in 10 p.

We have found the strlae to be coarser. 1n the valve center “near 12-14

‘those descrlbed by Patrlck R DI e

 Denticula elegans Kiitz.

Describrien-iﬁélve:iihear, with sides convex to straight and ends

rounded, 15-40 p long, 5-7 P~wide;»raphe_near valve marging transapical

ribs. strong, 3 6 1n 10 B3 strlae 15-17 in 10 B3 septum strongly developed.

This taxon was widespread in .the study area. It was found on all drip

walls ~and rarely in the Three Garden stream.

Discgssigg-:Only Cymbella udiparia shared asjwide,e distribution in

the hanglng_gardens as Denticula elegans. Like Rhopalodia gibba this.

diatom is a member of the Epithemiaceae. Hustedt divides the family

NN S

into_two subfamilles based prlmarlly on the p051t10n of the raphe in

relat;on _to the valve margin and ‘the Keel. ;2. elegans then is placed

in one of the subfamllles and R g bba 1n the other. :-;_ e e

Tictm PR

Rhopalod1a glbba (Ehr ) o. Mﬂll.

Descrlptlon--Valve linear, arcuate on the dorsal, straight on the

[ ]



172«

ventral side, reflexed at the ends; costae 6-7 in 10 p; striae 12-14 in

10 u; length of valve 80-140 P This diatom was very commonly fyund in

Three Garden stream along with Synedra acus.

Discussion--This diatom is difficult to describe, yet when it is seen
it is very distinctive. The raphe is usually difficult to see. It is
found in a keel along the convex edge of the’valve. The species has
Peen found by many to develop inlarge numbers primarily during the fall

of the year.

¥ : .
A Key Lo the Gencera of Cyanophyccae (Glue-green Algae)

in the Glen Canyon Hanging Gardens
1. Thallus a branched or unbranched filament (trichome) ----------- (2)

1. Thallus a épherical or globular colony in which the individual
cells are not united end to end--=-=cececcccccccccmcancmmcccananaa (6)

- 2, Heterocysts and/or gonidia present in the filament----- (3)
2. Neitﬁer heterocysts nor gonidia present in the filament-(5) -
3. False branches preSent -------------------------- Scytonema
3. False branches absent---ececrcccccccmcccccmcccccccccccccceae (4)
4, Trichomes solitary or interwined in an amorphous mass---

- - " - o . - - - - - - - - - - - - Anabaena
(one species present, Anabaena? oscillariodes)

4, .Trichomes twisted into a firm, definate gelatinous matrix-
------------------------------------------- Nostoc

5. Trichome with gelatinous sheath present---=w-e---a Lyngbya
(one species present, Lyngbya contorta)

5. Trichome without gelatinous sheath present---Oscillatoria
(one species present, Oscillatoria agardii)

6. Protoplasts rod-shaped, cylindrical----Gloeothece

6. Protoplasts spherical, except after division---=---ce---- (7)

Y
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7. Colored gelatinous sheath present in older colonies-====c-=c-ca--
oy e e e s it Gloeocagsa
7. Colorless or hyaline gelatinous sheath present in older colonies
B L L L T T ettt Chroococcus
(one species present, Chroococcus turgidus)
""""" 777" "7 The Genus Scytonema
P . . " Key to Species
 1.4$heaths4very wide, forming lateral "wing-like" expansions-=-----
| meessessmccccccmccneeae—— meemmmmmme——aa- Scytonema alatum
1. Sheaths not forming wing-like expansions-===-e-ceccecceccceccccoccaa"
-------------------------------------- Scytonema myochrous

Scytonema alatum (Carm.) Bszi

?eqqr?p%}qq;-?ilamgn;§ 24-66 p in diametér, hyaline to 6chraceous;
br§Q°§§§;?Q,P§i%S bepwggnrheterobysts, relatively sﬁort;‘cells
cylin&ffé:talfafrél-éﬁéped, 8-15 P in giémeter, 8-15 p long; hetero-
cysts sungobéééj‘éHeéihs broad, highly lamellated, diverging forming
lateral "w{ﬂgé“fiJTﬂié”Blde-green algae was common to abundant on the
drfp ;éli:offéiiifivévéafdens sampled.

Discussion--S, alatum forms a brown wooly mat near the surface of the

gelatinous matrix of the drip wall algal complex. It is found usually

in association with §3'mxochrous. The taxon is distinctive with its

laterally éktéédiﬁélgélétinous wings. S. myochrous has diverging

lamellated sheaths but the divergence is much more gradual forming

(Cre s-e

more cylindric filaments.

DOl ool o Lo

Scytoﬁé&g é§géh§6uéffﬁ{ilw.) Agardh.

Descriptioﬁi—ffiéméﬁté118-36 P wide hyaline to highly ochraceous,

‘long and fiéxﬁ&ﬁé'branéhes often single or in pairs; cells, discshaped

in younger portion; to cylindric heterocysts quadrate, near 10 P in

et -
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diameter sheaths thick lamellated, with layers gently diverging. This
fspecies was endemic to the drop wali of all five hanging gardens sampled.
Discussion--Qur original consideration was that, in fact, we had two
species‘here instead of one. One had barrel-shaped cells and a wide
- sheath with gentiy diverging lamellations. The other haq cylindric
cells, a narrow sheath and parallel lamellations. Agd_the second
species was smaller than the first. Prescott (1962 p. 535) points cut
in his descriétién of the taxon that wide variation can exist in this
primaiily aerial species. Closer inspection revealed that the specimen
originally thought to have parallel lamellations did di#erge, but in
great lengths., All the variation noted from the gardens does fit

within Prescott's limitationms.

Anabaena? oscillarioides Bory i ,‘ .

Description--Filaments, straight to fléxuous, entangled in a thin gel-
atinous';ayer_or SOIifary cell barrel~shaped to truncaﬁe-globose,

(4-6 p in diameter); heterocysts round or ovate, 6-8 P-in diameter;
gonidia cylindrical, developing on both sides of heterocyst, rarely on
bﬁne side, 8-10 P‘in diameter, 20-%0 p in length (description of
he;erocysts and gonidia taken from Prescott (1962 p. 517). Samples
taken from drip walls in all gardens produced fragments qf filaments

of this identity in small amounts.

Discussion--We are assigning this identity to this taxon on a tentative
basis. We afe doing so on the basis of cell size, habitat, and associa-
tions. Our Specimen had spherical cells that measured near & p in
"diameter. Prescott (1962 p. 517) points out that collections he has

seen of the taxon have been found "subaerial in swampy places', among

other types of habitats. He also points out that this taxon has been
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found as an isolated solitary filament among other algae. Posative

identification is not possible because filaments producea no obsérvable

heterocycsts nor gonidia. This means that we have the distinct

possibility of not having an anabaena at all, but rather another member

of the Hormogonales, likely an oscillatoria because of the lack of an

observable sheatht

The Genus Nostoc

S Key Lo Spccies

1. Colony microscopic with only one or two filaments----mecccaceacaas
L - - - Nostoc Pa]_udosum

1. Colony macroscopic usually with many filaments=-=--=e=c---- —————
ELE L e P T PP P LR LT ———————— ~--=Nostoc muscorum

Nostoc paludosum Kuetzing

Description-~Thallus, small oblong to subspherical miqroééopic colony,
up to 1 mm in diameter; trichome loosely coiled in older ¢olonies,
tightly coiled in younger colonies; embedded in copious gelatin; cells
barrel-shaped, 3-4 p in diameter, olivegreen; heterocysts ovate, 4-5
p in diameter, 6 p in length; gonidia ovate, 4-5 p in diameter, 6-8

B long, smooth, This blue-green algae was.a common observation in
material collected from Step Garden and Ribbon Garden. If was found
rarély at Thfee Garden.

Discussion--Qur collection and description agrees complately with
Prescotts analysis (1962 p. 524) of the taxon. This interesting tiny
Nostoc species seldom has more than one or two filament; present in

the gelatinous envelope. Our specimens were usually spherical to foot-

bali-shaped.




-176-

Nostoc muscorum Agarh.

' Peécription--cblony spherical, greenish to bluegreen, firm, trichomes
crowded, entangled, individuals sheaths not evident, more densely
éggregated toward the surface of the mass; cells 3-4 o x'306 P
spherical but compressed, heterocysts 6-7 u in diameter, spherical
oblong, often in series (gonidia description after Flowefs n.d. (b)

_p. 50). Nostoc muscorum Agarh. was abundant on the wall at Pool Garden.

It was present but less abundant in the drip wall at Ribbon Garden.
Discussion--Prescott (1962>p. 524) describes the colony of this species
- as "a brown, lumpy, or tuberculose membrane, firm and leathery when
growing on small, densely aggregated spherical colonies; with age
‘Eecoming larger and confluent, soft and gelatinous, often depressed

spreading out into flat membranaceous sheets."

Our dbservations of the
colony agree totally with neither Flowers nor Prescott. We have found
the colony to bé quite spherical even up to the size of 15 mm. Dr.
Flowers description coﬁld however pertain to our specimen in its
developmental sequence. We just have noticed no spreading mémbranous
forms. Our descripﬁion of the trichome and cells are in complete
agreement with»bdth Prescott‘and Flowers.

‘ We found no gonidia in association with the filaménts. Heterocysts

were always present, Flowers (n.d. (b) p. 50) points out that "fruiting

is rare in this taxon.

Lyngbya contorta? Lemmermann-

Description--Trichomes 2.5-4 p in diameter, irregularly coiled or
‘twisted, not uncommonly straight, not tapering at the apex, not con-

stricted at the cross walls; cells 1-2 P wide, 4-9 B long, cylindric;
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cross wall not distinctly evident, cell contents pale olivaceous;

.sheaths thin but fimm. Lyngbya contorta was very common to all drip

wall collecting sites. It was abundant in samples taken from the

moister areas of the wall-at Step Garden.

Discussion--There may be some question as to the identification of

this species. Flowers (n.d. (b) p. 40) described it as a "loose and

-~ wooly, yellowish-green, floating mass.'" He says further that a single

collection had been made in a pond near lake Point, Utah which he
described as a crusty mass. Prescott (1962 p. 500) describes the species
as being cither solitary or planktonic. In our collections the identity

was found in association with Palmella miniata. .Lerbleim embedded in

copius mucilege. Because of the orange plastids of Palmella the algal
complex assumed a distinctive rust color especially on the wall at
Step Garden. The morphology of individual trichomes fit both the

description of Flowers (n.d. (b) p. 40) and Prescott (p. 500)

Oscillatoria agardii Gomont

Description--Trichomes straight throughout entire length, briefly
tapering at anterior end; ends capitate or smooth; cells 3-6 p in
diameter, not constricted at the cross wall, length % to 1 times width;

cross walls granular, This species was collected at Pool Garden drip

- wall only.

-’Discussion--Prescott,'who is primarily a lake phycologist, points out

that 0. agardii is often found in blue-green masses with interwoven
straight filaments., Our specimen was found in association with other

Mdiip wall algae. Though the growth habit differs here, the morphology

of our specimen is consistant with Prescott's description. This same
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taxon was observed by the author at Teet Tsu Springs and Cottonwood

Sprzngs whlch are in the Lake Powell _area,

(lv
n»

Gloeothéce rupestris (Lyngb) Bornet =~

Description--Cells ovate to Cylindtic ovate, irregularly scattered
throughout a'copious'colorless'gelatinous matrix, solitary, in 2's,
or:4's in small families surrounded by definite sheaths. Gloeothece

rupestris was observed in the drip walls of Step Garden, Pool Garden,

SR

and Death Camas Garden.
Discussion--In 1942 Drouet and Daily proposed merger of the genus

Gloeothece with Aphanothece and then feassigned them to the genus

Anaczstis. * The ofiginal diffetentietion was based on the presence of
definite 1nd1v1dual cell sheaths present in Gloeothece but supposedly
missing in éghanothece. Such sheaths often appear among members of
Aphanothece- thus tlouding the‘distinetion hetween the two genera.

Hence ‘this taxon often appears-im-the literature as Anacystis rupestris

Drouet and Dally. We have elected here to follow the older classifica-

tlon and to use the genus designation Gloeothece to point out the

presence of definlte lamellatlons present in our spec1men.

Key to Species
1. Gelatlnous sheath blue or black--;;-Gloeocapsa nlgrescens
1. Gelatinous sheath orange or gold---g—Gloeocapsa rupestris

—_ i

Gloe6&dpsa nigrescens Nag.' -

Desctiption--Colony ‘1 :}apptokiﬁatéfyfiG cells, spherical; up to 10 p

. in diaméter, indizjdnal'céils'sﬁhet{eel to ovate, up to 5 p in diameter,

4

ot S o e, 8 s
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blue-green in color; gelatinous matrix colorless at fitst becoming

blue, violet, to blue-black. Gloeocapsa nigrescens was particularly

plentiful in samples taken from the drip wall in lower Three Garden.
It was also collected on the drip wall of step Garden and Death Camas
Garden,

éiscussion--Daily (1942) points out that this speciés i$>mot often
;ollected on substrates of limestone or sandstone. Our collections
,éﬁowed gfeat variation in colony size. Also the amount of gelatinous

matrix surrounding the sheathed protoplasts varied greatly as well.

Gloeocapsa nigrescens was found in smaller numbers but in association

with Gloeocapsa rupestris, Especially was this true in samples taken

from lower Three Garden.

Gloeocapsa rupestris Kitz., ~ OE s

Descriptiop--Colony 1 to many celled, spherical to ovate, 15-85 p in
diameter; protoplasts spherical, hemispherical, to ovate, up to lO‘P

" in diameter, blue-green in color; gelatinous matrix colorless at first
becoming yellow, orange to brown with age. This species was richly
abundant in the drip wall material of lower Three Gardén. No identifi-
able material was found in-Step Garden and the taxon was rare in Pool
Gérden. Discussion--This species exibits even more morphological

variation than its fellow species Gloeocapsa nigrescens. The individual

cell sheaths are often scalloped but the usual homogeneous sheath is
more common., The colonial sheath can also be scalloped. Daily (1942)
points oﬁg,this species in the Indiané area is most often collected
from dark stratum on rock. Specimen that he has seen come from lime-

stone and standstone cliffs in Indiana.
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Chroococcus turgldus (Kutz ) Naegeli

Descrlptlon--Thallus few to many celled (usually 2-4 celled), enclosed

) in a wide hyallne lamellate colonial sheath, 15-50 p in dlameter,

1ndiv1dua1 cells blue-green to brown, 8-23 p in diameter. This taxon

- eI ’w:- -~ -

was present in the drlp walls of all five gardens collected.

Dzscusslon--Some colonles in our collection fall below the lower

limits in size prescrlbed by both Daily (1942 p. 643) and Prescott
(1962 p. 450) In other respects these abnormally small colonies

flt thc dcscr1ptlon of the taxon, There is the possibility that these

e s R SN S -, Rk I..To

small forms are in fact 1mmature forms of other chroococcalin species.

Lo SosiolzTi. o CTiTariToIL LI Conclusions

e ;:'ezThe~hanging garden drip wall in the Glen Canyon'area.is primarily

a blue-green algae communlty. Probably the most prominent member of

Hat communlty is qutonema myochrous. Scytonema alatum is also very

t

abundant in the wall mater1al Its association with S. myochrous is

not clear yet There are places one can collect almost pure samples of

- bé: alatum.” ThlS was partlcularly true of Three Garden., The outer sur-

B SR

tlme, however the two spec1es will be mixed, or S. myochrous will be

the only member present.

Menbers of the Chroococcaceae were also part of that blue-green

ERE PGPS -

communlty. Gloeocapsa, Chroococcus, and Gloeothece were always found

cell srmeatis DS

assoc1ated w1th the fllamentous Scytonemas. There is every reason to

—

makes up the dr1p wall Just what the details are of their association
fyem doze o ruToTuLo -

in the wall communlty is yet to be found out.

face of the thlck gelatlnous wall was brown with S. alatum. Most of the
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-All of the drip walls studied supported a flora of diatoms. Those
diatoms present in the walls, are few in number of species, but each
is unique. None like them have been reported in the staﬁe of Utah, and
further study'might reveal that none like them have been reported ever
before,

Thevgreeﬂ algae were present primarily in locatiohs that water

from the wall took on stream characters. Palmella miniata did add

extensive gelatinousymaterial to the wall, but it was found in areas
where thefe was abundant moisture.

The wall must be a unique environment. None of the species
dribbled over into the runoff stream at Three Gardenvfor instance.
The stream had its won flora with very little overlap Qith the taxa
that were to be found in the wall. The flora of the stream reminded
one of stream-flora in other parts of the state with species of Synedra,

Navicula, Rhopalodia, Pinnularia, and Nitzschia showing up there.

At the point of the water from Three Garden joining the water of

Lake Powell, only two diatom species were found; no other types were

present, either blue-green algae or green algae. Cymbella cistula was

found here and on1y here in the study,
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