Ad Hydrobiologia 390: 73-82, 1999.
'ii‘ © 1999Kluwer Academic Publishers. Printed in the Netherlands. 73

Seasonality of macroalgae and epilithic diatoms in spring-fed
streams in Texas, USA

Alison R. Sherwood & Robert G. Sheéth
Department of Botany and Dean'’s Office, University of Guelph, Guelph, ON Canada N1G 2wW1
(*author for correspondence)

Received and accepted 4 December 1998

Key words:diatoms, macroalgae, seasonality, springs, streams, Texas

Abstract

A seasonal study of two spring-fed stream systems in south-central Texas was undertaken over a 15-month period
from June 1996 to September 1997. Relative abundance of the epilithic diatom flora, percent cover of macroalgae,
and several physical and chemical conditions were monitored in one 20-m stretch in each of the streams at approx-
imately two-month intervals. Six additional spring-fed stream segments were sampled in May 1996 for macroalgae
and measured for the same conditions, in order to determine how representative the macroalgal floras of the study
sites were of south-central and western Texas. Conditions in the two stream segments were relatively constant
over the 15 months, except for maximum depth; this finding is similar those reported for other spring-fed systems
worldwide. Sixty-eight diatom taxa and nine macroalgae taxa were identified from the San Marcos River, which
compares to 46 diatom taxa and six macroalgae taxa from the Comal River. Several diatom and macroalgae species
were significantly correlated to stream conditions (Bighotomosiphon tuberosadHildenbrandia angolensis

with daylength, andAmphora pediculusvith maximum depth). Twenty-one macroalgal taxa were identified from

the six additional spring-fed steam segments. Conditions in these streams were very similar to those measured
in the San Marcos River and Comal River, except that they had a higher averagepBl1 versusx = 7.6).

The epilithic diatom flora of the San Marcos River and the Comal River contains many of the diatom and some
macroalgal taxa commonly reported from springs globally.

Introduction that were normally characteristic of more northerly
areas due to the spring waters being much cooler in
Springs represent geographically isolated systems andthe summer than other local freshwaters. It was con-
as such, they have the potential to contain both relict cluded that the trichopterans represented late glacial
species (once widespread species that are now moreelicts that found refuge in the spring. Examples
limited in distribution) or endemic species (those of presumed endemic species in springs are numer-
whose distribution is limited to the habitat in which ous, including those from Montezuma Well, Arizona,
they evolved) (Hynes, 1970). Springs provide rela- USA: a species of amphipodiyalella montezuma
tively uniform conditions in areas that usually undergo Cole et Watkins, the freshwater rhodophyatra-
great seasonal changes. Thus, organisms that havehospermum carpoinvolucru8heath et Vis, and the
widely inhabited an area in the past due to suitable diatoms Gomphonema montezumenSearnecki et
ambient climate conditions may be presently con- Blinn, Caloneis latiusculgKutz.) Cleve var.reimeri
fined to springs because the spring conditions match Czarnecki et Blinn andCyclotella pseudostelligera
their physiological requirements (Hynes, 1970). For Hust. f. parva Czarnecki et Blinn (Cole & Watkins,
example, Nielsen's (1950) study of a Danish spring 1977; Czarnecki & Blinn, 1979; Vis & Sheath, 1996).
revealed the presence of several species of TrichopteraSeveral other studies have examined the algal commu-
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nities of spring systems in North America, including approximately every two months from June 1996 to
those of Florida (Whitford, 1956), Utah (Rushforth September 1997 for macroalgae and diatoms. The
& Kaczmarska, 1984), Texas (Christensen, 1978; Vis sampling period was limited to 15 months due to
& Sheath, 1996) and Mexico (Cantoral-Uriza et al., accessibility, but this time frame encompassed the
1997). These studies have also reported the presencestream and algal community variation from an entire
of endemic algal taxa. year due to overlap in the summer season. The sam-
The springs along the Balcones Fault in Texas, pling site along the San Marcos River was located on
USA, are fed by the Edward’s Aquifer, which runs in the north side of the intersection of the San Marcos
a prominent line for approximately 112 km through River and Aquarena Springs Drive (284 N, 97
southwestern and western Texas (Crowe & Sharp, 54 W), while the sampling site in the Comal River
1997). Over the past several decades the viability was located in Landa Park, New Braunfels, approx-
of several springs of the Edward’s Aquifer has been imately 150 m downstream from the spring source
threatened due to extremely low spring flow, as a re- (29° 42 N, 98° 6 W). The entire area of the stream
sult of combined overuse and drought conditions over along each of the 20-m segments was thoroughly
a number of years. The Edward’s Aquifer is the sole searched for macroalgae and cover for each species
source of freshwater for nearly two million people, was estimated as described previously (Sheath and
including the city of San Antonio (Crowe & Sharp, Cole, 1992, and references therein). Representative
1997). Although several springs of the aquifer are specimens were preserved in 2.5% CadDffered
perennial, such as the San Marcos Springs and theglutaraldehyde for later microscopic confirmation of
Comal Springs, some springs now flow intermittently identification. Stream segments were also measured
or have ceased entirely (Christensen, 1978; Crowe & for maximum width and depth, mean current veloc-
Sharp, 1997). New species have been described fromity, water temperature, pH and specific conductance
the springs of the Edward’s Aquifer, including several using the following instruments: Lufkin red folding
amphipods (Holsinger & Longley, 1980) and a species rule, General Oceanics 2030 flow meter, Fisher pocket
of red algae (Vis & Sheath, 1996). In addition, several thermometer, and Fisher Accumet 1001 pH meter, and
endangered and rare species are found in the springs ofs TDSTesttM (0-1990.S cntl) conductance me-
the aquifer, including the Comal Springs riffle beetle ter, respectively. Daylength data were obtained from
and the fountain darter (Crowe & Sharp, 1997). Thus, the Astronomical Applications Department of the U.S.
further studies of these springs are warranted from Naval Observatory (internet web site). Six additional
both a resource and a biological conservation point of segments of spring-fed streams in Texas were sam-
view. pled for macroalgae in May 1996, and were measured
The present study was undertaken to investigate the for the same physical and chemical factors. These ad-
composition and seasonality of diatom and macroal- ditional sites represent a broad geographical area of
gal communities in spring-fed streams of south-central southwest Texas, and provide a comparative macroal-
Texas. Communities in both the San Marcos River and gal flora for spring-fed systems of this region of Texas
the Comal River (both of which are fed by the Ed- (Table 1). These sites were included to determine how
ward’s Aquifer) were monitored bimonthly for a 15- typical the macroalgal floras of the San Marcos River
month period. No studies to date have been performedand the Comal River are of southwestern Texas.
that document the macroalgal and diatom commu-  To test for heterogeneity of diatom distribution in
nity dynamics of spring-fed streams of the Edward’s the stream segments, five randomly distributed collec-
Aquifer on a temporal scale. In addition, macroalgal tions of five rocks each were brushed for an approx-
collections were made from other spring-fed streams imate area of 2« 2 cm, from each stream segment.
of the same aquifer to document spatial distribution It was determined that 83-91% of the taxa identified
patterns of freshwater macroalgae in south-central were present within the first 1000 frustules counted of
Texas. 5000, and so total counts of 1000 frustules were em-
ployed for the remainder of the study. Diatoms were
cleaned in 50% KO, for 24 hours, followed by 4—
Materials and methods 5 rinses in distilled water. Diatom suspensions were
dried onto glass coverslips and mounted in Nap®tax

One 20-m stream segment in each of the San Mar- Five replicate slides were made for each sample and
cos River and the Comal River, Texas, was Samp|ed 200 frustules were counted on each coverslip, to give
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Table 1. Locations of six spring-fed stream segments sampled from southwestern Texas for macroalgae

Sampling site Specifics of sampling location, collectors and date

TX31 Cypress Creek at Highway 12, town of Wimberley. Alison Sherwood and Robert Sheath, 30 May 1997

TX32 Highway 12, 2.7 km north of Gatlan Creek Rd. A. Sherwood and R. Sheath, 30 May 1997

TX33 Intersection of Highway 12 and Gatlan Creek, 1.0 km north of County Rd. 170. A. Sherwood and R. Sheath, 30 May
1997

TX34 Intersection of Rio Frio and County Road 1050, off Highway 83. A. Sherwood, R. Sheath and John Kingston, 31 May
1997

TX35 Highway 337 east of Leakey (0.2 km west of city limits), tributary of Rio Frio. A. Sherwood, R. Sheath and J. Kingston,
31 May 1997

TX36 Intersection of Bauerlein Creek and Highway 337, 0.2 km west of Cazey Creek Rd. A. Sherwood, R. Sheath and J.

Kingston, 31 May 1997

a total count of 1000 per sample. Macroalgae and San Marcos River contributed the majority of diatoms

diatoms were examined and identified using an Olym-
pus BH-S compound microscope equipped with an
Olympus PM-10AK camera system.

Abundance of macroalgae and the dominant di-
atom taxa £ 5% in at least one sample) from the San
Marcos River and the Comal River were tested for cor-
relation with physical and chemical conditions using
the Spearman measure of rank correlatipn< 0.05)

counted for every sampling period (Figure 2thnan-
thidium minutissimum(authorities in Tables 2 and
3) was clearly the most abundant taxon, accounting
for up to 98% of the diatoms identified in a sam-
ple. Other dominant taxa includéanphora pediculus
Cocconeis placentulaar. lineata, Denticula tenuis
Synedra famelicand Synedra ulnaMaxima in the
relative abundance ofichnanthidium minutissimum

(Conover, 1971) and the SigmaStat statistical packagewere evident in the October 1996, November 1996,

(Jandel Scientific, 1994).

Results

Water temperature and pH were relatively constant in

December 1996 and April 1997 collections, dbalc-
coneis placentulaar. lineatahad a peak abundance in
the February 1997 collection. In terms of the macroal-
gae, several taxa were observed at only one sampling
time (the rhodophyteSirodotia huillensisand Au-
douinella pygmaeaand the chlorophytdydrodictyon

the San Marcos River (temperature range 21.0-24.4reticulatum). Among those species that were present
°C, pH range 7.0-7.8) and the Comal River (tempera- in multiple collections, the green algaladophora

ture range 22.0-25, pH range 7.2—-7.4) (Figure 1a,

glomeratawas quite constant in abundance; among

b). Specific conductance in the San Marcos River was the red algae Hildenbrandia angolensipeaked in

also reasonably constant (550-628 cnt 1) as well

as in the Comal River (500-5705 cnT 1), except for
apeak in July 1996 of 760S cnT 1 in the San Marcos
River and 660uS cni! in the Comal River (Figure
1c). Current velocity varied more in the San Marcos
River (31-102 cm st) than the Comal River (15-50
cm s1), although both exhibited quite large fluctua-
tions over the sampling period (Figure 1d). Maximum

abundance from February 1997 — September 1997 and
Thorea violacedad a dip in abundance in November
and December 1996 (Figure 3).

A total of 46 diatom taxa and six macroalgal taxa
were identified from the Comal River (Tables 2 and 3).
In the Comal River the taxAchnanthidium minutissi-
mum Cocconeis placentulgar. lineataandDenticula
tenuis contributed the majority of diatoms counted

depth strongly varied in both stream segments (San (Figure 4). Other common taxa includ&mhcyonop-

Marcos River 60 =100 cm, Comal River 43 =100
cm) (Figure 1e), and daylength followed typical sea-
sonal trends with a peak of 14 h in June to a miniumum
of 10.3 h in December (Figure 1f).

A total of 68 diatom taxa and nine macroalgal taxa
were identified from the San Marcos River (Tables
2 and 3). The six most abundant diatom taxa in the

sis falaisensisCaloneis bacillumand Nitzschia am-
phibia. The relative proportions of diatom taxa were
much more consistent over the sampling period in the
Comal River than in the San Marcos River. Among
the macroalgae, the cyanophytgngbya tayloriiand

the tribophyteTribonema regularalso showed quite
constant abundance, whildildenbrandia angolen-
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Figure 1. (a—f). Physical and chemical measurements of stream conditions in the San Marcos River (circles) and the Comal River (squares)
over the sampling period: temperature (a), pH (b), specific conductance (c), current velocity (d), maximum depth (e) and daylength (f).

sispeaked in abundance in October—December 1996.  Twenty-one taxa of macroalgae were identified
The rhodophyteBatrachospermum globosporwand from the additional spring-fed stream segments sam-
Thorea violaceawere present in the stream segment pled (Table 2), including four Cyanophyta, twelve
only in May 1997 (Figure 5). Chlorophyta, one Chrysophyta and four Rhodophyta.
Tests of correlation of abundance values for Six of these macroalgal taxa were also identified
diatoms and macroalgae to stream conditions re- from the San Marcos River and/or the Comal River
vealed several significant correlations € 0.05). No (Cladophora glomerata Dichotomosiphon tuberso-
macroalgae were significantly correlated to stream sus Oedogoniumsp., Batrachospermum globospo-
conditions in the San Marcos River, but six diatom rum, B. involutum Sirodotia huillensi¥ indicating
taxa were correlated with water temperature, pH, that they are quite widespread within the state. Mea-
specific conductance, maximum depth or daylength surements of the physical and chemical conditions of

(Achnanthidium minutissimuriploneis parmaEn- these stream segments show that they have pH values
cyonema neogracileEncyonopsis falaisensig€ncy- that are circumneutral to slightly alkaling € 8.1),
onopsis microcephajaNavicula diluviand. Six di- moderate to high specific conductange= 443 uS

atom and two macroalgal taxa in the Comal River were cm~1), warm temperaturest(= 24 °C) and slow to
significantly correlated with pH, specific conductance, moderate current velocityt(= 28 cm s'1) (Table 4).
maximum depth or daylengthA¢hnanthes inflata Conditions in these stream segments are very similar
Achnanthidium minutissimumAmphora pediculus  to those found in the San Marcos River and the Comal
Cocconeis placentubear.lineata Nitzschia amphibia River at the same sampling time, except for slightly
Synedra ulna Dichotomosiphon tuberosudilden- higher pH values in the additional streams sampled.
brandia angolensis No taxa from either stream seg-

ment were significantly correlated with current veloc-

ity.
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Table 2. Macroalgae taxa identified from Texas spring-fed streams

Taxon TX7 TX9 TX31 TX32 TX33 TX34 TX35 TX36

Cyanophyta

Lyngbya tayloriiDrouet & Strickland X

Plectonema thomasinianu(ltz.) Born. X

Rivularia minutula(Kitz.) Born. & Flah. X X
Schizothrix calcicolgC. Ag.) Gom. X

Scytonema alaturgCarm.) Borzi X X X
Chlorophyta

Chara globularisThuill. X X X
unknown charophyte

Chaetophora elegand&oth) C. Ag. X

C. incrassataHuds.) Hazen X X
Cladophora glomeratdl .) Kutz. X X X

C. cf. glomerata(L.) Kutz. X

Dichotomosiphon tubersosi@A. Br.) Ernst. X X X X

Draparnaldia glomeratgVauch.) C. Ag. X
Hydrodictyon reticulatungL.) Lagerheim
Oedogoniunsp. X X
Spirogyrasp. X

Tolypella intricata(Trent. ex Roth) Leonh. X X X X
Zygnemasp. X
Chrysophyta (Bacillariophyceae)

Cymbella cistulgEhren.) Grun. X
Chrysophyta (Tribophyceae)

Tribonema regulard®ascher X

Rhodophyta

Audouinella pygmaeéKiitz.) Weber-Van Bosse X

Batrachospermum globosporusraelson X X
B. involutumVis & Sheath X X X

B. louisianaeSkuja

Hildenbrandia angolensigVelw. ex West & X X
West

Sirodotia huillensisNelw., W. & G.S. West X X
Thorea violaced@Bory X X

x X

x

X

Discussion variation in current velocity and maximum depth in
the two Texas spring-fed rivers may be explained in

Several physical and chemical conditions in the San Part by fluctuations in the spring discharge, which
Marcos River and the Comal River were relatively have been occurring with mcreasmg.frequency in the
constant over the sampling period (water tempera- Past _geveral decades dug to a combination pf drought
ture, pH and specific conductance), while others var- conditions and overpumping by the surrounding popu-
ied strongly (current velocity and maximum depth). lation (Crowe_& Sharp, 1997). In addltl_on,the location
Similarly, other studies have demonstrated that most Of the study sites in relation to the spring sources may
spring conditions are quite consistent over the year have influenced these measurements. The San Marcos
(e.g. Whitford, 1956; Stern & Stern, 1969), while River sampling location was several hundr.ed metres
some factors, such as current velocity, are expecteddowrmm""Im from the springs, while the site on the

to vary more on a seasonal basis in streams that arecomal River was less than 100 m from the spring
not spring-fed (Duncan & Blinn, 1989). The stronger Source. Consistent with this observation, the variation
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Table 3. Diatom taxa identified during a 15-month seasonality study of the San Marcos River and the Comal River, Texas

Taxon TX7 TX9
Achnanthes curtissim@arter X X
A. inflata(Kutz.) Grun. X
A. lanceolata(Bréb.) Grun. varrostrata (Ostrup) Hust. X X
Achnanthidium affinéGrun.) Czarn. X X
A. minutissimuntKitz.) Czarn. X X
Amphipleura pellucidgKitz.) Kutz. X

Amphora pediculugKiitz.) Grun. X X
A. sabinianaReimer X X
Aulacoseira granulatdEhren.) Simon. X

A. italica (Ehren.) Simon. X X
Brachysira vitrea(Grun.) Ross in Hartley X

Caloneis bacillum(Grun.) Cleve X X
Cocconeis placentul&hren.varlineata (Ehren.) Van Heurck X X
Cymbella cistulgEhren.) Kirch. X

C. microcephalaGrun. var.crassaReimer X

Denticula tenuiKitz. X X
Diploneis parmeCleve X X
Encyonema cespitosuitiitz. X

E. neogracileKrammer X X
E. silesiacun(Bleisch in Rabenh.) Mann X

Encyonopsis falaisens{&run.) Krammer X X
E. microcephalgGrun.) Krammer X X
Eunotia bilunaris(Ehren.) Mills X X
E. pectinalis(Dill.) Rabenh. X

E. formicaEhren. X X
E. soleirolii (Kitz.) Rabenh. X X
Fragilaria capucinaDesmaz. X X
F. capucinaDesmaz. vammesoleptgRabenh.) Rabenh. X

F. crotonensiKitton X X
F. exiguaGrunow X

Fragilariforma virescengRalfs) Willams & Round X X
Gomphonema clavatuighren. X X
G. mexicanun@Grunow X X
G. parvulum(Kutz.) Kitz. X X
G. subtileEhren. X X
G. truncatumEhren. X

Karayevia cleve{Grunow in Cleve & Grunow) Round & Bukhtiyarova X X
Meridion circulaire (Grev.) C. Ag. X

Navicula arvensiglustedt X X
N. confervace&tz. X X
N. diluvianaKrasske X X
N. libonensisSchoeman X

N. menisculu$Schumann X
N. radiosaKuitz. X X
N. radiosaKitz. var.tenella(Bréb.) Van Heurck X X
N. rhynchocephal&utz. X

N. sabinianaPatrick X

N. schroeteriMeister X

Continued on p. 79
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Table 3. contd.

Taxon TX7 TX9

N. venetaKutz. X X

Nitzschia amphibiarun. X X

N. hantzschian&abenh. X X

N. rectaHantzsch X

Opephora olseniMoller X

Planothidium delicatulungKitz.) Round & Bukhtiyarova X X

P. lanceolatumBréb.) Round & Bukhtiyarova X X

Psammothidium levandefiHust.) Czarn. in Czarn. & Edlund X X

Reimeria sinuat¢Greg.) Kociolek & Stoermer X

Rhoicosphenia abbrevia{&. Ag.) Lange-Bertalot X X

Rossithidium lineari§Wm. Smith) Round & Bukhtiyarova X X

Staurosira construen&Ehren.) Williams & Round X

S. elliptica(Schumann) Williams & Round X

Surirella angust&itz. X

Synedra amphicephalditz. X X

S. famelicaKutz. X X

S. parasitica(W. Smith) Hust. varsubconstrictaGrun.) Hust. X

S. teneraW. Smith X

S. ulna(Nitz.) Ehren. X X

Terpsinoé music&hren. X X

Table 4. Physical and chemical characteristics of spring-fed Texan stream segments sampled for macroalgae
Location Temperature pH Specific Maximum Mean current Daylength (h)
(°C) conductance depth (cm) velocity ((sml)
(uScm™1)

TX31 23.0 8.2 475 42 55.0 14:02
TX32 25.0 8.2 490 >100 29.0 14:02
TX33 27.0 8.1 460 >100 25.7 14:02
TX34 24.5 8.2 430 >100 20.9 14:02
TX35 19.0 7.8 360 55 13.2 14:02
TX36 26.0 8.3 440 >100 25.7 14:02

in physical and chemical conditions was larger over- Likewise, of the 46 diatom taxa and six macroalgal
all in the San Marcos River than in the Comal River, taxa identified from the Comal River, only six diatom
possibly indicating a greater influence by runoff wa- and two macroalgal taxa showed significant correla-
ter into the stream. No significant correlations were tion to stream conditions. Thus, the vast majority
observed among physical and chemical conditions of of algal taxa do not display seasonal variation that
the streams, such as pH and specific conductance, twocan be explained by fluctuations in measured stream
factors which are commonly reported to be correlated conditions. This phenomenon may be due to the rel-
(e.g. Sheath et al., 1988). atively constant conditions present in the streams. In
Of the 68 diatom taxa and nine macroalgal taxa the San Marcos River, most of the diatom taxa that
identified from the San Marcos River, the occurrence were significantly correlated to stream conditions are
of only six diatom taxa was significantly correlated to known to be cosmopolitan in distribution (Patrick &
the physical and chemical conditions of the stream. Reimer, 1966; Lowe, 1974), indicating that they can
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Figure 2. Relative proportions of the six most common diatoms (June 1996-September 1997).

identified from the San Marcos River over the sampling period

(June 1996-September 199Achnanthidium minutissimurwas

the dominant diatom species in almost all seasonal samples from . . L
the San Marcos River. Hildenbrandia angolensjswere significantly corre-

lated with daylength. Thus, the seasonal abundances

of some of the dominant algal taxa may be linked to
most likely tolerate a variety of stream conditions. The the number of daylight hours, as has been shown in
most abundant diatom taxon in the San Marcos River, previous studies (Korch & Sheath, 1989; Hambrook
Achnanthidium minutissimymeached its peak abun- & Sheath, 1991; and references therein). The red alga
dance in the October, November and December 1996 Hildenbrandia angolensiszas negatively correlated to
collections, as well as in the September 1997 collec- daylength, indicating that it tends to be most abundant
tion. These sampling dates also correlated to the great-in the winter months when fewer hours of daylight
est changes in current velocity (Figure 1d). The strong are available. This observation is consistent with other
presence of. minutissimunat these times, then, may reports for the alga (e.g. Starmach, 1969), which usu-
be explained as an early successional stage of the di-ally describe it as being found predominantly in shady
atom community after scouring events (Rushforth et areas.
al., 1986). In the Comal River, several of the dom- Although the need for more study on the algal
inant diatom taxa exhibited significant correlations to communities of spring systems has been recognized
stream conditions, such Btzschia amphibiavith pH in the past (Whitford, 1956; Sabater & Roca, 1990),
and Achnanthidium minutissimumvith specific con- most research to date has concentrated on the diatoms
ductance. However, the variations in these conditions (e.g. Christensen, 1978; Cantoral-Uriza et al., 1997).
were not great. In addition, all diatoms significantly The epilithic diatom flora of the San Marcos River
correlated with stream conditions are reported to be and the Comal River contains many of the taxa com-
cosmopolitan in distribution (Lowe, 1978), rendering monly reported from springs around the world. For
them unsuitable as ecological indicators. Two diatoms example, nine of the 57 diatom species reported from
(Cocconeis placentulaar. lineataand Synedra ulni Mexican springs by Cantoral-Uriza et al. (1997) were
and two macroalgaédjchotomosiphon tuberosasd also identified in this study, including several of the
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Figure 4. Relative proportions of the six most common diatoms
identified from the Comal River over the sampling period (June
1996-September 1997). The assemblage in the Comal River is not
as heavily dominated by a single species as it is in the San Marcos
River. of Rhodophyta and Chlorophyta were found, with
the Cyanophyta and non-diatom Chrysophyta com-
posing relatively small proportions of the macroal-
dominant taxa (e.gCocconeis placentulear. lineata gae identified. In the six additional spring-fed stream
and Denticula tenuiz Cazaubon & Rolland (1995) segments sampled, a large variety of Chlorophyta
noted some of the same taxa from springs in France were collected, along with several Cyanophyta and
(Rhoicosphenia abbreviat&somphonema parvulum  Rhodophyta. These relative proportions of macroal-
Achnanthidium minutissimufasAchnanthes minutis-  gal groups are similar to those reported by Sheath &
simd), as did Sabater & Roca (1990) from springs Burkholder (1985) for softwater streams in Rhode Is-
in the Pyrenees (e.@chnanthidium minutissimufas land, and by Sheath et al. (1996) for tundra macroalgae
Achnanthes minutissithaCaloneis bacillumDentic- of North America. Chlorophyta are usually domi-
ula tenuisand Synedra ulnf The previous study on  nant, and the Rhodophyta also often form a signifi-
the diatom flora of the San Marcos River and the Co- cant proportion of these floras. In Whitford's (1956)
mal River (Christensen, 1978) reported many of the study of springs and spring-fed streams in Florida, he
same taxa as this study. We identified several addi- noted that the periphyton forms the important com-
tional taxa, however, includindmphora sabiniana ponent of the algal springs community, but several
Brachysira vitrea Encyonopsis falaisensiReimeria rhodophytes, chlorophytes and cyanobacteria were
sinuataand Rhoicosphenia abbreviataome of them also common members. Whitford (1956) reported
as dominant members of the flora. species ofCladophora Chara Thoreg Oedogonium
Our study included a survey of the abundance and Lyngbyaas being widespread, and these taxa
of macroscopic algal taxa present in the two stream were also abundant in our survey of spring-fed stream
segments, as well as macroalgae identified from six macroalgae in Texas.
additional spring-fed stream segments in Texas. In  Two of the streams sampled (TX31 and TX35)
the San Marcos and Comal River a large proportion contained the recently described red aRgtrachos-
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permum involutumThis alga was described in 1996 Duncan, S. W. & D. W. Blinn, 1989. Importance of physical vari-
from the San Marcos River, Texas (Vis & Sheath, ables on the seasonal dynamics of epilithic algae in a highly

. _shaded canyon stream. J. Phycol. 25: 455-461.
1996) and was thotht to be endemic. Our observa Hambrook, J. A. & R. G. Sheath, 1991. Reproductive ecology of

tions of this alga represent the first report beyond the  the freshwater red alggatrachospermum boryanusirodot in a
type locality, and thereby extend the known range of  temperate headwater stream. Hydrobiologia 218: 233-246.

the alga to the western areas of the state of Texas. Holsinger, J. R. & G. Longley, 1980. The subterranean amphipod

. . . crustacean fauna of an artesian well in Texas. Smiths. Contr.
In conclusion, this study represents the first exam- "0 o0

ination of seasonal abundance trends for both diatomsyynes, H. B. N., 1970. The Ecology of Running Waters. Liverpool
and macroalgae in the spring-fed systems of Texas. University Press, Liverpool: 555 pp.

Our findings are consistent with previous studies of Jandel Scientific, 1994. SigmaStat Statistical Software. San Rafael,
. . CA, U.S.A.

sprmg—feq streams Wh'Fh have reported seasonal 'f|0- Korch, J. E. & R. G. Sheath, 1989. The phenologyoéiouinella vi-

ras of springs to be quite constant, as well as having  olacea(Acrochaetiaceae, Rhodophyta) in a Rhode Island stream

common conditions, such as high pH and specific  (USA). Phycologia 28: 228-236.

Lowe, R. L., 1974. Environmental Requirements and Pollution
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Note added in proof

We have identified a sample collected in January 1999 from Austin, Texas as the rdglastgehospermum
boryanumSirodot, which is a new record.



