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Abstract

Tidal pools in the Mexican Tropical Pacific coast have received relatively little attention in spite of their
considerable richness in species and wide distribution in the region.

This paper presents the first characterization of the algal flora of this region. It analyzes the number
and composition of species of the tidal pools of six localities with regard to geographical distribution
and its seasonal variations as well as tidal level. 97 species are reported, 25 Chlorophyta, 23 Phaeophyta,

34 Rhodophyta and 15 Cyanophyta.

Of that total of species, 63% were found in one locality, 23.7%; in two, 11.3% in three and 19, in 4
or 5 localities. Not one species was common to all of the pools.

The highest number of species was found on pools of the middle and low intertidal where the
Chlorophyta, Rhodophyta and Phaeophyta were the most abundant algae. Cyanophyta was more com-

mon in the supralittoral and high intertidal pools.

Introduction

Tidal pools form a widely distributed habitat
along the Mexican Tropical Pacific (MTP) lit-
toral, being part of several general habitats such
as rocky platforms, rocky points, mounds, etc.
(Table 1).

A diverse series of papers has been published
about pools, including characterizations using
only abiotic environmental characteristics (Klugh,
1924), and characterizations which incorporate
information about their biota (Johnson & Skutch,
1928; Davy de Virville, 1934-1935; Daniel &
Boyden, 1975; Lubchenco, 1982; Sze, 1982;
Femino & Mathieson, 1980; Dethier, 1982; Gal-
lardo & Pérez-Cirera, 1982).

In recent years, more detailed studies have been
done, with an evaluation of the abundance of

species and their changes in space and time, but
most of them have been carried out on temperate
coasts either of North America (Daniel & Boy-
den, 1975; Lubchenco, 1982; Sze, 1982, Femino
& Mathicson; 1980; Dethier, 1982) or Europe
(Davy de Virville, 1934-1935; Gallardo & Pérez-
Cirera, 1982}. No study has been published con-
cerning tidal pool algae on the coasts of Mexico.

In this paper we have integrated information
from several unpublished professional theses on
macroalgae from 6 localities in the Mexican
Tropical Pacific (Fig. 1).

Materials and methods

Even though the data come from studies with
different orientations, we are endeavouring to
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Table 1. General characteristics of tidal pools.

Localities 1 2 4 5 6
Geographic 26°46' N 20°52' N 18°04' N 16°20°' N 15°44' N 16° 10" N
Ubication 105°33' W 105°27" W 102°43" W 98° 35" W 96°46' W 95° 07" W
General habitat RO RO RP RP RP CR

Tidal level HI-LI Ml SL-LI SL-MI HI-L1 HI-LI
Isolation at low tide I I I-C 1 I-C 1

Wave exposure M-L M H-M H-M M-L H-M

Localities: 1 = Manzanillas, Nayarit. 2 = Sayulita, Nayarit. 3 = Caleta de Campos, Michoacin. 4 = Punta Maldonado, Guerrero.
5 = Barra Santa Elena, Oacaca. 6 =La Ventosa, QOaxaca. Tidal level: SL = Supralittoral, HI = High Intertidal, MI = Middle In-
tertidal, LI = Low Intertidal. General habitat: RO = Rocky point, RP = Rocky platform, CR = Crags. Isolation at low tide:
I = Intermittent, I-C = Intermittent-continuous. Wave exposure: H-M = High to medium, M-L = Medium to low, M = Medium.

elaborate a first characterization of the fiora of
this habitat in the region, that will serve as the
basic phycofloristic inventory for future studies.

The localities and their collecting dates were:
Manzanillas, October 1987 and April 1988,
Sayulita, October 1987, Caleta de Campos, Au-
gust 1990 and May 1991; Punta Maldonado, July
1988, July 1989 and January 1990; Barra Santa
Elena, May 1986 and La Ventosa, September
1981.
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LOCALITIES

1. Manzanillas, Nayarit

2. Sayulita, Nayarit

3. Caleta de Campas, Michoacan
4. Punta Maldonado, Guerrero
5. Barra Santa Elena, Daxaca
6. La Yentosa, Daxaca

Fig. 1. Study localities on the Mexican Tropical Pacific.

A total of 89 samples was analysed: 9 from
Manzanillas, 2 from Sayulita, 16 from Caleta de
Campos, 19 from Punta Maldonado, 14 from
Santa Elena and 29 from La Ventosa.

Table 1 lists the geographic coordinates and
several relevant characteristics (general habitat,
tidal level, wave exposure, etc.) of the pools from
each locality.

In each locality the tidal pools collected were
those which showed the greatest diversity regard-
ing macroalgal flora. Cyanophyta that formed
conspicuous mats were collected only at 4 local-
ities, therefore the absence of these species in
some localities of Table 2 does not necessarily
mean that the species were absent from the lo-
cality. Sampling was carried out according to the
position of the algae in the tidal pool: margins
{MA), walls (WA) or bottom (BO), except in
pools where the flora was homogeneous. In this
case, only one sample per pool (PO) was col-
lected.

Due to the fact that it was not possible to ob-
tain information about the dimensions, tempera-
ture, pH and salinity of every pocl, we only es-
tablish general correlations between the algal flora
and some characteristics of the pools.

The global floristic similarities between pools
from different localities were analyzed using
presence-absence data with Jaccard’s similarity
coefficient and the cluster analysis (UPGMA)
with the NTSYS program.



199

0od ‘vm IH-TS * * ‘punes wnseunved uoyprBuodsowdogy
Vi N * freol wey (1pAoH) sioforISyITER Dluutupld §
Ood 14 * 10qQY 7§ "qUI[OH (‘PUNBS) DIMPpUYAT DUDMPIES

TR {"yssany) snaviuddd ‘1eA
VI 1IN * ‘1of 2T (o) sapoatafieod sndamooidg

pun @ auasey] (ony) pduradsop IBA
vm VI | TN-IH * * ‘1of 71 (NON) Sopiondafiucr sndmoorsg
M [14] * QUI[OY supmus panjdicy
Od 1IN * * smiqq smumd snydopier
VI I'T * 1anauyay Wnfd ; moding
Y™ TI-1IN * moweT (‘spn]) puicioyap v1odiig
Od o * ¥ * INOWIR] DUDISAABIDG B104191T
eiigdosey
A24! W * "D W °§ (TN3) viogo} bajp)
VI I'l * * * T poniany pag]
VN I'T * * 3Lay, BALOSIDT DA
VN IN * 29I X2 UTUN) % "001d ((ATEH) Supsowdistuy taandy
VM IH * Koarel] xa Zany (y10Y) wenindit wnjusiIoziyy
0" ‘vM 'V ‘Od 1T-T * * * * * * “39(] BAPIOISIP DPIUDE
VM TN * ‘ds pydeowosanug
VAaCVIN I'T-IN * By [ vipnduy vydiowioiomg
¥m VIR I'T-TH * ssoN () vssaudues pydiowosiug
VM 1IN ® UPIRD) 1f2Y128 WIPeT)
04 ‘0d IT- TN * i JOJAR] IDLDUDINGS UnIpeT)
VM VI I'T-IN * * * BAJIS 2[MpPa WRipos
08 ‘'vm IT-IN * JuanBL] xa -pleuey suaasaidiu naoydopnrd
VM N * ‘e saprojpri0n nioydopor?)
od Il * i (ML) Suaaaagan) paoydopor)
VMAVIN 1T-1H * * Ay (8eaN]) ppign vaoydopoi)
VM VI TT-TN * * ddony '§q W 'V HIPuUDLGajiny SIusapoiop)
VN 1H * oD paofiine vydiowoiany)
v VI N ¥ ‘Broq aviseayom vdiamsry
0d VI N * * * amoY ([PWL) "Ly §) saproupiniias pdiamp)
Od IT * ” * * By [ (CqssIo) vsowsIns ndaamn)

‘qng (Inows ) pivyad “1eA
VM 11 * “ga-an (TR mimaugua =) anowe T piegad pdiapmo?)
¥] VI I * By [ vpunuusd g
Y] VI IN % ” & Jo[Ae [ sisualndpod sisdodeg
Vm IT-IN * qET-5Us|0g Bjradpd DGl
eiiydoroy)

1243] dag Aepw uey mr mr ] o Sny 120 dy 2O
sjood w lepi

oreIo] [ood 9 13 t 4 sagueae]

“suoneoo| sarvads pue saaa] [epn sjood ‘seads jo wonngnsyy 7 AgYL




200

VMCVI -1 * “SMEB(] DofD] DIUAMDT
od 1A * * * ‘SME(] BHPIIaP DIUAINTT
0d 'V ‘Od N * * * * * ‘uRAD ((ZY) pifauat DDy
08 ‘Y I'T-1H * * Gy [ x5 yosa1y vayfiond vrung
VM VI IT-IW * * * ZY (8 D) paunds pauddgy
¥m VIN N * * * * * * By [ vseuund paud(g
ot IT- 1IN 5 ® * By [ Stuionae) paud g
0 v VI TH-1S ® * * ‘Foudpy] (PHISIUUIOS) 2GHL VIPUDIGUAPIE
o VM VI I-1W * aquy (‘8y D) ppunsas nuwydisodiagy
04 ‘'VM ‘VIA 1T * B 1 (B 1) 4070015034 pidnopaivin
YN TW-TH * Tof 31 (ovIg) wngisnd wimpian
od 'vm IT-1W * ¥ ® 0y % 'S Sppuar sisdopyan
VM VIR IH ¥ ‘SMEB(] IY20UDY DIfAIPIA0
od I * Jnotre| {jos % “[[d) rsednt pinvxony
o4 IN * “2a(] MiBuspf panpxng
0d 1T * By D ((mpoopy) pydyddspp nupuoy)
VMOV N * ‘QUIIOH PIDRID DUpUCY”)
VI 'Od IN * * OO ("8V D)) WHIDINAD]D SDAB00AHIT)
VM CVI W * * * uesIAl], (3} swdofixoy sisdodpandsy
VA VA 'Od IT-1H * * * opug & sapiomoa nogydury
od I'T N “mowre] opSu podayduy
v ‘od )] # OpUa & SISUFDSIM Dosydury
0d ‘v VI I'T-1W * * * * * 10jkR ] tpapesw pogydwy
04 ‘YN 11 * ® ‘wie] pydiowp voayduty
M 11N * * ® ‘sme(] sdaomasig vonyduy
0 'VsM VA 'Od I'T-IN S INOWET] #SIAnDag vosyduly
YN N * ‘3e [ prwdue? mmafuyy
eiiydopoyy
VA VI IN-TH * "YSAus sapomqLy pUBaIDYdS
0F 'vM VW 'Od | TW-IH * * * ‘WY PrpISi pLDRIDYdS
of VM 'Y 1T-1W * * % BY [ qupWgRy WRSSHIIDS
od ‘'vm ‘0Od T 5 " % "YOI2§ NYAMOY WRSSDIIDS
VM IN * ‘quapiol] pafanur vy
VM YIN 1T * * * * * By 1 (8v 1) psupdxa pisfioy
VM VI TW-TH * * * qUS|IOH PsRfuod msfjny
04 ‘'vm ‘od IW-1H M * # % Bpuog (‘) péodsouud3 pupn g
0fg 'vam VI T TN ® * * * * * AI0g 1apfpaang pupng
Of ‘¥m VI N * " KA SWa08249007 € DUIPDg
v '0d 11 * * KATUT Sua0saMD2 DUIPDS
VM VI TW~-TH * * ‘SIBWOA ((Inowe ) mnfaupa vioydogeT
VMY A * * BA[IS (BY '[) minpronsnisig visyouIE

Teaay dag ey uef Ing mr Ly Iny 10 dy 120

sfood ut 1Bpn

orEs0] Joog 9 $ ¥ z SaNMEIC]

(panunuo)y) -7 aquL




201

'0d = [00d “Of = WONOg VM = SIEAM ‘VIN = mBIey :sood w uoneoo
"[EPISIN] A0 = '] ‘[EPYISIN] S[PPUN ‘T ‘TEPIIRIUL YSIH = [H ‘eronyeidng = IS [oad] [PLL

BORYR() ‘BSOIUIA

B = 9 "BOBXE() ‘BUI[1] BIUBS BLEH = ¢ O ‘OPRUOPRIN BlUN] = § "UBdROUDIN ‘sodWwe’y op 819 = ¢ “JUBARN ‘BNNARS = "ILBARN *SE[|IUBZUR]A] = | SINIEI0]

Y YA 1H * WOWOL) X2 P[] 13jjoM "Fe Puisuoiddld
VI IH ® wory ("ZINY)} 20ulj0L00 DLGIDIIIS(
Y N * VRN DagAIRYD BLOIDIOSE
YW 1H * TUOL) SHIHLIAUBT SHIJOIGLTFY
VI IH * ToINy L, $A5OFdOUONYD SRIJOICINFY
YAV TH-TIS * wony xa 3y [ ('3 ) vuaydias nlgsudT
VM VI 1H-T1S * * * © Koureyy ppiosniow pdqludy
Y N ® won) X8 By ) sapwasafues vdlgludy
Y 114 * WO X3 Z)Y] WnadvAgiud; winapoeapdpy
TUOL) DAL "TRA
s N * WO wnsounys wnajolodpdE
VH IN-TIS * * * BIYT DIXISHID XKLfom)y
YN IH * ‘el 1° ‘ulog (' PIEUBZ) HUAIMUUD XLYIOIDD)
Od 18 * ® ‘Ssuely syziony vsdosoupydy
0d'vm | IW-TH * ‘ds puangouy
Od s * * AIOY FAPIOLDIIISO DUADGHUY
erigdourin
od N * * ® uiAy zafiond pusdpoyy
0Od 'VM VI ‘'Od TH - 5 SMEBC] (MO} SAPIOSSOIS0IRs MpoIdoddid
‘queoH ("8 [} winjia “IBA
0d ‘vA 11 % “ATRY wrLomdoos muoydisajog
VI IH * ‘qqy ("ATeH) wnsopatvnbs wnuodsouoay
VM VI I'T-EN * ® SAMAB(] PUDHX I DIU0ss A
0d I'l * V0ZIUI(] HHOSMDP DYIUUOSSLa]
VIN 1H * OPUI L SISUDINPOYDY DUDIUIMOT]
[243] dag e uer mr mg Ao ny 10 1dy 120
sjood ut 12pn
UOHEIOT [ood 9 S 14 4 SM[EI0]

(penunuo)) 'z 4qvL



202
Results

A total of 97 species (Table 2) was determined,
including 25 Chlorophyta (24.8%,), 23 Phaeo-
phyta (23.7%,), 34 Rhodophyta (35%,), and 15
Cyanophyta (15.5%,) (Table 3).

61 species (639, ) were found in the tidal pools
of only one locality; 23 (23.79%,) were present in
two localities; 11 (11.39%) were present in 3 lo-
calities; and 1 (19%,) in 4 or 5 localities. Not one
species was common to all of the pools (Table 3).

Table 2 lists the distribution of tidal pool algae
with respect to tidal level. The majority of species
of Cyanophyta (11 species) were recorded in
pools located at the highest levels of the littoral
zone, whereas species of Chlorophyta (23 spe-
cies), Rhodophyta (29 species) and Phacophyta
(22 species) were recorded mainly for the middle
and low intertidal zones.

With regard to the distribution of species in
different portions of the pools (Table 2) we have
found that the Cyanophyta showed a tendency to
be found on the margins (11 species), whereas
Chlorophyta (15 species), Rhodophyta (18 spe-
cies) and Phaeophyta (19 species) were more
common on the walls, but the proportions found
in the bottom and margins are not so contrasted
as in Cyanophyta species.

Figure 2 shows the dendrogram resulting from
the application of the similarity index to species
composition between localities. The values oscil-
late between 0.072 and 0.258.

Table 3. Percentages of shared species among localities.

Discussion

Analyzing Fig. 2 the low values of similarity be-
tween localities reflect the fact that few species
are shared by different localities. Considering
species present in two or more localities (Tables 2
and 3) it is clear that floristic affinity has a ten-
dency to increase when the localities are closer
(Figs 1 and 2), as a result of the differential geo-
graphical distribution of algal species in the re-
gion. On one hand we have species common to
pools of the northwestern portion of the region
such as Brvopsis galapagensis, Codium santamar-
iae, Padina caulescens, Sargassum howelli, Amphi-
roa valonioides, Pterocladia caloglossoides, and on
the other species common to pools of the south-
eastern part such as Ulva lactuca, Amphiroa bre-
vianceps and Jania pacifica. Species with the wid-
est distribution in pools of 4 or 5 localities are
Pading durvillael, Padina gymnospora, and Hal-
imeda discoidea.

Analyzing Tables 2 and 4 it is evident that the
algal fiora of tidal pools of the 6 localities varies
greatly, both in number and in species composi-
tion. It seems that the differences in the number
of species per locality is the result of a combina-
tion of factors, including the diversity of physio-
graphic characteristics, number and place of the
pools in the littoral zone, as well as the type of
general habitat and environmental heterogeneity
present at each locality.

In general we found that pools located in the

Division Total # Exclusive Spp common to Spp common to Spp common to Spp common to

of species species 2 localities 3 localities 4 localities 5 localities
Chlorophyta 25 17 6 1 1 -

(24.8%) (68%;) (247} {4%) (4%) -
Phaeophyta 23 12 7 3 - 1

(23.7%) (52.3%) (30.4%) (13%) - (4.3%)
Rhodophyta 34 19 10 5 - -

(35%) (55.9%) (29.4%) (14.724) - -
Cyanophyta 15 13 - 2 - -

(15.5%) (86.7%) - (13.3%) — -
Totals 97 61 23 11 1 1

(1003;) (63%) (23.7%) (11.3%) (1%) (1%)
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0.220 0.260 0.300

Level

MA 0.258

SA 0.144

CA 0.072 .

0.176

SE 0.112

VE

Fig. 2. Floristic affinity of algae from tidal pools of different localities. Jaccard's similarity coefficient. Method = UPGMA. MA:
Manzanillas, Nayarit; SA: Sayulita, Nayarit; CA: Caleta de Campos, Michoacin; PM: Punta Maldonado, Guerrero; SE: Santa

Elena, Qaxaca; VE: La Ventosa, (axaca.

middle and low intertidal have the highest num-
ber of species. Therefore, those localities where
these types of pools predominate are the most
diverse, such as Barra Santa Elena and Caleta de
Campos with 40 and 28 species, respectively. On
the other hand, at Punta Maldonado with pools
located mainly on the supralittoral fringe and high
intertidal, only 21 species were present (Tables 1
and 4). Similar results have been reported by
Johnson & Skutch (1928), Sze (1982} and
Gallardo & Pérez-Cirera (1982). Sayulita with

Table 4. Number of species per locality.

few and very homogeneous pools, was the locality
with the lowest number of species (17).

Concerning the physiographic characteristics
of the pools, we found that the shallower the pool
the lower the number of its species, but this gen-
eralization does not hold true.

Analyzing differences in species composition in
the different localities, it is evident that in spite of
the fact that the greatest number of species was
found in only one locality, the said species do not
necessarily have a restricted distribution but in-

Division Total of Localities
species
1 2 3 4 5 6

Chlorophyta 23 7 1 8 4 11 5
Phaeophyta 23 7 7 10 3 10 3
Rhodophyta 4 10 9 9 10 10 6
Cyanophyta 15 - - 1 4 9 5
Totals 97 24 17 28 21 40 19

Localities: 1 = Manzanillas, Nayarit. 2 = Sayulita, Nayarit. 3 = Caleta de Campos, Michoacan. 4 = Punta Maldonado, Guerrero.

5 = Barra Santa Elena, Qaxaca. 6 = La Ventosa, Oaxaca.
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stead are fairly common in other habitats in a
considerable number of localities of the MTP re-
gion. Such is the case of Diciyota dichotoma,
Chondria arcuata, Gelidium pusillum, Enteromor-
pha compressa, Struvea anastomosans, Bryopsis
pennatula, Caulerpa sertularioides or Amphiroa
beauvoisii (Dawson, 1961; Gonzalez-Gonzalez,
1992).

Seasonal variation in species composition of
pools was not clearly evident in two of three lo-
calities for which we have this kind of information
(localities 1, 3 and 4: Table 2}. Changes in com-
position were conspicuous in Sayulita (19 out of
24 species changed) where this habitat is poorly
represented, whereas changes in proportion of
species (personal observations) occur in Caleta
de Campos (9 out of 28 species changed), where
the habitat is widely represented and diverse. In
Punta Maldonado we observed two types of
changes: a seasonal one with 13 species in com-
mon and 8§ that changed and an interannual one
with 4 species in common and 13 that changed.

An additional cluster analysis was made with
a matrix of presence-absence of species of 89
samples on one hand, and environmental condi-
tions on the other. The results obtained have not
allowed the recognition of exclusive groups of
species due to the fact that the information gath-
ered is too general and we lack additional data
such as abundance of the species. However, from
our personal field observations we have been able
to describe the growth forms that are present in
tidal pool algae. The said forms can be defined
not so much by species composition as by their
growth forms and the predominance of certain
species. In other words species can be found
in pools with different conditions but may be
conspicuous only in some of them, being larger,
more numerous or with different degrees of
intertwining between species (for example in
‘mats’). Following is a description of the most
common growth forms and their environmental
conditions:

Filamentous and crustose forms (Hildenbrandia
rubra, Anabaena oscillarioides Calothrix crustacea,
Lyngbya majuscula Aphanocapsa litoralis) charac-

teristic of the supralittoral and margins of pools
of the high mesolittoral.

Short mats (Prerocladia caloglossoides, Sphace-
laria rigidula, S. tribuloides, Bryopsis galapagensis,
Caulerpa sertularioides, C. vickersiae, Enteromor-
pha lingulata and Gelidium pusillum), present on
walls of high mesolittoral pools and margins of
those of the mid mesolittoral.

Long mats (Acetabularia parvula, Hyprea pannosa,
Laurencia lajolla, Cladophora microcladioides, Co-
dium edule, Amphiroa species), found on walls and
margins of tidal poocls located in the mid and low
mesolittoral respectively.

Erect thallus forms (Codium santamarive, Amphi-
rog rigida, Hypnea cervicornis, Laurencia decidua,
Rhodymenia pacifica, Halimeda, Padina and Sar-
gassum species), present either on the bottom, on
walls or margins of tidal pools located in the mid
or low mesolittoral. The specific composition
shows that pools are one of the most diverse
habitats in the littoral zone. The phycofloristic
composition and number of species in tidal pools
were found to be correlated with geographic dis-
tribution of localities, the position within the lit-
toral zone and microhabitat heterogeneity of the
pools.

In order to obtain a better understanding of
tidal pool algae in the MTP region, the incorpo-
ration of both more detailed information and new
localities, uniformity in the data gathered and
equivalent units of comparison that consider both
the algal associations and related environmental
conditions are necessary. This applies not only to
the species or associations and conditions present
in this habitat but also to those of other habitats
that arc present at the same locality.
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