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ABSTRACT 

Four species of clingfishes, Tomicodon humeralis, T. 

boehlkei, Pherallodiscus funebris and Gobiesox pinniger are 

well-established in the northern Gulf of California rocky 

intertidal zone. Eleven intertidal stations representing 

key clingfish habitats were studied in three discontinuous 

regions encompassing a 340 km geographic range from Puerto 

Penasco to Kino, Sonora, Mexico. The extent of utilization 

of the intertidal zone by each species was evaluated by de

termining the species abundance, diversity and vertical dis

tribution for each station. The extent and type of rocky 

habitats within the northern Gulf is an important element in 

controlling the distribution of these highly stereotactic 

fishes. In the intertidal zones clingfishes occupy habitats 

not usually available to other species of fishes; habitats 

which experience great instability with respect to substrate, 

tidal currents, wave force, temperature and exposure. Dif

ferential microhabitat selectivity results in significant 

species segregation in regions of sympatry. Distinct pre

ferences are seen in the type of substrate association and 

vertical zone utilized by each species. 

Tidal factors are analyzed as they relate to inter

tidal exposure and frequency-duration of exposure is corre

lated with clingfish zonation. All four species of 
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clingfish are capable of withstanding extended exposure 

periods. Mean resistance times for exposure in a controlled 

humid atmosphere are: P. funebris, 93 hrs; T. humeralis, 

33 hrs; G. pinniger, 24 hrs, and T. boehlkei, 19 hrs. Des

iccation experiments reveal a large vital capacity for de

hydration which is the primary mechanism for withstanding 

extended exposure. The mean water loss capacities, based on 

total weight of body water, are: P. funebris, 59.5%; T. 

humeralis, 58.8%; G. pinniger, 53.4%, and T. boehlkei, 49.8%. 

Survival times and water loss capacity are both well corre

lated with vertical intertidal distribution as well as with 

substrate preferences. These factors explain certain as

pects of the distributional pattern and species abundance 

within the northern Gulf. 

The tidal, diurnal and seasonal temperature regimes 

of several actual and potential clingfish microhabitats were 

investigated and related to long-term temperature data 

available for the Gulf of California. Thermal resistance to 

high and low temperatures show a species tolerance pattern 

similar to that for exposure and desiccation except that T. 

humeralis is slightly more heat tolerant than P. funebris. 

All species are considerably more cold tolerant than heat 

tolerant and intertidal vertical distribution is best corre

lated with cold tolerance. Correlations with habitat tem

peratures show that, with the notable exception of T. 

boehlkei, all species, during the summer, are found in 
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microhabitats experiencing maximal temperatures (33-35°C) in 

excess of their upper lethal maxima based on continuous ex

posure experiments. Because of the changing thermal regime 

in the intertidal habitats, clingfishes are exposed to high 

temperatures only for limited periods; they are thus able to 

tolerate the otherwise lethal temperature extremes. 

All four species are capable of respiring aerially 

by holding air bubbles in their branchial chambers. Experi

ments with T. humeralis in an aerial medium indicate that 

their metabolic rate is maintained at a level similar to 

that for an aquatic medium. Habitat observations and be

havioral experiments indicate that the adaptation for aerial 

respiration in clingfishes has not evolved as a response to 

oxygen depletion in the habitat nor as a precondition for 

terrestrial excursions. During emersion periods clingfish 

remain inactive under or between rocks for the duration and 

do not migrate to sources of water or food. They are con

fronted rather abruptly with the necessity to respire 

aerially and alternately aquatically/ depending upon tidal 

periodicities. During submersion periods clingfishes be

come active and commence feeding; it is at this time that 

they must regain the water lost during exposure. The inter

tidal distribution of species is in part dependent upon the 

ability to meet the necessary physiological compromise be

tween periods of desiccation and periods of hydration. 



CHAPTER 1 

INTRODUCTION 

Clingfishes are highly evolved teleost fishes widely 

distributed in the near-shore and intertidal zones of many 

temperate and tropical regions of the world. They comprise 

one family, Gobiesocidae, within the order Xenopterygii 

(= Gobiesociformes) and presently number about one hundred 

species. 

Clingfishes are commonly found in habitats asso

ciated with strong currents or wave action and the most 

characteristic morphological features of this group are, in 

fact, those most adaptive for fast-flowing, turbulent 

waters. They possess a prominent adhesive disc formed by 

the modification of the pelvic fins whose outer rays unite 

with the pectoral fin base. The disc typically bears many 

small dermal papillae which increase the adhesive surface 

area and provide greater control for substrate attachment. 

Clingfishes also characteristically have a strongly com

pressed body, no scales, no spinous dorsal fin or swim-

bladder, and possess a skin that produces a protective 

mucoid covering. 

A comprehensive taxonomic monograph of the cling

fishes has been published by Briggs (1955). Since that time 
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a few regional studies have been published (Briggs, 1965, 

1969a) as have genera and species descriptions (Briggs, 

1957, 1960, 1969b, 1969c and Smith-Vaniz, 1968). The study 

of clingfish biology however, has been essentially ignored, 

although two noteworthy exceptions are that of Runyan (1962) 

on the embryology of the Pacific Coast Gobiesox strumosus 

and that of Gould (1965) on the natural history and 

embryology of Acyrtops beryllinus, a subtidal inhabitant of 

the Florida seagrass. 

Observations in the northern Gulf of California re

veal that four species of clingfishes (Figs. 1-4) occur 

commonly in the intertidal zone. Many of the microhabitats 

utilized by clingfishes are those found in zones experienc

ing considerable instability or exposure and are therefore 

not generally accessible to other intertidal Gulf fishes. 

For marine fishes the intertidal zone is probably 

the most unstable environment and the extreme physical con

ditions prevailing in the northern Gulf of California make 

this region well-suited for studies of the physiological 

ecology of intertidal organisms. Lying between two large, 

arid land masses of the Sonoran desert, the climate of the 

northern Gulf tends to be continental rather than oceanic. 

The region is characterized by low precipitation, low rela

tive humidity, high evaporation and extreme temperature 

fluctuations. At Puerto Penasco air temperatures near shore 

may have an annual mean range of 17.3°C and an annual extreme 
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Figure l. Tomicodo n humeralis. 

Figure 2 . Tomicodon boehlkei . 



Figure 3 . A Large Gobiesox pinniger Resti ng on a 
Smaller Pherallodiscus f unebri s. 

Figure 4, Ventral View of Pherallodiscus f unebris. 

4 



5 

range of as much as 42.2°C. Diurnal changes likewise re

flect the influence of the surrounding arid desert and may 

range up to 26.1°C. Sea surface temperature fluctuations 

for the same region are also extensive, showing an annual 

mean range of 16.2°C with an extreme range of 20.1°C. 

The tides in the northern Gulf of California are 

perhaps the most conspicuous feature present. They have 

been discussed by Roden (1964) and more recently by 

Matthews (1968) who has analyzed the tidal components at 

Puerto Penasco, the only primary tidal station in the north

ern Gulf. The tides in the central Gulf near Guaymas are 

strongly diurnal in character and have a mean annual spring 

range of 5.3 ft. Tidal amplitudes increase rapidly north

ward from the Kino region where the water becomes shallow 

until, at Puerto Penasco, a mean spring range of 17.1 ft oc

curs and an extreme tidal range of 23.6 ft is experienced. 

Puerto Penasco is the northernmost limit for clingfishes and 

many rocky intertidal forms but in the sandy regions near 

the mouth of the Colorado River spring tidal amplitudes be

come greater than 30 ft. The tides in the northern Gulf 

typically show large semidiurnal components and considerable 

tropic diurnal inequalities. 

Most of the available published physical and bio

logical works related to the northern Gulf of California 

have recently been collated in a review by Thomson, Mead and 

Schreiber (1969). The northern Gulf emerges as an area 
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which has largely been ignored by scientists in the past. 

Major biological studies have been centered on the taxonomic 

and zoogeographical aspects of invertebrates and algae, 

mainly from the central and southern Gulf (Steinbeck and 

Ricketts, 1941; Dawson, 1960; Soule, 1960; Garth, 1960). 

Only one major zoogeographical publication (Walker, 1960) 

has dealt with fishes, although Gulf fishes have been con

sidered in a few world or major regional monographs (see 

Chapter 2). Also, only one major ecological work for the 

entire Gulf is available (Parker, 1963) concerning macro-in

vertebrates, and only two additional works dealing with 

fishes are known (Hobson, 1965 and Heath, 1967), 

Since 1963 however, University of Arizona biologists 

have been active in the initiation and sponsorship of a 

variety of new research studies in the northern Gulf of 

California and some of these have begun to appear in the 

literature; Dawson, 1966a, 1966b; Thomson and Eger, 1966; 

Heath, 1967; Nybakken, 1967; Norris, 1967; Matthews, 1968; 

Thomson, Matthews and Browning, 1969. It is hoped that the 

present study will serve to further the knowledge of the 

unique northern Gulf region as well as provide a significant 

contribution to the little known biology of clingfishes. 

In the following study the extent of intertidal 

utilization by each clingfish species is evaluated by ex

amining the species diversity and abundance for representa

tive habitats encompassing the north-south latitudinal range 
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for clingfishes within the northern Gulf environment. The 

degree of microhabitat selectivity and the extent of species 

isolation is examined with reference to specific substrate 

associations within particular vertical zones of the 

intertidal. 

The nature of exposure and its potential intensity 

in the clingfish habitat is assessed according to several 

criteria and results are correlated with clingfish patterns 

of zonation. The tidal, diurnal and seasonal temperature 

regime experienced by several actual and potential clingfish 

microhabitats is investigated as is the overlying air tem

perature and other substrate types within the intertidal 

zone. Long term air and sea surface temperature patterns 

for the northern Gulf are evaluated and related to the 

intertidal temperature patterns. 

Studies on the resistance and tolerance of cling

fishes to the stress factors of desiccation, high and low 

temperatures and oxygen depletion are presented and certain 

morphological and physiological adaptive mechanisms are 

elucidated. These results are each discussed from a com

parative species approach and, when possible, in terms of 

their ecological and zoogeographical relevance. 



CHAPTER 2 

GEOGRAPHICAL DISTRIBUTION IN THE GULF OF CALIFORNIA 

Basic Patterns 

The Gulf of California is thought to represent a 

separate zoogeographic province of the Eastern Pacific re

gion (Ekman, 1953; Hubbs, 1952; Briggs, 1955), The general 

distribution of the marine ichthyofauna has been reviewed by 

Walker (1960) who has incorporated data from extensive fish 

collections and information on systematic works of certain 

rocky shore fish groups (Briggs, 1955; Hubbs, 1952; Rosen

blatt, 1959; Springer, 1958). He has concluded that the 

Gulf fish fauna consists largely of Panamic forms (73%) with 

some northern elements (10%) and a large number of endemics 

(17%). He has proposed four ichthyofaunal provinces within 

the Gulf, 

The eastern rocky shore fauna is apparently isolated 

from the southern Panamic fauna by an essentially continuous 

sandy shore between Guaymas and Mazatlan, and that of the 

southern region of Baja California, by the open stretch of 

water to the mainland (Fig. 5). 

The upper Gulf province is the most depauperate one 

with many endemics and several disjunct representatives of 

northern Pacific elements. Several factors are probably 

8 
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Figure 5. Map of the Gulf of California Indicating 

Ichthyofaunal Provinces and Clingfish 

Distribution. 

The four proposed provinces of Walker (1960) 
are indicated by dashed lines. Basic cling
fish distribution is shown in accordance 
with these provinces. Rocky coasts are in
dicated by zones of stipple. 
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Figure 5. Map of the Gulf of California Indicating 
Ichthyofaunal Provinces and Clingfish Distribution. 
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important in maintaining the northern region as distinct 

within the Gulf. Walker (1960) has suggested that the 

extreme annual sea surface temperature range in the north, 

the long stretches of sandy shore between rocky habitats, 

and the extreme tidal range, are ecologically limiting to 

rocky shore fishes. 

Clingfishes 

Of the 10 species of clingfishes found in the Gulf 

of California, three range south to the Gulf of Tehuantepec, 

one to Ecuador and one to California; the remaining five are 

endemics being found north from Guaymas (Fig. 5). 

Of the region considered here as the northern Gulf 

of California, i.e., north of Bahia Kino on the east and 

from Bahia San Francisquito on the west, only four cling

fishes are well-established. None of these four species are 

limited to the northern Gulf province although Tomicodon 

humeralis has its principal range there. T. boehlkei and 

Gobiesox pinniger are commonly found in the southern region 

of the province and near Guaymas in the central Gulf prov

ince. Pherallodiscus funebris occurs not uncommonly in the 

southern part of the upper Gulf province but is most 

abundant in the middle province near Guaymas. Briggs (1955), 

in his systematic monograph of the clingfishes, states that 

the tropical clingfish fauna essentially stops at Guaymas. 

Nine species have been recorded from the Guaymas area, four 

of these of southern tropical affinity. 



Of the seven species found in the west coast Cabo 

San Lucas province, six are also found in the central Gulf 

province and four of these also occur in the southeastern 

province. Furthermore, of the four clingfish found in the 

southeastern province, all of them occur in both the Cabo 

San Lucas province and the central Gulf province. Only two 

species, Tomicodon boehlkei and Gobiesox pinniger, are found 

to range throughout the Gulf within all four provinces. 

Thus, the central Gulf province supports the most 

diverse clingfish fauna and the northern Gulf province and 

the southeastern Gulf province, the least diverse. The 

northern province appears the most distinct ecologically 

while the southeastern Gulf province, which is continuous 

with southern Mexico, appears distinct primarily in the 

sparseness of its rocky habitats. 



CHAPTER 3 

NORTHERN HABITATS AND CLINGFISH OCCURRENCE 

Within the upper Gulf province a great diversity of 

habitats occur showing considerable differences in the 

species composition and population abundance. The following 

is a descriptive account of key habitats utilized by cling-

fishes from three discontinuous regions incorporating the 

most northern and the most southern environments of the 

province. Also presented are data relative to the species 

abundance, habitat species composition, patterns of zonation 

and microhabitat specificity. 

Puerto Pefiasco 

The northernmost habitats for clingfishes in the 

Gulf of California are limited to rocky coasts near the town 

of Puerto Penasco, Sonora, Mexico (Fig. 5). The rocky coast 

lies isolated at the edge of the Sonoran desert with vast 

stretches of sandy shoreline north and south. 

Two distinct igneous geologic centers occur near 

shore, separated by a sandy beach (Fig. 6). The northern 

center is a granitic formation which extends northwest into 

the Gulf forming the southern boundary of the sandy Cholla 

Bay and southeast forming all of the coastline to Norse 

Beach. 
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Figure 6. Map of the Puerto Penasco Region Indicating Study Stations. 

Rocky coastline and major rock formations are shown by 
areas of crosshatches and sandy coastline is shown by 
zones of stipple. 
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Figure 6. Map of the Puerto Penasco Region Indicating Study Stations 
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Punta Penasco, the second major center, is an 

igneous volcanic flow which has left basaltic boulders 

exclusively forming the shoreline south and east of the 

origin to where a conglomerate sandstone platform begins. 

This platform, continuing eastward, is overlain by weathered 

basaltic boulders which decrease in number and essentially 

disappear about 4 km east of the flow. 

Above the platform is an extensive sandy beach which 

continues east and south meeting a sandy estero 10 km from 

the Punta Penasco. The sandy coast continues beyond this 

point until the granitic headland of Puerto Lobos is reached 

(Fig. 5). 

During the period from 1964-1967, 20 separate field 

trips representing 48 field days were made to the Puerto 

Penasco vicinity. Although every intertidal habitat was 

examined, five stations representative of clingfish habitat 

types were selected for analysis and are indicated in 

Figure 6. A total of 37 collections were made, each repre

senting a sampling period averaging 1.5 hours. Collections 

are based on random sampling of particular intertidal levels 

as indicated in the text and all fishes were collected by 

hand or with dipnet except where poisoning by use of Pro-nox-

fish is indicated. The number of collections corresponding 

to each habitat and intertidal level are indicated in 

Figures 10 and 13. 
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Station 1: Sandstone Platform—Basaltic Boulders 

This, the most extensively studied station, is 

located basically in front of the Puerto Penasco Marine Re

search Station. The predominant intertidal habitat here is 

one of a conglomerate sandstone platform variously cut by 

tidal channels or pools and overlain in parts by weathered 

basaltic boulders (Fig. 7). The boulders are most concen

trated at the upper platform where they may extend right 

into the sand beach lying above the sandstone. The platform 

in the lower zones contains few boulders and much of the 

surface area is instead occupied by an abundance of standing 

water in the form of large, shallow tide pools. 

A topographic profile at this station is depicted in 

upper Figure 9. Horizontally, the platform substratum is 

seen to comprise much of the intertidal zone (270 ft). 

Boulders are found over most of the platform between these 

levels but are highly concentrated in the upper horizontal 

90 feet. Vertically, the boulder zone extends between the 

2.4 ft to 7.1 ft levels. The upper extent of the boulder 

zone either terminates at the base of one of the raised 

sandstone benches occurring at this station or merges into 

the sandy beach. 

Lower Figure 9 shows the intertidal distribution of 

common fish species found at Station 1. Tomicodon humeralis 

has been found exclusively in the boulder zone of the sand

stone platform. Its primary distribution is in the upper 



Figure 7. Station 1, Puerto Penasco, Showing Exten

sive Sandstone Platform with Overlying 

Basaltic Boulders. 

The boulders take their origin from the 
Punta Penasco seen in the background. 

Figure 8. Station 1, Puerto Penasco, in the Upper 

Boulder Zone at the Five Foot Vertical 

Level. 
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Fig ure 7 . Puerto Penasco Sandstone Platfor m. 

Figur e 8 . ~uerto Penasco , Upper Boulder Zone . 



Figure 9. Topographic Profile Through Station 1, 

Puerto Penasco, Showing Distribution of 

Common Intertidal Fishes. 

Dashed lines indicate the extent of the 
boulder zone (2.4 ft-7.1 ft) overlying a 
sandstone platform. A raised sandstone 
shelf may be present at the upper terminus 
of the boulder zone; above this point is a 
sand beach. Scale is exaggerated below the 
mean lower low water line (MLLW). 
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Figure 9. Topographic Profile Through Station 1, Puerto Penasco, 
Showing Distribution of Common Intertidal Fishes. 
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boulder zone beginning at the 4.3 ft vertical level where 

there are more boulder-sandstone interfaces but considerably 

less moisture available. The maximum upward range for this 

species occurs at the 5.6 ft level. 

The upper platform is characterized by the presence 

of narrow tidal channels and small residual pools separating 

a well-drained higher substrate. Tomicodon humeralis is 

commonly found under boulders resting on those regions of 

the platform where the rock interfaces are moist but contain 

no standing water (Fig. 8). Under extreme conditions, in 

the highest levels, this species has been found under 

boulders which contain little appreciable moisture except 

that produced by the skin secretions of the clingfishes 

themselves. 

Tomicodon humeralis is however, also readily en

countered under boulders resting in narrow tidal channels or 

in residual pools. The depth of water in these microhabi-

tats averages, during prolonged exposure, about 50-80 mm in 

the upper channels and 20-50 mm in the upper pools. In 

total area, the channels and residual pools represent a 

small part of the area occupied by drier, higher platform 

regions and thus impose limitations on the number of cling

fishes able to colonize these microhabitats. 

The amount of intertidal standing water increases in 

the lower boulder zone where the tidal channels deepen and a 

greater number of protected pools occur. Beginning at 
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approximately the 3.6 ft vertical level, Tomicodon humeralis 

decreases in abundance becoming rare below the 3.1 ft level. 

They have not been found below the edge of the boulder zone 

(2.4 ft level) on the platform nor do they occur in the 

largest tide pools (125 ft x 65 ft). 

Gobiesox pinniger, the second most common clingfish 

species found at this station, is most commonly encountered 

in the lower boulder zone of the platform specifically asso

ciated with boulders situated where maximum standing water 

is present. Below about the 2.6 ft vertical level the 

abundance of this species decreases, its range terminating 

at about the 0.3 ft level where it is occasionally found in 

the largest tide pools. 

In the upper boulder zone beginning at the 4.3 ft 

level, Gobiesox pinniger is generally less common although 

it occasionally is found reaching the 5.1 ft level. In the 

upper reaches, unlike Tomicodon humeralis, this species is 

almost exclusively limited to microhabitats where there is 

a maximum of standing water in the tidal channels and 

residual pools. In the lower boulder zone, however, the 

species may be occasionally found under boulders which are 

very moist but contain no standing water. 

The species composition of clingfishes for this 

station, based on 20 recorded collections, is shown in 

Figure 10. Tomicodon humeralis accounted for 82% of the 

clingfishes, Gobiesox pinniger for 17% and Pherallodiscus 



Figure 10. Histograms of Clingfish Species Composition 

from Four Stations in the Puerto Penasco 

Region. 

Number of specimens are indicated for 
each column. 

TH = Tomicodon humeralis 
GP = Gobiesox pinniger 
PF = Pherallodiscus funebris 
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funebris for 1%. The few (7) Pherallodiscus collected were 

all from the upper boulder zone of the platform and at least 

two of those collected have been recorded as being asso

ciated with boulders containing no standing water. 

Comparative zonation patterns of other common resi

dent and transient intertidal fishes at this station are also 

presented in Figure 9. The resident goby, Gobiosoma 

chiquita, appears to be exclusively limited to the inter

tidal zone and is most common in the lower sandstone pools 

but also occurs in the tidal channels and residual pools of 

the lower boulder zone. This species ranges into the upper 

boulder zone where it is associated with substrates contain

ing maximum quantities of water but is occasionally found at 

boulder-sandstone interfaces in the middle zones with little 

or no standing water. 

The two clinids, Paraclinus sini and Malacoctenus 

gigas, although permanent residents of the intertidal, are 

also found in the subtidal zone. Hypsoblennius and 

Paraclinus range into the small pools of the lower boulder 

zone while Malacoctenus gigas is ordinarily found in the 

lower largest pools, only occasionally reaching the lower 

boulder zone. Intertidally,. these species are essentially 

limited to the sand-covered sandstone pools where they re

side under ledges and in crevices. 
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The three remaining common fishes at this station 

(Fig. 9) may be described as transients in that their adult 

life is spent essentially in the subtidal but the juveniles 

periodically enter the larger lower intertidal pools to feed 

and apparently derive protection from predation. 

Station 2: Elevated Sandstone Platform—Basaltic Boulders 

Station 2 is located 2.4 km west of station 1 

(Fig. 6). The habitat here is one of a raised flat sand

stone platform overlain by large basaltic boulders. The 

boulders become more concentrated continuing westward to 

their point of origin from the Punta Penasco extrusive flow. 

The sandstone platform is well drained during low 

tide leaving only a few, usually unprotected, shallow pools. 

Larger pools and well developed tidal channels, as occur at 

station 1, are lacking. Although boulder-boulder and 

boulder-sandstone interfaces are abundant, little residual 

water is available, thus severely limiting the possible 

microhabitats available for several species of clingfishes. 

Four collections at this station yielded only speci

mens of Tomicodon humeralis and most of these 79 specimens 

were found under rocks harboring no appreciable standing 

water. 

Station 3: Basaltic Boulder Beach 

Station 3 is situated on the shoreward extension of 

the western face of the Punta Penasco volcanic center. This 
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habitat is formed exclusively of large basaltic boulders 

piled several meters deep. The boulders are variable in 

size, ranging from an average minimum diameter of 50 cm to a 

maximum of over one meter. 

The only rock interfaces available are those between 

the adjacent boulders. No tidal pools are present although 

some residual water is trapped under the boulders in the 

mid and lower intertidal zones. 

The two collections made in the mid and upper levels 

at this station yielded specimens of three clingfish species. 

Tomicodon humeralis accounted for 93% of the fishes col

lected, Pherallodiscus funebris 5%, and Gobiesox pinniger 

2% (Fig. 10). 

Station 4: Sandstone Platform—Granitic Boulders 

This station is situated between the extreme western 

end of Norse Beach and the eastern extent of the main 

Penasco granite formation (Fig. 6). The habitat consists of 

a conglomerate sandstone platform which is variously set

tled with weathered granitic boulders. The platform extends 

from the low to mid intertidal zone while consolidated 

granitic formations form the high intertidal substrate. 

The boulders are seen to rest in shallow depressions 

of the sandstone which usually contain several millimeters 

of residual water. In contrast to the platforms of station 

1 and station 3 which contain heavy basaltic boulders, the 
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sandstone under the lighter granitic boulders at this 

station appears to have we11-developed depressions, due 

probably to scouring movements of the boulders especially 

during times of strong current and wave action. The meager 

faunal development under these boulders reflects the in

stability of this habitat. 

Figure 10 indicates that 31 specimens of Tomicodon 

humeralis and four of Gobiesox pinniger collected at the mid 

intertidal level represented 88% and 12% of the species 

composition, respectively, for this station. 

Station 5: Consolidated Granitic Slope 

This station represents part of the shoreward exten

sion of the main Penasco granitic intrusive formation and is 

located approximately 2.5 km west of station 4 and southeast 

of Pelican Point, the terminus of the granitic formation 

(Fig. 6). 

The region generally consists of a rugged consoli

dated topography especially apparent in the supralittoral 

but in many places extending lower, becoming the shoreline 

in the form of an escarpment (Fig. 11). 

The specific habitat of station 5 is also represen

tative of much of the region in that the intertidal zone 

consists of an irregularly surfaced granitic slope contain

ing fused and particulate boulders (Fig. 12). The slope 

begins in the upper intertidal zone from a line of high 



Figure 11. Station 5, Puerto Penasco, Showing the 

Shoreward Extension of the Penasco 

Granitic Formation. 

Figure 12. Station 5, Puerto Penasco, in the Middle 

and Upper Intertidal Zones. 

The irregular granitic slope of the 
mid-intertidal zone extends to the upper 
intertidal zone (lighter rocks) and the 
main granitic body is seen in the back
ground. 
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Figure 11 . Station 5 , Puerto Penasco . 

Figure 12 . Station s , Middle and Upper I ntert i d a l Zon e . 
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consolidated formations and continues into the lower zones 

at a more gradual angle. 

The upper zone is characteristically well-drained 

during low tide with few pockets of residual water being 

present. The mid and lower zones have many small tide pools 

and the irregular substratum also provides numerous pockets 

of residual water. In the lowest intertidal zone at this 

station a large granite tide pool (4.5 m x 12.0 m) is present 

and contains many boulders with a layer of sand on the bot

tom. Differential weathering of the intertidal granite has 

resulted in the accumulation of various quantities of gravel 

under the boulders, as well as sand in many of the 

tidepools. 

Eight collections from all levels at this station, 

including two poisonings of the large, lower zone tide pool, 

yielded 79 specimens of Gobiesox pinniger (83%) and 16 of 

Tomicodon humeralis (17%)(Fig. 13). 

Tomicodon humeralis, while uncommon, was found 

throughout the intertidal zone with seven specimens being 

collected in the large, lower zone pool, five under boulders 

in the mid intertidal and two under boulders in the higher 

zones. The latter two were found in a relatively dry part 

of the upper intertidal zone under boulders with little ap

preciable moisture (Fig. 14). Moisture was available, how

ever, from the clingfish skin secretions and from several 



Figure 13. Histograms of Clingfish Species Composi

tion from Station 5, and Other Habitat 

Types in the Puerto Penasco Region. 

Symbols are as shown in Figure 10. 



27 

£ sol

do 

I 40 

Z 
o 

M 
o 
a. 
* 
o 
u 

20- 16 

STATION 5 

All Level* 
8 cell*. 

79 

STATIONS 1 ft 5 
Lerge hell — lower level* 

4 cell*. 

7S 

t< 

IA 
III 

U 80 

STATIONS 1,2 ft4 
Pletferm — Mid ft Upper Level* 

2S cell*. 

707 

TOTAL-ALL STATIONS 
All Levels 

37 cell*. 

</> 

60 

40 

20-

785 

127 
210 

10 

TH GP PF TH OP" P F 

Figure 13, Clingfish Species Composition, 



28 

specimens of the gastropod Acanthina angelica which had 

aggregated together (Fig. 15). 

Most of the Gobiesox pinniger (67) were collected 

in the large, lower zone tide pool, while the remainder (12) 

were found in small pools under boulders in the low or 

mid-intertidal zones. 

The rock interfaces at this station have a rough 

texture and usually contain quantities of gravel sometimes 

mixed with sand. These microhabitats in the mid and low 

intertidal zones support an abundant invertebrate fauna 

which include many attached forms. Considering only the 

number of rock interfaces and the quantity of standing water 

associated with them at low tide, one would have expected 

this habitat to have supported a larger clingfish fauna. 

Although G. pinniger was not uncommon, it occurred primarily 

in the lowest zones, especially in the large tide pool. 

The granite habitat does support a diverse fauna of 

other marine fishes, however, but these species are also 

found in the lowest zones. One poisoning of the large tide 

pool in July 1964 yielded 468 specimens representing 13 

families. Six of these families were represented by inter

tidal resident species. Of the 57 clingfishes from this 

collection, only three large T. humeralis were collected, 

the remainder being G. pinniger. 



Figure 14. Station 5, Puerto Penasco, in the Dry 

Upper Intertidal Zone. 

Little moisture is available and gastropods 
(Acanthina angelica) are seen oriented in 
crevices containing maximum moisture. 

Figure 15. Station 5, Puerto Penasco, Showing a 

Microhabitat of T. humeralis in the Upper 

Intertidal Zone. 
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Figure 14 . Station 5 , Upper Intertidal Zone . 

Figure 15 . Stati on 5 , Microhabi tat o f T . humeral i s . 



Summary of Puerto Penasco Clingfish Habitats 

A total of 1,005 clingfishes were collected from all 

five stations including all intertidal levels studied. Of 

these, Tomicodon humeralis represented 78%, Gobiesox 

pinniger 21% and Pherallodiscus funebris 1% of the total 

clingfishes collected (Fig. 13). 

T. humeralis was the most common species collected 

at all stations except at station 5 where G. pinniger was 

the dominant form. P. funebris, with only 10 specimens be

ing collected, occurred at station 1 and station 3. T. 

boelilkei was not found in the Puerto Penasco region. 

From the three sandstone platform habitats examined 

(stations 1, 2 and 4) T. humeralis was the most dominant 

species, accounting for 84% of the clingfishes while G. 

pinniger represented 15% and P. funebris, 1%. Large tide-

pools, on the other hand, sampled from station 1 and station 

5, showed G. pinniger to be most common, forming 91.5% of 

the clingfish species composition, while T. humeralis ac

counted for only 8.5%. No P. funebris occurred in this 

habitat. A considerable diversity of other marine fishes 

however, is representative of the large tide pool habitat. 

The frequency with which an individual species oc

curred at a particular station, relative to other stations 

from the Puerto Penasco region, is indicated in Figure 16. 

No definite seasonal frequency pattern was observed and the 

percentages have been calculated so that the stations are 



Figure 16. Histograms Indicating the Relative Frequency Occurrence of 

Clingfish Species by Station, at Puerto Penasco. 

Symbols are as in Figure 10, Values are based on data 
weighted with respect to number of collections and col
lection effort (see text). 
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equivalent in terms of number of collections and collection 

effort. Accordingly, T. humeralis is found to occupy all 

stations and all habitats with greatest occurrences in the 

habitats of sandstone platform with basaltic boulders 

(stations 1 and 2), and the basaltic boulder beach habitat 

of station 3. This species occurred least in the rugged 

granite habitat of station 5. 

G. pinniger is seen to occupy four of the five 

stations but with greatest frequency in the granite rock 

habitat (station 5), due primarily to its occupancy in the 

large lower intertidal pool there. A large percentage (35%) 

are also found in the sandstone-basaltic boulder habitat of 

station 1 but this species is absent from the similar but 

more rigorous habitat of station 2. Its low occurrence (4%) 

in station 3 might be due in part to the lack of collections 

made in the lower intertidal zone there. 

P. funebris was collected only from station 1 and 

station 3 with the latter representing 82% of the specimens. 

Since the data are based on only a total of 10 specimens for 

this species, conclusions should be regarded as provisional. 

Station 1 and station 3 were the only stations oc

cupied by all three species. . Station 1 yielded the largest 

number of both T. humeralis and G. pinniger? it presents the 

greatest intertidal surface area and contains the greatest 

diversity as well as number of microhabitats. 
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Puerto Lobos 

Consolidated Granitic Slope 

Puerto Lobos is a small fishing village located 

about 190 km north of Bahia Kino and 150 km south of Puerto 

Penasco (Fig. 5). The region is characterized by a single 

granitic headland, Cabo Tepoca, which faces west into the 

Gulf. Extensive sand beaches and embayments stretch north

ward, uninterrupted to Puerto Penasco; southward to Kino the 

sandy coast is broken occasionally by rocky outcrops. 

The Cabo Tepoca headland is divided into four major 

promontories which are separated by sand or gravel beach. 

The extent of the rocky coast in this region is compara

tively small consisting of only 210 meters at high tide. At 

low tide a limited area of sloping granite platform is ex

posed containing boulders and gravel with tide pools in the 

lower intertidal zone while higher levels consist of con

solidated formations with no boulders. 

On February 24-26, 1966, a field trip to the Puerto 

Lobos region was made and six intertidal stations were 

investigated. 

Of a total of 112 clingfish collected, 90% were 

Tomicodon humeralis taken in the mid and low intertidal 

zones under boulders often situated with gravel. Six 

Tomicodon bSehlkei (5%) were collected in the low intertidal 

zone under boulders which also harbored specimens of T. 



34 

humeralis. Six specimens of Gobiesox pinniger (5%) were 

also collected and all from tide pools containing boulders 

in the lower intertidal zone. Two poison stations in other 

low intertidal pools yielded no clingfishes. 

The diversity of intertidal habitats is decidedly 

limited in the Puerto Lobos region. The rocky beaches are 

poorly sorted, consisting of sand-gravel mixtures with few 

boulders. No cobble beaches are present nor are sandstone 

or granite platforms well developed. The only apparent 

suitable intertidal clingfish habitat consists of a limited 

area of granitic shelf which occupies the mid and low inter

tidal zones and is overlaid by a few granitic boulders. A 

general paucity of intertidal invertebrate life was also 

noted at this habitat. 

Kino 

The rocky shoreline directly north of the sandy 

Bahia Kino is considerably more diverse than either the 

Puerto Penasco or Puerto Lobos study areas. Geologically, 

the shoreline typically is composed of extensive granitic 

formations extruded or separated by several types of basalt 

volcanics. The coasts are irregular and show an alternating 

pattern of rock outcrops, unconsolidated beach rock and 

small sandy embayments. Because of the orientation of the 

outcrops, the diversity of rock types, ocean current pat

terns and other shore processes, differential weathering and 
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sorting has resulted in a great variety of topographic 

coastal conditions. Often within a distance of a few kilo

meters of shoreline a wide range of substrate associations 

can be found, including: fine sand-mud mixtures, coarse 

sand or gravel, pebbles or cobbles, boulders, rock platform 

or undifferentiated outcrop. In addition, associations of 

different rock types may be found in juxtaposition, in

creasing the availability of substrate combinations. 

The specific coastal region examined in this 

study lies north of Bahia Kino across from the southeastern 

coast of Tiburon Island between Punta Antigualla 

(28°49'N 112°68'W) and Punta Ignacio (28°51*N 111°59IW) 

(Fig. 5). Three trips were made to this locality: 

August 18, 1964, February 25-26, 1967, and April 22-24, 

1967. The specific habitats studied are discussed. 

Station 1: Surge Channel 

This first station is situated on the southwest side 

of Cerro Prieto, 2 km northeast of Punta Antigualla. The 

station is primarily in the subtidal zone and consists 

specifically of a vertical walled surge channel cut into a 

granite outcrop. At low tide the mouth of the channel is 

about three meters deep and two meters wide and extends into 

the low intertidal zone where it narrows to less than one 

meter in width. The channel appears well-scoured and con

tains a few granite boulders on the bottom. 
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This entire channel was poisoned on August 18, 1964 

and 37 Tomicodon boehlkei were collected; many others of 

this species escaped collection. Before poisoning these 

clingfish were seen moving freely over the vertical walls of 

the channel as well as around the boulders resting on the 

bottom. 

Station 2: Cobble Beach 

This station is located four km northeast of Punta 

Antigualla and consists of a westward facing cobble beach 

made up largely of rounded basaltic extrusives mixed with a 

few granitic rocks (Fig. 17). The cobbles average approxi

mately 10-15 cm in diameter and occasional small, solitary 

boulders averaging 25-35 cm in diameter are situated over 

the cobble substrate (Fig. 18). 

In the upper and mid intertidal zones the cobbles 

may be one or two layers deep overlying a thin layer of 

pebbles and a deeper layer of gravel (Figs. 19 and 20). The 

lower intertidal zone, however, is composed of a deeper 

layer of cobbles and pebbles with an increase in the number 

of boulders. 

During spring lower low water (LLW), the entire 

width of the intertidal zone (30 m) was sampled for a hori

zontal distance of 70 meters. A total of 299 clingfishes, 

representing four species, were collected (Fig. 21). No 

other species of fishes were found and the invertebrates 



Figure 17. Typical Topography of the Shoreline North 

of Bahia Kino. 

Several intertidal substrate conditions 
including that of station 2 are seen in 
the foreground. 

Figure 18. Station 2, Kino, in the Exposed Midtidal 

Zone Showing the Cobble Beach Habitat. 
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Figure 17 . Shore line North o f Bahia Kino . 

Figure 18. Station 2 , Kino. 



Figure 19. Station 2, Kino, in the Cobble Beach 

Clingfish Microhabitat Under a Small 

Boulder. 

Figure 20. Station 2 ,  Kino, Showing a Detailed View 

of the Clingfish Microhabitat. 
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Figure 19. Station 2 , Cobble Beach Habitat . 

Figure 20 . Station 2, Clingfish Microhabitat. 



Figure 21. Histograms Showing Clingfish Species 

Composition from Four Stations in the 

Kino Region. 

TH = Tomicodon humeralis 
TB = Tomicodon bflehlkei 
GP = Gobiesox pinniger 
PF = Pherallodiscus funebris 
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seen were predominantly small crustaceans, usually crabs and 

amphipods. A noteworthy exception was the presence of three 

juvenile octopi (30-60 mm total length). 

At Kino basic zonation in the vertical distribution 

of the clingfishes can be observed, although correlations 

with exact tidal height are lacking. In the upper cobble 

habitat a greater percentage of Pherallodiscus funebris was 

found as was the one collected specimen of Tomicodon 

humeralis. In the lower intertidal zone a much greater per

centage of Tomicodon boehlkei and Gobiesox pinniger occurred. 

Gobiesox pinniger is by far the most abundant 

species in this habitat, representing 72% of the individu

als, It is common between and under the smallest cobbles 

especially where these, in turn, are overlaid by several 

large cobbles. When disturbed, these clingfish rapidly and 

efficiently burrow down between the pebbles and underlying 

gravel. The vertical distribution of this species appears 

to continue into the subtidal zone as far as cobble and 

boulder substrate permit. 

Tomicodon boehlkei which represent 12% of the fishes 

from this habitat occupy the vertical zone essentially 

similar to that of Gobiesox pinniger. Within this zone 

however, they are most commonly found closer to the surface 

under the occasional boulders or under the largest of the 

cobbles, rather than under the deeper, smaller cobble and 

pebble zone of Gobiesox pinniger. 
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Pherallodiscus funebris, comprising 11% of the 

fishes collected, occurs in the mid intertidal zone but ex

tends its range into the upper levels where it is the most 

common species, being found usually under boulders or the 

largest cobbles. In fact, the furthest distribution of this 

species in the upper zone appeared to be particularly re

lated to the presence or absence of the boulders. 

Station 3: Granitic Platform and Boulders 

The cobble habitat of station 2 phases out directly 

to the north into a granite outcrop which forms the southern 

boundary of station 3 (Fig. 22). At low tide a platform is 

exposed containing many granite boulders of variable size 

(Fig. 23). The northern-extremity of the platform grades 

into a sand-gravel beach. 

The clingfish species composition for this habitat 

is shown in Figure 21. The data is based on collections 

during three low tides within a 36 hour period. The time of 

collections as well as the intertidal levels examined are 

similar to those for station 2 and thus are directly 

comparable. 

In the higher intertidal zone, only Tomicodon 

humeralis and Pherallodiscus funebris were found, being rep

resented by but one specimen each. In the mid and low in

tertidal zones, T. boehlkei was the dominant species 

represented, but 79% of these were from the lower zone only. 
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Figure 22 . Station 3 , Kino, North Side o f Grani t e 
Outcrop During Hi gh Ti de . 

Fig ure 23 . Station 3 , Kino , North Side of Grani t e 
Outcrop Duri n9 Low Ti de . 
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P. funebris, although rare in this habitat, was 

limited to the mid and upper intertidal zones. T. 

humeralis, which represented only 13% of the clingfishes in 

this habitat, constituted 26% of all those in the middle 

zone and 50% of those in the upper zone. 

Gobiesox pinniger was not abundant in this habitat 

and accounted for only 15% of the clingfish composition. 

All of these specimens, except one from the mid-intertidal 

zone, were collected in the lower zone and none was found in 

the upper zone. 

Four other species were collected in the intertidal 

zone at station 3 during the same period. Gobiosoma 

chiquita (Gobiidae) was the most common species with 21 

specimens being found, five of these in the mid-intertidal 

zone and the remainder in the lower zone. The other fishes 

were all collected in the lower levels exclusively and were 

represented by six specimens of Paraclinus sini (Clinidae), 

four of Ophiogobius histrio (Gobiidae), and three of 

Hypsoblennius gentilis (Blenniidae). 

Most of the granite platform at this station is 

situated at a level where it is only exposed during the 

spring low tide. The higher intertidal zone here is con

siderably restricted in terms of potential clingfish 

microhabitats; much of the rock outcrop being an undifferen

tiated sloping formation with few loose boulders or cobbles. 
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In contrast to station 2, this station is rich in 

invertebrate fauna with many attached forms being found, 

especially in the lower platform. Moisture-sensitive forms 

such as sponges and tunicates are common in the lower zone 

but also extend somewhat into the mid-intertidal zone. 

Station 4: Granitic Pebble-gravel Beach and Boulders 

Station 4 is located on the north facing side of 

Punta Ignacio about 10 km north of station 3. The inter-

tidal habitat is primarily one of a granitic pebble-gravel 

beach overlaid with numerous granitic boulders but in lower 

zones mixtures of sand and mud predominate. The granite 

boulders at this station are large, averaging 60 cm in 

diameter with many reaching 100 cm. 

During a low tide interval this station was sampled 

at all levels for one and one-half hours. Two species of 

fishes were found, Tomicodon humeralis and Pherallodiscus 

funebris, representing 63% and 37% of the species composi

tion respectively (Fig. 21). All of the specimens occurred 

in the mid-intertidal zone immediately under the large 

boulders and none were found buried between the small 

pebble-gravel substrate. 

Station 5: Basaltic Pebble-gravel Beach 

This station consists of a pebble-gravel beach habi

tat made up primarily of smooth basaltic rocks; no boulders 
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or cobbles are present. The station is located approxi

mately one km north of station 4 on the south-facing side of 

a small promontory. 

The shoreline between station 4 and station 5 is 

composed of several granitic outcrops separated by beaches 

with a variety of rock types and sizes. These beaches may 

be either all sand, gravel, or pebble-gravel and show vari

able degrees of sorting and weathering. The several beach 

types were sampled for clingfishes but only station 4 with 

its large flat boulders and station 5 with its well-sorted, 

pebble-gravel beach supported clingfishes. 

Station 4 was sampled for one hour during a tidal 

period when only the upper intertidal zone was exposed. 

Figure 21 indicates that all of the specimens were of P. 

funebris and all of these v/ere associated in regions of the 

higher level where the largest pebbles occurred and with 

the smallest complement of gravel. 

Summary of Kino Clingfish Habitats 

A total of 633 clingfishes were systematically re

corded from the four intertidal habitats examined in the 

Kino region. Of these, Gobiesox pinniger represented 46.1%, 

Tomicodon boehlkei 38.4%, Pherallodiscus funebris 8.9% and 

Tomicodon humeralis 6.6%. Several additional intertidal 

habitat types examined revealed no clingfishes. The sub-

tidal station 1 is not included in these totals. 
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The cobble beach habitat of station 2 proved the 

most productive for clingfishes, yielding 299 specimens; the 

granite outcrop and boulder habitat of station 3 yielded 192 

clingfishes. All four species are present in stations 2 and 

3 but Gobiesox pinniger is the dominant form (77%) in station 

2 while Tomicodon boehlkei is the dominant species (76%) in 

station 3. T. humeralis and P. funebris are poorly repre

sented in both stations but T. humeralis is most abundant in 

station 3 while P. funebris is most abundant in station 2. 

The number of fishes collected from stations 2 and 3 

is recorded in Table 1 according to the relative intertidal 

level at which they occurred. The upper zones of station 2 

revealed only two specimens, both of P. funebris; the re

maining species here are all found in the mid and low inter

tidal zones which were not quantitatively analyzed separate

ly. Clingfishes were the only fishes found occupying this 

habitat. 

The relative concentrations of intertidal fishes in 

station 3 are also shown in Table 1. G. pinniger, with the 

exception of one mid intertidal specimen, was exclusively 

found in the lower zones. T.boehlkei also occurs primarily 

in the lower zone (80%) with the remainder being limited to 

the mid intertidal zone. T. humeralis is distributed in all 

zones; almost half of its members are found in the mid in

tertidal zone and 50% occur in the lower zone. Only three 
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Table 1. Intertidal Vertical Distribution at Kino 

Relative Number Collected per Species3 Coll. 
Height TH TB GP PF GC OH HG Time (hrs) 

Station 2 - Cobble Beach 

Upper 0 0 0 12 0 0 0 2.0 

Mid & 
Lower 1 36 230 30 0 0 0 1.5 

Station 3 - Granitic Platform with Boulders 

Upper 1 0 0 1 0 0 0 2.0 

Middle 11 28 1 2 5 0 0 1.0 

Lower 12 108 28 0 16 4 6 1.5 

aTH = Tomicodon humeralis; TB = Tomicodon boehlkei; 
GP = Gobiesox pinniger; PF = Pherallodiscus funebris; 
GC = Gobiosoma chiquita; OH = Ophiogobius histrio; HG = 
Hypsoblennius gentilis. 
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specimens of P, funebris were taken from station 3 and these 

were limited to the mid and upper intertidal zones. 

Collections of three of the most common non-cling-

fish species in station 3 revealed that Gobiosoma chiquita 

is the most abundant form being found primarily in the lower 

zones, although 20% are also found in the mid intertidal 

zone. The two other species, Ophiogobius histrio and 

Hypsoblennius gentilis, are limited to the lower zones. 

The frequency occurrence for each species by station 

is presented in Figure 24, P. funebris is represented in 

the largest number of habitats but is abundant in none. 

T, humeralis occurred in three of the stations but 

also was not abundant in any; however, it was the most com

mon form at station 4, The highest percentage of specimens 

for this species was from the granitic platform-boulder 

habitat. 

G, pinniger is the most abundant intertidal fish in 

the Kino region but individuals are limited to the habitats 

of station 2 and 3 with most of them occurring in the cobble 

beach habitat (Fig, 24), T. boehlkei occurs at stations 2 

and 3 in the intertidal zone with greatest representation in 

the granitic platform-boulder habitat. 

Discussion 

Each station examined in this study represents a 

unique habitat based on topography, substratum and intertidal 



Figure 24. Histograms Indicating the Frequency 

Occurrence of Clingfish Species by Station 

in the Kino Region. 

Symbols are as in Figure 21. 
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zonation. The diversity of habitats throughout the northern 

Gulf reflects significant differences in the distribution, 

abundance, and diversity of clingfishes. 

Gobiesox pinniger has the widest distributional 

range within the northern Gulf and this species utilizes the 

greatest diversity of habitats. It is the most abundant in-

tertidal form in the Kino region where it inhabits the lower 

zones and is second in abundance at Puerto Lobos and Puerto 

Penasco where it may occur midtidally in the latter region. 

In all habitats where G. pinniger occurs, it occupies micro-

habitats affording maximum available moisture. It appears 

to be most adaptable in terms of substrate type and in the 

size and quantity of particulate material it will accept. 

Although several substrate associations are used, this spe

cies is most abundant in a cobble beach situation and at 

Kino and Guaymas it has been observed, not uncommonly, in 

the subtidal zone of this habitat. 

Tomicodon boehlkei appears to be most common in the 

near-shore subtidal zone where it is usually seen moving 

over and around large boulders or on vertical walls of 

granitic outcrops where it may attach itself just below the 

water level. Although it has not been seen at Puerto 

Penasco, two specimens have been collected subtidally from 

the vertical walls of Isla de San Jorge, a small granitic 

islet 42 km southwest of Puerto Penasco (Thomson, per. 

comm.). It does occur intertidally at Puerto Lobos but is 
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rare there. At Kino it is abundant in the lower intertidal 

zone and has been observed depositing eggs under boulders in 

that zone. Unlike Gobiesox pinniger, at Kino, T. boehlkei 

is most common in the granitic platform habitat (85%) occur

ring infrequently (15%) in the cobble habitat. The reverse 

distribution between the two habitats is true for G. 

pinniger where 79% are found in the cobble habitat and 21% 

in the granitic platform habitat. The two species are 

significantly segregated within the cobble habitat since 

T. boehlkei prefers a microhabitat under the largest cobbles 

close to the substrate surface while G. pinniger prefers the 

deeper substrate between the small cobbles. In the granitic 

platform habitat where T. boehlkei is dominant, a study of 

43 boulders utilized by clingfishes revealed that only 30% 

of the time did the two species share the same specific 

microhabitat. 

Pherallodiscus funebris occurs in the intertidal 

zone only rarely at Puerto Penasco. It has not been col

lected from Puerto Lobos and is not abundant at Kino but 

does occur more commonly near Guaymas. At Kino this species 

occupies all intertidal habitats where rock cover is avail

able and is primarily limited to the mid and upper levels. 

This species has not been collected in the subtidal zone nor 

in tide pools and is rare in granitic or sandstone platform 

habitats. In the Kino cobble habitat, where it is sympatric 

with the other three species, it typically occurs near the 
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substrate surface under small boulders in the higher eleva

tions. Consideration of all the habitats examined, includ

ing several near Guaymas, points to the preferred habitat of 

P. funebris as being one of a pebble-gravel beach associa

tion where it occurs between the pebbles well beneath the 

surface. It does not occur within the pebbles if con

siderable quantities of sand or gravel are present but in 

such cases it is found under boulders near the substrate 

surface. 

Tomicodon humeralis is the dominant clingfish at 

Puerto Penasco and Puerto Lobos and is the least common at 

Kino. It appears most dependent on the presence of boulders 

and is virtually absent in habitats where they are lacking. 

Further, it prefers platforms with boulders and appears 

least tolerant of microhabitats with appreciable quantities 

of small particulate material. In all habitats it is most 

abundant in the middle and upper vertical levels, often in 

microhabitats of little moisture. T. humeralis apparently 

has not been collected subtidally and only rarely occurs in 

tide pools. It is, however, often found in small tidal 

channels or residual pockets when boulders are present. 

At Puerto Penasco, in-those habitats where T. 

humeralis occurs sympatrically with G. pinniger, the two 

species are generally segregated because of differential 

zonation. On gradual platform habitats, however, G. 

pinniger may be displaced into higher elevations by 
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associating with tidal channels and pools. In such situa

tions most of the T. humeralis are seen to seek microhabi-

tats with less water and usually only the largest individu

als share the same pool microhabitats with G. pinniger. 

Also, there is a greater frequency of juveniles of both 

species occurring under boulders with minimal quantities of 

water, resulting in some overlap of G. pinniger with adult 

T. humeralis. The juvenile T. humeralis occur least fre

quently with G. pinniger since they are more common in the 

higher, driest microhabitats of the species range. 

It is significant to observe that the two species, 

Tomicodon boehlkei and Gobiesox pinniger, which have the 

widest established distribution throughout the Gulf of 

California, are those which occur most commonly in the sub-

tidal and lowest intertidal zones. Furthermore, within the 

northern Gulf province only G. pinniger, of these two 

species, has successfully adapted to the northernmost in

tertidal regions, while T. boehlkei is rare there. 

Tomicodon humeralis and Pherallodiscus funebris, on 

the other hand, are both well established only in the upper 

two zoogeographical provinces, occurring primarily in the 

intertidal zone and in the mid and upper vertical zones. 

Within the northern province, T. humeralis is best estab

lished in the northern reaches while P. funebris is best 

established to the south extending into the central Gulf 

province. 
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It is apparent now, based on these habitat studies, 

that considerable diversity of rocky habitats exist within 

the northern Gulf province, latitudinally, intra-regionally 

and intertidally, and that this diversity has important bio

logical meaning for the occurrence and success of clingfish 

species. The northernmost region at Puerto Penasco emerges 

as a unique environment while the southernmost Kino region 

demonstrates the greatest diversity of available habitats 

and a greater similarity with regions of the central Gulf 

province. However, important differences in regions south 

of Kino is attested to by the occurrence there of five addi

tional clingfish species. 

It appears that several factors are operational in 

controlling the distribution and success of clingfishes in 

the northern Gulf and consideration only of certain physical 

aspects of the habitats, though important ones, are pre

sented. Because of the highly stereotactic nature of cling

fishes, analysis of specific substrate associations is seen 

to be of considerable importance. Several other factors 

will be examined in some detail in subsequent sections. 



CHAPTER 4 

HABITAT EXPOSURE 

The existence of the intertidal as a zone of transi

tion between the air and water environments is implicitly 

related to changing sea levels due primarily to tidal 

processes. The resultant emersion and submersion of the 

intertidal zone creates special conditions to which 

organisms living there must adapt; for aquatic forms the 

most important of these is exposure. 

Although exposure may be expressed primarily in a 

time-duration context for a particular elevation, its 

ecological and physiological relevance is directly dependent 

upon secondary factors in the environment. Foremost among 

these are temperature, moisture, oxygen, salinity and light. 

These exposure-modifying factors are themselves conditional 

upon the season, time of day, wind, evaporation rate, in

tensity of solar radiation and substrate. This combination 

of factors and conditions then, ultimately defines the 

ecological boundaries to which organisms adapt. 

Many people have dealt with the relationship of ex

posure to intertidal organisms. Much of this information 

concerns the establishment of general patterns of vertical 

zonation for various groups of algae and invertebrates with 

55 
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little direct evidence relating these patterns to specific 

factors of exposure (see reviews of Doty, 1957; Hedgpeth, 

in Ricketts and Calvin, 1962, and Lewis, 1964). 

Several other workers have experimentally studied 

temperature or desiccation tolerances for various species, 

primarily invertebrates, and have attempted to relate these 

results with exposure by reference to the vertical zones 

occupied by each species (for comprehensive review, see 

Newell, 1970). Southward (1958) has correlated temperature 

tolerances of intertidal barnacles and gastropods with tem

peratures of the animals during emersion, and Broekhuysen 

(1940) has correlated temperature and desiccation tolerance 

levels, with the annual percent frequency of emersion in the 

intertidal zones. Also, Doty (1946), in a study of algal 

zonation, has considered specific tide factors which cor

respond to intertidal levels causing prolonged periods of 

emersion. 

Ecological studies of exposure in the intertidal 

zone rarely mention fishes and only a few publications deal

ing usually with a single factor of exposure are available. 

Norris (1963) in his study on the temperature-related dis

tribution and selectivity of the Pacific opaleye, Girella 

nigricans, discusses patterns of distribution and movement 

of juveniles in intertidal pools during periods of emersion, 

Morris (1961) found the increase in respiratory rate of 

several Pacific cottids to be inversely correlated with th$ 
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intertidal levels of the pools they occupied. Also, publi

cations on the natural history of the air-breathing mud-

skipper, Periophthalmus sobrinus (Stebbins and Kalk, 1961; 

Gordon, et al., 1968) from the intertidal zone of east 

Africa include observations on exposure in the mudskipper's 

habitat. 

This chapter provides a characterization of the 

clingfish habitat with respect to exposure. Most of the 

data presented are based on the Puerto Penasco region. 

Tidal data have been derived from tidal predictions for 

Puerto Penasco (1967). The specific exposure factor of tem

perature in the habitat is discussed separately in the fol

lowing chapter. Certain physiological, morphological and 

behavioral adaptations of clingfishes to the exposural ef

fects of desiccation, high and low temperatures, and oxygen 

depletion are discussed in subsequent chapters. 

Seasonal Tidal Fluctuations and Exposure 

Fluctuations of high and low tidal levels for Puerto 

Penasco are presented according to season in Table 2. The 

mean lower low water (MMLW) and the extreme lower low water 

(ELLW) show greatest decrease from the annual mean value in 

February through April and greatest increase in June through 

August. This pattern, in general, corresponds respectively 

to the time of spring equinox and summer solstice when the 

spring tidal range is greatest because of the lower lows and 



Table 2. Seasonal Tidal Levels at Puerto Penasco 
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Month 
Level (ft)a 

ELLW MLLW MHHW EHHW 

Jan -4.6 -0.3 13.5 17.5 

Feb -5.3 -0.8 13.5 17.7 

Mar -4.8 -0.9 13.3 17.4 

Apr -5.0 -0.7 13.2 17.7 

May -4.4 0.0 13.2 17.5 

June -3.1 0.4 13.4 17.0 

July -2.3 0.8 14.1 16.8 

Aug -3.1 0.9 14.0 17.7 

Sept -3.5 0.6 14.1 18.3 

Oct -3.9 0.1 14.1 18.0 

Nov -4.7 -0.2 13.8 18.2 

Dec -4.4 -0.4 13.7 17.8 

aELLW = extreme lower low water; MLLW = mean lower 
low water; MHHW = mean higher high water; EHHW = extreme 
higher high water. 
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when the neap tidal range is least. Patterns of exposure 

periods correspond to these same seasonal fluctuations of 

the tides and appear coincident with generally favorable 

seasonal periods of meteorological and oceanographic param

eters, This relationship is shown in Figure 25 which com

pares exposure, expressed as percent frequency of the LLW 

level per month, with near-shore, mean monthly values for 

precipitation, wind speed, relative humidity and temperature 

at Puerto Penasco, Precipitation indicates the most vari

able pattern but is generally highest in late summer and 

winter. Also, in the summer months sea and air temperatures 

are maximal as is relative humidity. The apparent dis

crepancy between relative humidity and evaporation fluctua

tions is explained by greater increase in air temperature 

over the relatively small increase in relative humidity. 

Since the amplitudes of these factors are basically out of 

phase with maximal exposure periods, the general influence 

of these factors on the intertidal zone is attenuated. 

Frequency Occurrence of Low Tide Relative 
to Time and Season 

The effects of exposure may be substantially modi

fied depending upon the time of day and the season. Table 

3 indicates the frequency of LLW stands according to nearest 

hour throughout the solar day as well as by season. 

Basically the LLW occurs in the morning during the 

summer months and in the evening during the winter months. 



Figure 25. Seasonal Fluctuations of Certain Physical 

Parameters in the Puerto Penasco Region. 

Source: Wind, precipitation and relative 
humidity from Green (1969); 
evaporation from Sellers (1969); 
sea surface temperature from USCG 
(1965); and exposure values cal
culated from tide predictions for 
Puerto Penasco (1967). 
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Table 3. Frequency of Low Low Water by Time and Season 

Months 
Time ————————————————————————————— 

J F M A M J  J  A  S  0  N  D  

12AM 3- - - -- 233322 

1  - - - - - - 3 2 1 1 - -

2  - - - - - 1 2 1 - - - -

3  - - - - - 2 2 1 1 1 - -

4  - - - - - 2 2 2 1 - - -

5  - - - - 4 3 2 3 3 - - -

6  - - - - 6 4 4 3 4 1 - -

7  - - - 2 6 3 3 3 3 1 - -

8  1  5 2 4 3 3 4 - - -

9  - - 5 5 - 3 4 5 1 - - -

1 0  - 2 5 2 - 3 3 2 - - - -

1 1  1 2 3 2 - 2 1 1 - - - -

1 2 P M  2 3 2 1 - 2 - - - - - -

1  1 1 1 2 - - - - - - - -

2  2 2 - - - 1 - - - - - 1  

3  2 - - 1 2 - - - - - - 2  

4  2  2  2  1 3 - - - - - 3 1  

5  2 2 2 3 1 - - - - 2 2 2  

6  3 2 2 3 - - - - - 4 3 3  

7  3 4 4 3 - - - - - 5 4 4  

8  3 3 4 - - - - - - 5 4 6  

9  4 4 - - - - - - 3 4 6 4  

1 0  3 1 - - - - - 1 4 3 3 4  

1 1  1 - - - - - - 1 1 1 3 2  
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In July and August, the warmest months, all of the lower 

tides occur between 10 in the evening and 11 in the morning 

with none occurring during the warmest part of the day. The 

successive low tides occur progressively 50 minutes later 

each day but in the summer, at Puerto Penasco, the neap/ 

spring tidal cycle reverses at such a time so no successive 

lower tide occurs after 11 AM. Also, in January and Febru

ary, the coldest months, the LLW occurs during the warmest 

parts of the day (11 AM-5 PM) and does not occur during the 

colder times of the night. 

The pattern of low tide occurrence which is depen

dent upon the neap/spring cycles is particular for a given 

locality. Since several environmental parameters at Puerto 

Penasco are extreme for the Gulf of California, the time-fre

quency of exposure is of considerable importance in lessen

ing the potentially adverse effects of these factors on the 

intertidal zone. 

Frequency-duration of Intertidal Exposure 

One measure of exposure may be the expression of the 

relative amount of time or the frequency that a particular 

intertidal level may be exposed. This has been calculated 

for the intertidal zone at Puerto Penasco and is expressed 

as annual frequency percent, i.e., percent of time exposed, 

based on the entire year. The resultant sigmoid curve is 

presented in Figure 26 which depicts the boundaries of 



Figure 26. Emersion Curve Showing Annual Frequency 

Exposure (%) for Corresponding Intertidal 

Levels. 

Solid horizontal lines indicate the verti
cal range of clingfishes in the intertidal 
zone at station 1 from Puerto Periasco. 
Dashed lines indicate annual mean tidal 
levels (MHHW, MLLW) and annual extreme 
tidal levels (EHHW, ELLW). Symbols are as 
in Table 2. 
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emersion and submersion for the clingfish habitat (solid 

lines) and the values for the means and extremes of the LLW 

and HHW levels. 

Changes in frequency exposure with height occur most 

rapidly within the vertical range of 2.4 ft to 9.6 ft. Be

low and above these levels the rate decreases somewhat to 

the MLLW and the MHHW from which points the rates lessen, 

continuing to the ELLW and EHHW levels respectively. The 

2.4 ft level corresponds to the lower edge of the basalt 

boulder zone at station 1 and represents the lowest range 

for all of the Tomicodon humeralis and most of the Gobiesox 

pinniger living there. The corresponding exposure value for 

this level is 18.4% while the extreme upper limit of the 

boulder zone at the 6.0 level corresponds to a 53% exposure. 

Within the boulder zone the furthest penetration by 

G. pinniger occurs at a level exposed 37% of the time and 

that for T. humeralis 41% of the time. The upper ranges for 

the goby, Gobiosoma chiquita and the blenny, Hypsoblennius 

gentilis at this station, corresponds to exposure values of 

30% and 25% respectively. 

The type of exposure curve indicated in Figure 26 

shows valuable relationships•between incidence of exposure 

and vertical height within the intertidal zone. It is based 

on the aggregate conditions for an entire year and thus de

fines the intertidal zone from the standpoint of long-term 

average exposure. This factor of exposure and its 
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reciprocal submersion may be important in establishing basic 

limitations for adaptation to the intertidal zone. Although 

these particular exposure values may not by themselves imply 

limitation for a specific given intertidal level, they are 

especially important to show comparative relationships be

tween major taxonomic groups or within one smaller taxon; 

this has been shown successfully by Ricketts and Calvin 

(1962) for the former and by Broekhuysen (1940) for the 

latter. 

This long-term relationship does not however show 

the frequency and duration of exposure on a short-term 

(daily) basis or, more importantly, on a continuous hourly 

basis. These considerations may be more important as fac

tors imposing direct ecological or physiological limitations 

upon organisms. 

Continuous and Discontinuous Diurnal Exposure 

Since the tides in the Puerto Penasco region are of 

the irregular, semi-diurnal type, two high and two low 

tides, each differing in height, occur daily. For cling-

fishes this means adjustment to emersion and submersion 

periods, each of differing duration, twice a day. Thus, not 

only the duration of the exposure periods may be important 

but the sequence of the changing tidal cycles may impose 

restrictions upon certain functions such as breeding be

havior, timing of gonad maturation or feeding periodicity. 
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Continuous and discontinuous exposure periods coin

cident with the upper clingfish habitat (5.6 ft level) are 

shown in Figure 27. Exposure is expressed in hours per day 

according to season; the daily ranges are indicated by the 

extent of the vertical lines for each month and the monthly 

values by horizontal bars. 

The mean values for both series show a pattern of 

longest exposures in the spring and autumn. The upper 

series, depicting the discontinuous periods, indicates that 

the longest exposure period of 13 hours occurs in January 

and March. The remaining months all show maximum daily 

periods of 12 hours except for August and September which 

are 11 hours. Thus, only a two hour annual variational 

range exists for maximum discontinuous exposure periods and 

this is equivalent to the variation between the monthly 

means as well. 

Successful adaptation to a total daily exposure 

period, even if interrupted by only a short period of sub

mersion, may not signify adaptation to the same or shorter 

exposure period on a continuous basis. The lower series in 

Figure 27 indicates periods of continuous exposure. The 

minimum prolonged period for any one day is four hours and 

the maximum is 10 hours. These periods range from 4-7 hours 

every day of the year except on seven days during the period 

February-April when periods of 8-10 hours occur. Monthly 



Figure 27. Exposure-duration at Highest Intertidal Level for Clingfishes 

in Station 1 at Puerto Penasco. 

Exposure is expressed in hours for the 5.6 ft vertical level. 
Vertical extent of line delimits range and horizontal bar in
dicates the mean. 

Upper series—total hours of exposure per 24 hour solar 
day/month, 

Lower series—continuous hours of exposure per tidal 
cycle/day/month, 
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igure 27. Exposure-duration at Highest Intertidal Level for Cling-
Station 1 at Puerto Penasco. 
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mean values vary from 5.4 hours in August to 6.5 hours in 

March and Apiil. 

All of the 8-10 hour exposure periods occur at times 

correspondent with generally expected favorable climatic 

conditions. Although the duration of these prolonged 

periods and the exact timing of them may change somewhat 

over the years, it may be that the more frequent, shorter 

continuous periods (7 hrs) will prove more limiting if they 

occur coincident with adverse secondary factors. 

The duration of submersion periods may be important 

to clingfish from the standpoint of limiting the time 

necessary for hydration after a prior period of desiccation 

(see Chapter 7) and prolonged submersion may be an important 

influence on feeding activities, breeding behavior or vul

nerability to predation. At the 5.6 ft level, cliijgfishes 

annually experience two exposures daily except on 22 days. 

The shortest period of submersion is 3 hours and the 

longest, 23 hours; 80% of the periods last 6-8 hours. 

Consideration of continuous exposure and submersion 

periods is further discussed in the next section with 

respect to tidal factors; they are also discussed in 

Chapter 5 in relation to habitat temperatures. 

Critical Tidal Factors 

While increasing intertidal height generally results 

in increasing frequencies of emersion on a long-term basis, 
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changing amplitudes and cycles of the neap/spring tides, 

monthly or seasonally, may cause certain levels to ex

perience disproportionate periods of submersion or emersion. 

Thus for example, a relatively small change in height above 

or below the neap high or low water stands will result in 

prolonged continuous periods of either submersion or emer

sion. Also, because of the irregular nature of the semi

diurnal tides at Puerto Penasco, high and low water stands 

during tropic tides occur on successive days at different 

heights. This results in the establishment of theoretical 

tidal levels corresponding to the maximum and minimum 

heights of each high and each low water excursion. These 

values will be representative of each lunar cycle (month) 

which may increase or decrease depending upon the season. 

Ecologically then, these levels may be potentially critical 

in terms of the duration of continuous periods of exposure 

which become decidedly different above and below each of 

these levels. Whether these prolonged periods of exposure 

are actually critical or limiting to organisms will depend 

upon other environmental conditions coincident with the 

exposure period. 

Doty (1946, 1957) has recognized six "critical tidal 

levels" which correlate well with zonation patterns of many 

algal species on the northwest Pacific coast. He considers 

the critical levels to be those which correspond to the 

greatest sudden increases in continuous exposure (or 
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submersion) of the year. 

Tidal levels which might be potentially important in 

controlling the vertical distribution of fishes at Puerto 

Penasco were determined by consideration of tide factors 

from hourly tide predictions for Puerto Penasco. These 

theoretical levels were then compared to intertidal levels 

where prolonged continuous exposure periods occurred 

(Table 4). 

The tidal factor LHHW (lowest higher high water) 

represents the highest level submerged at least once each 

day of the year. The lowest value for this level is 8.5 ft 

in February and is therefore 1.6 ft above the upper extent 

of the boulder habitat and corresponds to the sand beach 

zone at station 1; it therefore is not a factor in fish 

distribution at that station. It is not known however, 

whether the LLHW factor is possibly important in other habi

tats in either the Puerto Penasco or Kino region. 

A potentially critical tidal level occurs at the 

LLHW (lowest lower high water) level which represents the 

boundary between submersion on every tide twice daily and 

submersion on one tide only. The lowest value for this 

critical level is at the 6.0 ft level in March and corre

sponds to a continuous exposure period of 15 hours. The 

height of this tidal factor and representative exposure 

periods for other months is indicated in Table 5 and shows 

potentially critical exposure periods occurring at 6.5 ft 



Table 4. Theoretical Levels for Several Tide Factors at Puerto Penasco 

Factor 
Level (ft) per Month 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

EHHW 17.5 17.7 17.4 17.7 17.5 17.0 16.8 17.7 18.3 18.0 18.2 17.8 

MHHW 13.5 13.5 13.3 13.2 13.2 13.4 14.1 14.0 14.1 14.1 13.8 13.7 

LHHW 8.6 8.5 8.7 9.1 10.4 9.3 9.0 8.8 8.9 9.6 10.4 10.0 

HHLW 6.3 7.3 7.1 6.8 5.6 5.9 7.4 6.8 8.2 8.5 5.9 4.4 

MTL 11.8 - - - - - - - - - - - -

LLHW 7.8 6.5 6.0 6.5 7.1 8.9 10.4 9.0 8.3 7.0 7.3 8.5 

MHLW 7.5 - - - - - - - - - - - -

MLLW -0.3 -0.8 -0.9 -0.7 0.0 -0.4 0.8 0.9 0.6 0.1 -0.2 -0.4 

LHLW 0.9 -3.4 -4.0 -2.7 -0.5 1.6 1.7 0.1 -2.0 -3.3 -2.2 -0.1 

ELLW -4.6 -5.3 -4.8 -5.0 -4.4 -3.1 -2.3 -3.1 -3.5 -3.9 -4.7 -4.4 
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Table 5. Seasonal Critical Exposure Levels at Puerto 
Penasco 

Level (ft) 
Co itinuous Exposure Period (hrs) 

Level (ft) 
J F M A M J J A S 0 N D 

5.6 9 10 

6.0 15a 

6.5 16 17 17 

6.7 18 17 

7.0 17_ 

7.1 18 

7.2 16 

7.3 18 

7.4 19 20 19 

7.6 23 17 18 19 

7.7 19 

7.8 38 19 

7.9 37 18 19 

8.1 39 20 

CO
 

• to
 

19 20 

n
 • 

00 

21 20 

00
 

• 20 21 20 

8.5 63 21 

• 

00 

51 20 

00 • 

00 

39 

8.9 40 

aUnderlined values correspond to known tidal fac
tors (see text). 



for February, 6.5 ft for April, 7.0 ft for October, 7.1 ft 

for May and 7.3 ft for November. Values for other months 

are not considered because different tidal factors become 

more important at the higher levels during these months. 

Since the observed upper vertical limit for fishes 

(at station 1) during low tide is at the 5.6 ft level, pro

longed exposures due to the effect of the LLHW tidal factor 

may be important in limiting upper distributions. However, 

the lowest LLHW level, which occurs in March, may be of less 

importance than the only slightly higher LLHW levels which 

occur in February or May since they yield somewhat longer 

exposure periods and are more representative of extreme 

climatic conditions. 

It was found that prolonged exposure periods, not 

directly related to any of the theoretical tidal factors 

mentioned above, occur at certain intertidal levels at 

Puerto Penasco and may be potentially critical or limiting 

for upper fish distribution. These are indicated in Table 5 

and are distinguished from other critical levels due to pre

dictable established tide factors; the latter values are 

underlined. Included is a 5.6 ft level for February, March 

and April coincident with prolonged exposures of 9, 10 and 

9 hours respectively. This is in contrast to the normal 

5-7 hr periods experienced at that level during these 

months. These periods thus represent the maximum periods of 

exposure at the highest level where clingfish have been 
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actually observed. Other prolonged exposure periods of this 

nature for higher levels are also presented in Table 5. 

During periods of equatorial neap tides in the 

autumn and especially the spring at Puerto Penasco, the 

lower high water stands (LHW) are lowest. On certain days 

during minimal diurnal inequalities, one or two days after 

the quarter moon phase, the combined effect of these two 

factors results in "dampening out," sometimes completely, 

the lower high water (LHW) tide. The result is that the 

depressed or non-existent amplitudes of the higher and lower 

water allows for prolonged continuous emersion as well as 

submersion periods corresponding to very small intertidal 

vertical differences. This seems to explain the existence 

of these certain prolonged exposures which differ from those 

based only on the minimum (critical) level of the LLHW. 

In summary, those critical levels which might 

potentially influence or limit the upper distribution of 

fishes at station 1 are: 5.6 ft in February-April, 6.0 ft 

in March, 6.5 ft in Februarv-April and 6.7 ft in April and 

May. Potential habitats for fishes are lacking above this 

level at station 1 but fishes may occur, at least occasion

ally, in higher elevations in other habitats at Puerto 

Penasco if suitable substrate conditions and environmental 

factors occur; additional critical levels then become 

influential (Table 5). 
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Another critical tidal factor, the LHLW (lowest high 

low water), represents the highest level of exposure only 

once a day. This corresponds to a level ranging from 

-0.4 ft in February to the 1.7 ft level in July. Both of 

these levels occur well below the general range of inter

tidal clingfishes at Puerto Penasco. However, this level in 

all probability, is a factor in limiting the upward distri

bution of certain fishes and invertebrates into the inter

tidal zone where they might be potential clingfish 

competitors or predators. Also, this critical tidal factor 

may be important in preventing intertidal colonization in 

the Puerto Penasco region by the clingfish Tomicodon 

boehlkei (see Chapter 7). 



CHAPTER 5 

TEMPERATURES IN THE NORTHERN GULF 

Temperature is generally regarded as the single most 

important environmental variable affecting the lives of 

aquatic poikilotherms. A substantial literature is avail

able in this field, most of it dealing with various aspects 

of physiological relationships in individual organisms. Ex

tensive reviews may be found in Kinne (1963) and Naylor 

(1965). Several workers also have attempted to correlate 

temperature with distributional patterns of marine organ

isms, including those of the intertidal zone, by use of 

either the monthly means, mean monthly maxima and minima, or 

extremes from long-term data records (Gunter, 1957). Others 

have studied the temperature tolerances of intertidal inver

tebrates or algae and attempted to correlate these results 

with vertical zonation patterns (see Newell, 1970). South

ward (1958) working with gastropods and barnacles, and Edney 

(1962) with fiddler crabs, have attempted to relate results 

of temperature tolerance with in situ temperatures of the 

animals as well as with those of the intertidal zone during 

exposure. The nature of the temperature regime where these 

animals occurred however, was not established in these 

studies. 

76 



77 

In another recent review on temperature, Hedgpeth 

and Gonor (1969) emphasize the inadequacy of relying upon 

routine temperature data collected by oceanographic or 

meteorological stations as a basis for drawing correlations 

between temperature and biological effects. This warning is 

especially pertinent with regards to the intertidal region 

where temperatures may be altered drastically depending upon 

such local factors as vertical level, exposure and substrate. 

Thus, in order to characterize the exact temperature regime 

an intertidal animal experiences, it is necessary to examine 

the specific microhabitats of the animal within a strict 

time-course sequence, on a diurnal, tidal and seasonal basis. 

Hedgpeth and Gonor (1969) have stated that such information 

is wholly lacking for rocky shores anywhere. 

This chapter states the general temperature patterns 

within the northern Gulf and describes in detail the tem

perature characteristics of specific microhabitats within 

station 1 at the Puerto Penasco region. The intertidal data 

are correlated with season, time of day, tidal cycle and 

substrate and are compared with data from long-term records 

available for the Puerto Penasco region. 

General Temperature Patterns 

Although long-term air temperature data are avail

able from several locations within or near the northern 

Gulf, sea surface temperatures exist only for Puerto 
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Penasco. Neither data are available for the Kino region so 

data from Guaymas 150 km south will be discussed for 

reference. 

The most extreme seasonal air temperature differen

tials occur in the northernmost part of the Gulf. At Puerto 

Penasco the coldest months are January and February with an 

extreme low recorded of -2.2°C while July and August are the 

warmest months with an upper extreme recorded of 40.0°C 

(Tables 6 and 8). 

At Guaymas, air temperatures are also lowest in 

January and February but are less extreme than those for 

Puerto Penasco, averaging 6.4-6.6°C warmer (Table 6). The 

warmest months, July and August, likewise have higher 

temperatures averaging 1.3-1.7°C more than at Puerto 

Penasco. Considering the monthly minimum and maximum means, 

the seasonal differential for Guaymas is 13.0°C whereas it 

is 18.3°C for Puerto Penasco. 

Sea surface temperature records indicate a similar 

pattern of colder winters at Puerto Penasco and warmer sum

mers at Guaymas (Tables 7 and 8). Table 7 is based on dis

continuous USCG records for a six year period from Puerto 

Penasco harbor and records are based on only two to three 

years for some months. Table 8 represents recordings taken 

over a two year period from in front of the Puerto Penasco 

Marine Station (Fig. 6). The two sources of data are con

sistent with each other in terms of basic pattern but the 



Table 6. Air Temperatures (°C) at Puerto Penasco and Guaymas 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Puerto Penasco City 

Mean 11.4 12.6 14.6 17.9 20.7 25.1 29.3 29.7 28.0 23.0 16.6 12.6 

Maximum Mean 14.6 15.5 16.2 19.9 22.9 26.3 30.5 30.6 29.3 24.5 18.1 13.8 

Minimum Mean 8.5 10.2 12.9 16.6 19.5 23.8 28.7 28.5 26.6 21.0 13.9 11.1 

Guaymas 

Mean 18.0 19.0 20.8 23.3 26.2 29.5 31.0 31.0 30.6 27.6 22.6 19.2 

Maximum Mean 19.9 20.9 23.7 26.2 29.2 34.6 33.4 32.6 31.8 29.6 24.5 21.6 

Minimum Mean 13.8 16.1 18.0 21.4 23.9 27.5 28.3 28.9 28.8 25.9 20.2 17.3 

Source: Puerto Penasco-Secretaria de Recursos HidrSulicos 1948-1962. 
Guaymas-Servicio Meteroroldgico Mexicano 1921-1962. 



Table 7. Sea Surface Temperatures (°C) at Puerto Penasco and Guaymas 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Puerto Penasco City 

Mean 14.8 15.7 17. 8 20.5 23.7 26.3 29.6 31.1 30. 8 27.9 21.9 17.3 

Mean Maximum 17.6 17. 8 20.2 23.3 26.0 28.9 31.9 32.2 32.2 30.2 25.4 20.4 

Maximum 18.1 18.9 21.4 24. 4 26.9 29.4 32.2 32.8 32.8 31.1 26.7 23.0 

Minimum 11.1 12.2 15.0 16.7 19.4 21.7 25.3 29.7 28.3 24.0 18.1 11.0 

Mean Minimum 12. 4 14. 4 15.7 17. 8 21.0 22.9 27.5 29. 8 29.0 25.3 18.9 14.4 

Guaymas 

Mean 17.0 18.1 18.9 22.2 25.1 29.2 31.7 31.7 31.2 28.1 22.6 18.2 

Mean Maximum 19.3 20.0 21.7 24.7 27.8 32.2 33.3 33.9 33.4 30.9 26.0 20.7 

Maximum 27 22 23 27 31 35 36 37 37 33 29 27 

Minimum 12 13 14 14 14 14 22 24 28 22 17 11 

Mean Minimum 14.7 16.1 16.6 19.3 21.3 25.9 30.0 29.6 29.8 24.9 18.9 15.6 

Source: Puerto Penasco-U. S. Coast and Geodetic Survey 1952-1955 and 
1963-1964. 
Guaymas-U. S. Coast and Geodetic Survey 1950-1952 and 1957-1964. 



Table 8. Air and Sea Surface Temperatures (°C) at the Puerto Penasco Marine Station 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Air Temperatures 

Mean 11.2 12.1 15.7 17.6 20.6 22.2 28.1 28.5 25.9 23.4 17.4 13.8 

Maximum Mean 18.7 19.6 22.6 23.5 25.5 26. 8 31.3 30.6 30.2 30.3 24.9 20.9 

Maximum 25.6 28.9 31.1 34.4 31.1 34.4 40.0 33.3 34.4 37.7 35.6 27.2 

Minimum -1.1 -2.2 0.0 5.0 8.3 11.7 20.0 28.9 10.6 8.3 1.1 2.8 

Minimum Mean 3.7 4.5 8.8 11.7 15.7 17.6 24.9 26.4 21.6 16.3 9.8 6.7 

Sea Surface Temperatures 

Mean 14.1 13.9 16.0 19.5 23.1 24.7 28.9 29.7 27.8 24.9 20.3 16.3 

Maximum Mean 15.6 15.9 19.1 22.1 25.5 26.7 30.6 30.8 30.2 27.4 23.8 19.2 

Maximum 15.9 17.0 18.1 22.2 26.6 27.6 30.6 31.0 30.3 28.6 24.3 20.0 

Minimum 11.9 10.9 12.1 15.6 19.6 22.2 26.6 25.4 21.9 20.9 14.8 11.7 

Minimum Mean 12.2 11.1 12.1 16.1 20.1 23.2 26.8 26.9 23.4 21.1 16.7 12.6 

Source: Puerto Penasco Marine Station July 1964-June 1966. 
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Marine Station data generally shows lower values; the 

monthly means are all lower by 0.6-3.0°C. A check of the 

limited USCG data for 1963-64 shows a cooling trend between 

those years of 0.8-1.6°C. Inspection of both sources for 

the 1964 overlap period indicates the Marine Station data to 

be only 0.8-1.8°C lower, thus, about half of the discrepency 

may be explained on the basis of a cooling trend while the 

other half may be due to differences in local geography or 

inaccuracy. Air temperature data from the Puerto Penasco 

Marine Station for 1964-66 likewise indicate cooler tem

peratures, especially in the summer months (Table 8). 

Seasonal differentials for Puerto Penasco are 17.0°C 

for monthly means, 21.1°C for mean monthly maxima and minima, 

and 21.9°C for extreme minima and maxima. Comparable 

figures for Guaymas are 14.7, 19.2 and 26.0°C respectively. 

During July and August the monthly mean sea surface tempera

tures at Guaymas are respectively 2.1 and 0.6°C warmer than 

at Puerto Penasco and in January and February the mean 

values for Guaymas are 2.2 and 2.4°C higher. 

In the Gulf at Topolobampo (300 km south of Guay

mas) , sea surface temperatures are similar to Guaymas in the 

summer but are warmer in the winter, giving a mean seasonal 

differential two degrees smaller. Further south at Mazatlan, 

summer temperatures are 1.7°C cooler and winters more mild 

than at Guaymas resulting in a small seasonal differential 

of 9.4°C which is 5.3°C less than at Guaymas and 7.6°C 



less than at Puerto Penasco. Thus, based on the east coast 

of the Gulf of California, the lowest winter temperatures 

and greatest seasonal differentials are experienced at the 

northernmost Puerto Penasco station and the warmest summer 

temperatures occur in the central Gulf at Guaymas. 

Habitat Temperatures 

Ten temperature stations along a vertical transect 

through station 1 at Puerto Penasco were monitored hourly 

through tidal cycles for representative days in February, 

April, June, July and August of 1967, The stations were 

selected to include potential and actual clingfish micro-

habitats near their observed upper vertical range (5.0-5.6 

ft) as well as reference stations above and below this 

level. The following is a description of the stations. 

Reference may be made also to Figure 9: 

SSa Surface sand (exposed); 9.1 ft level 

1-Sa One inch under.sand surface; 9.1 ft level 

SB Surface boulder (exposed) basaltic; 5.6 ft level 

SSn Surface sandstone platform (exposed); 5,6 ft 
level 

RWE Residual water (exposed), 20-50 mm deep pockets; 
5.6 ft level 

BSn Boulder-sandstone platform interface, without 
standing water; 5.6 ft level 

RWP Residual water (protected), 20-50 mm deep 
pockets with boulders; 5.6 ft level 
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TP Tide pool (exposed); 125 ft x 65 ft; 1.1-1.9 ft 
level 

Surf Sea surface temperature at leading edge of surf 

Air-3 Air temperature 3 ft above substrate; 5.6 ft 
level 

All measurements were made with a mercury thermome

ter or a YSI thermistor both calibrated with a standardized 

National Bureau of Standards thermometer. All temperatures 

were taken while shaded from the sun and wind. Readings 

were taken one inch under the surface unless otherwise indi

cated (above), except for RWP which was taken under the 

boulders. All of the readings were made only during 

emersion of each station. 

Results of the continuous hourly recordings accord

ing to time of day and tidal cycle are presented in 

Figures 28-32. Diurnal and seasonal temperature differen

tials are presented in Table 9 for all 10 stations and are 

compared with data from long-term air and sea surface 

temperatures. 

Figure 33 shows the seasonal extremes for each sta

tion and the extremes and means for one complete tidal cycle. 

The data is based on readings for February and August and is 

compared to seasonal extreme values for long-term air and 

sea-surface temperature data from Puerto Penasco. 

General Considerations 

Examination of Figures 28-32 reveals the tempera

ture structure of the intertidal zone to be complex. The 



Figure 28. Continuous Temperature Fluctuations in 

Intertidal Microhabitats at Station 1, 

Puerto Penasco, During February 11-12, 

1967. 

Data are correlated with tidal cycle and 
time of day. Stippled bars represent 
clingfish microhabitats. See text for 
further detail. 

SSa - Surface sand (exposed) 
1-Sa - One inch under sand surface 

(protected) 
SB - Surface boulder (exposed) 
SSn - Surface sandstone platform 

(exposed) 
RWE - Residual water on platform 

(exposed) 
BSn - Boulder-sandstone platform 

interface (protected) 
RWP - Residual water on platform 

(protected) 
Surf - Sea surface at leading edge of 

surf (exposed) 
Air-3 - Air temperature 3 ft above sub

strate (exposed) 
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Figure 28, Continuous Temperature Fluctuations in 
Intertidal Microhabitats at Station 1, Puerto Penasco, 
During February 11-12, 1967, 



Figure 29. Continuous Temperature Fluctuations in 

Intertidal Microhabitats at Station 1, 

Puerto Penasco, During April 8-9, 1967. 

See Figure 28 for additional information. 
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Figure 29, Continuous Temperature Fluctuations in 
Intertidal Microhabitats at Station 1, Puerto Penasco, 
During April 8<-9, 1967, 
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Figure 30. Continuous Temperature Fluctuations in 

Intertidal Microhabitats at Station 1, 

Puerto Penasco, During June 10-11, 1967. 

See Figure 28 for additional information. 



87 

4.3 ft 7am >.10 

40 -

at 

n—fln 
9am 2.4 ft. -1.5 ft. 0.3 ft. 11am 

ac 

3 
30-

< 

m 5.9 ft. 3.4 ft. 10pm 3.3 ft. 

40-
ui 

30-

IU 

r-inr-il \m 
6.2 ft. Jun.ll 11pm 4.3 ft. 7am 3.4 ft. 

30-

Figure 30, Continuous Temperature Fluctuations in in Fluctuations 
Intertidal Microhabitats at Station 1, Puerto Penasco 
During June lOr-ll, 1967, 



Figure 31. Continuous Temperature Fluctuations in 

Intertidal Microhabitats at Station 1, 

Puerto Penasco, During July 8-9, 1967. 

See Figure 28 for additional information. 
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Figure 31. Continuous Temperature Fluctuations in 
Intertidal Microhabitats at Station 1, Puerto Penasco, 
During July 8-9, 1967, 



Figure 32. Continuous Temperature Fluctuations in 

Intertidal Microhabitats at Station 1, 
* 

Puerto Penasco, During August 7, 1967. 

See Figure 28 for additional information. 
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Figure 32, Continuous Temperature Fluctuations in 
Intertidal Microhabitats at Station 1, Puerto Penasco, 
During August 7, 1967, 
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Table 9. Diurnal and Seasonal Temperature Differentials 

in the Intertidal Zone at Puerto Penasco 

Station3 
Annual 
Range 

Diurnal Range 

Station3 
Annual 
Range 

Feb Apr Jun Jul Aug 

SaS 38.8 17.8 20.0 19.9 15.6 16.0 

1-Sa 35.4 16.0 18.7 17.3 14.8 16.0 

SB 35.9 18.3 18.2 14.0 14.2 13.2 

SSn 28.9 13.4 10.4 10.3 7.3 7.2 

RWE 27.9 13.8 11.3 6.9 7.3 8.0 

BSn 22.0 9.5 5.8 3.0 5.0 3.1 

RWP 20.7 6.1 3.5 2.9 2.1 4.2 

TP 17.6 4.1 2.0 3.0 1.5 

Surf 21.3 9.0 3.3 2.6 3.0 2.8 

SWS-Pb 20.1 

Air-3 25.6 15.9 11.4 5.1 2.5 2.6 

Air-Pb - 42.2 20. 4 23.3 16.1 18.6 10. 8 

aSee text for symbol explanation. 

Sea surface (SWS-P) and air (Air-P) temperatures 
from data recorded by Puerto Penasco Marine Station 1964-
1966. 
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temperatures of the several stations are in continuous fluc

tuation and show strong differential rates of heating and 

cooling. Several sources of heating and cooling are seen to 

be operational, primarily those of solar radiation, conduc

tion, evaporation and re-radiation. The influence of these 

sources on the microhabitats is strongly and regularly modi

fied by season, time of day, tidal cycle, substrate and air 

temperature. The heat budget for the intertidal zone appears 

to be probably the most complex of any environment and an 

analysis is therefore not attempted for the present purposes. 

Rather, the determination of the upper and lower temperatures 

of the clingfish microhabitat and the extent of its vari

ation with respect to other intertidal stations on a seasonal, 

diurnal, and tidal cycle basis is the primary consideration. 

Patterns of Temperature Variation 

Although variation of temperature may be consider

able in the intertidal zone, its ultimate magnitude is 

related to periods of emersion and submersion. Temperatures 

of all stations are essentially stabilized after submersion, 

but immediately upon emersion, differential heating and 

cooling take place in the various stations dependent in part 

upon the season and time of day. As expected, those sta

tions which retain the greatest amount of water, having a 

higher specific heat, show a degree of lag in temperature 

change over other stations. 
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Figure 33 shows the summer and winter range of 

variation for each station with respect to tidal cycle. The 

variation is greatest for all stations in the winter due to 

longer exposure periods and greater differentials between 

the air and sea temperature. The large tide pool shows the 

least variation for both seasons primarily because of its 

shorter exposure period in the lower zone and its high spe

cific heat. The basaltic boulders have the greatest 

variation due primarily to their dark color which acts as a 

black body and also because of little or no water retention 

on their hard smooth surface. The exposed residual pools 

and sandstone surface show considerable lag in heating due 

to evaporative cooling. The sandstone surface station how

ever, becomes sufficiently dry during exposure periods in 

the summer so that its rate of heating due to radiation 

increases substantially. 

The two primary clingfish microhabitats (BSn and 

RWP) show the smallest variations after the tide pool sta

tion, Both are largely protected from direct radiation but 

the RWP less so. Nevertheless, the BSn microhabitat gen

erally shows the higher maximum temperatures because after 

runoff and initial evaporation it retains little moisture, 

and subsequent conduction from the warmer air during the day 

is more effective in raising the temperature. Evaporation 

is apparently sufficient for the RWP to maintain somewhat 

lower temperatures than the BSn in the summer, In the 



Figure 33. Summer-winter Temperature Characteristics of Intertidal Micro-

habitats and Ambient Air and Sea Surface Temperatures in Sta

tion 1, Puerto Penasco. 

Extreme seasonal temperatures and the mean, maximum and 
minimum temperatures during tidal cycles are presented. 
Clingfish habitats are indicated by stippled data. 

Vertical extent of data represents maximum and minimum 
extremes of annual range for 1965-1967. Upper and lower 
vertical boxes represent greatest temperature range 
during a tidal cycle for summer (August) and winter 
(February) for 1967; cross bars indicate the mean hourly 
temperature value for that tidal cycle. The last three 
data (without boxes) represent measures of the ambient 
environment where vertical lines indicate annual tem
perature extreme range; upper and lower cross lines in
dicate mean values for August and February and lower 
dashed cross lines mean values for January. 



Figure 33. Summer-winter Temperature Characteristics of Intertidal 
Microhabitats and Ambient Air and Sea Surface Temperatures in Station 1, 
Puerto Penasco. 

VO 
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winter, at night however, the colder air temperature has a 

greater influence upon the BSn station than the RWP station. 

Surf temperatures were recorded at the leading edge 

of the water during the same time period other stations were 

recorded, up to the 5.6 ft level. Figure 33 shows consider

able variation for the surf temperatures indicating higher 

and lower temperatures than for either the tide pool, RWP or 

the BSn stations. Also, the range of variation is greater 

for those same stations in the winter and for the tide pool 

in the summer. This elevation of the surf temperature which 

occurs in both summer and winter, is due to absorption of 

heat from the substrate during tidal flow after daytime ex

posure periods. Elevations of temperature are especially 

evident when the surf edge has passed over the black basal

tic rocks after periods of intense solar radiation. The re

verse pattern is evident at night, especially in winter, 

where the surf temperature is depressed after the tide 

passes over the cooler substrate. 

The increase in surf temperature in February, with 

the ascent of the tide to the 5.6 ft level, may be as much 

as 5,9°C. In August the sea temperature more closely ap

proximates that of the air so that the maximal total increase 

in surf temperature with high tide is 2.8°C. The biological 

significance of this phenomena is that the clingfish micro-

habitats at the 5,6 ft level are inundated suddenly by 
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water 4.6°C higher than occurs in their microhabitat in 

February and by water 2.0°C higher in August. 

The decrease in surf temperatures with rising tide 

in February after nighttime cooling periods may be as much 

as 3.4°C and in July as much as 2,0°C, For both winter and 

summej: this cooling of the surf is not sufficient to depress 

the temperature below that of the clingfish microhabitats 

since the latter, during the same exposure period, have 

cooled considerably due to evaporation and re-radiation. 

Thus, at the time the surf covers the clingfish microhabi

tats, the surf temperature is still 2-3°C warmer in February 

and less than 1°C warmer in July. 

Therefore, the coldest temperatures experienced in 

the clingfish microhabitats occur in the winter after night

time exposure but before inundation by the rising tide. 

The warmest temperatures experienced however, occur in the 

summer after daytime exposure and immediately after inunda

tion by the high tide. 

Diurnal and Seasonal Extremes 

In Table 9 extreme diurnal ranges for each station, 

based on equivalent 24 hour recording periods for 1967, are 

presented according to month and also are compared to daily 

and seasonal ranges from long term data of air and sea fur-

face temperatures. 
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The greatest ranges generally occur in February and 

the smallest in June or July. The temperature differences 

between stations for any one month are extensive and may be 

of the magnitude of ten times. These differences between 

stations are considerably reduced when examined on a 

seasonal basis. The tide pool and the two clingfish sta

tions show the least variation for all months as does the 

surf station, except in February. 

Significant differences are evident between the 

variations in air temperatures recorded over the moist 

intertidal zone (Air-3) and those from the arid, desert 

station (Air-P) located about 90 meters inland from the 

intertidal zone. The seasonal variation for the latter 

protected station is greater than any of the exposed inter

tidal stations. 

Table 9 is based on data continuously recorded by 

hour for February 11-12, April 9-10, June 10, July 8-9 and 

August 7 of 1967. Other sporadic recordings for 1965-1967 

gave occasional higher readings for all stations but lower 

readings for none. These latter records are included in 

Figure 33 and are represented by horizontal bars yielding 

maximum temperatures; they do not represent equivalent 

recording periods. Thus, for all years, the maximum tem

peratures recorded in the clingfish stations were 35.0°C 

for BSn and 33.0°C for RWP. 
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Exposure Period and Temperature 

The lowest temperatures experienced in the clingfish 

microhabitats occur at night, in the winter, at the end of 

the exposure period before tidal inundation. Factors in 

combination which are expected to enhance cooling are: 

prolonged exposure periods, exposure occurring during early 

morning before sunrise, cold overlying air temperatures pro

moting conduction, clear sky and low humidity promoting 

back-radiation, and dry wind passing over the moist sur

faces enhancing evaporative cooling. 

As pointed out in Chapter 4, the longest exposure 

periods in the winter occur during the early daylight hours 

while the shortest occur in the early evening, Considering 

this factor, for which lowest winter temperatures are based, 

February 11, had an exposure period at the vertical level 

of the clingfish microhabitat of six hours, from 7 PM 

through 12 AM. This particular exposure period, which also 

coincided with clear skies and moderate winds, is thought to 

be well representative of potential minimal temperatures. 

One prolonged exposure period of nine hours occurred on 

February 18, representing a "critical" exposure period for 

the 5,6 ft level (Chapter 4); this period extends over the 

warmest part of the day (10 AM-6 PM) and, in fact, probably 

does not represent a period of low temperatures. 

During the first week of January however, exposure 

periods occur during potentially colder periods of the early 
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morning before sunrise. It is not known whether sampling on 

these nights would, in fact, reveal colder intertidal tem

peratures than that of February 11. However, the January 

periods are only of four hour duration and the winds during 

that time are known to be less than for periods in the 

second week of February. 

During August, exposure periods at the 5.6 ft level 

range from 4-6 hours and occur in the morning; the latest 

exposures occur at 1 PM but these are of a 4-5 hour dura

tion. The August data used in this study was collected on 

August 7 during a six hour exposure period lasting from 

6 AM-11 AM and coincided with clear skies which promoted 

maximum radiation. On only one other day, August 8th, did 

an exposure period of equal duration occur at a later time, 

12 PM. Thus, the data collected for August 7th are thought 

to be representative of maximum potential temperatures ex

perienced for the intertidal zone at the level of the 

clingfish microhabitats. 

Discussion 

From the foregoing data it is evident that the over

lying air is the greatest modifier of the intertidal tem

peratures. However, temperatures from the inshore weather 

station show diurnal and seasonal extremes many times the 

magnitude of the intertidal air temperatures. Monthly means 

or mean maximum and minimum monthly data likewise indicate 
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little direct relationship to the intertidal condition. 

Sea surface temperature data shows a smaller annual 

extreme range than all intertidal stations except that of 

the tide pool, which is less. Differences between inter

tidal temperatures and those of the sea surface are es

pecially notable in the winter (Fig. 33). Surf temperatures 

in the intertidal zone however, have a greater range than 

subtidal sea surface and also of several intertidal stations 

with higher temperatures occurring in both summer and winter. 

Diurnal and seasonal temperature ranges are exten

sive in the unprotected stations, especially those contain

ing little moisture. Depression of temperatures at these 

stations in the winter is slight in relation to the other 

stations but elevation of temperatures due to solar radia

tion in both summer and winter is considerable, resulting in 

temperatures higher than both inshore and intertidal air 

stations. 

Of the three stations occupied by clingfishes, the 

boulder-sandstone (BSn) microhabitat which has the highest 

extremes in the summer and the lowest in the winter is most 

commonly occupied by Tomicodon humeralis. The protected 

residual pools (RWP) show less extreme temperatures with an 

upper maximum temperature 2.0°C cooler in the summer and a 

lower winter minimum 1.2°C warmer than that of the boulder-

sandstone (BSn) microhabitat; they are most commonly occupied 

by Gobiesox pinniger. The large tide pool station has an 
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upper maximum summer temperature 3.6°C cooler than the BSn 

station in summer and a lower minimum 11.6°C warmer in the 

winter. Nevertheless, clingfishes form a small part of the 

large tide pool fish fauna and are represented there only by 

G. pinniger. 

The clingfish stations experience considerably less 

cooling at night and less heating during the day compared to 

the other stations studied in the intertidal zone and thus 

are subjected to minimal diurnal, tidal and seasonal fluc

tuation. The highest readings for the two upper stations 

were 35°C for the BSn station and 33.0°C for the RWP sta

tion while the lowest were 8.0 and 9.3°C respectively. 

However, if the modifying effect of the surf temperature 

coincident with the rising tide is considered, the highest 

temperature of the BSn station becomes potentially 37°C and 

for the RWP station 35°C while the lowest potential tempera

tures are not influenced by this factor. The relationship 

of these microhabitat temperatures with temperature toler

ances of the clingfishes are discussed in Chapter 8. 



CHAPTER 6 

RESPIRATORY ADAPTATIONS 

The success of clingfishes in the intertidal zone of 

the northern Gulf of California is in part dependent upon 

their ability to respire aerially during periods of exposure. 

All four of the common clingfish species are capable of 

aerial respiration and all are found, at least occasionally, 

in microhabitats devoid of sufficient water for aquatic 

respiration. 

Of the forty or so species of fishes known to 

respire aerially, only a few have been reported from the 

marine environment (for review see Carter, 1957; Bertin, 

1958 and Saxena, 1963). This is presumably because the 

evolution of air-breathing fishes was a response to habitats 

experiencing oxygen depletion and such habitats are rare in 

the marine environment. Several of the marine air-breathers 

however, notably those of the family Gobiidae, live in shal

low pools along muddy shores or in estuaries where oxygen 

levels become sufficiently low to induce aerial respiration 

(Saxena, 1963; Todd and Ebeling, 1966). 

A few marine Old-World blenniids are known to leave 

their tide pools occasionally and some of these apparently 

rely upon cutaneous and branchial aerial respiration while 

101 
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others withstand limited periods of anoxia and appear not to 

respire aerially (Gibson, 1969). Also, the marine inter-

tidal Panamanian clinid, Mnierpes macrocephalus, migrates 

vertically with the tide, remaining just under the water 

surface and makes frequent short aerial excursions in order 

to capture prey; it is not known however, whether they are 

capable of active aerial respiration (Graham, 1970a). 

Probably the most well-known marine air-breathers 

belong to the gobiiform family, Periophthalmidae of Asia, 

Africa and Australia. Recent natural history studies on 

Periophthalmus sobrinus from Africa (Stebbins and Kalk, 1961 

and Gordon, et al., 1968) indicate that although this 

species commonly occurs in the mud-sand intertidal habitat, 

they also may be found in rocky habitats and the principal 

stimulus for their aerial respiration and terrestriality is 

that of food seeking. This species typically moves up and 

down the intertidal zone with the tide but remains above the 

water level, returning regularly to wet its gills but only 

occasionally its entire body. 

Aerial respiration by clingfishes, in addition to 

the four northern Gulf of California species (Eger, 1968), 

has been reported in the Chilean clingfish Sicyases 

sanguineus (Vargas and Concha, 1957 and Ebeling, 1968). 

This species occurs on the exposed vertical rock faces in 

the intertidal spray zone which is subject to considerable 
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wave force; aerial respiration appears to be associated with 

periods of feeding activity. 

Habitat Requisites for Clingfish Aerial Respiration 

Intertidal observations in the northern Gulf of 

California show that, contrary to other air-breathing 

fishes, the primary stimulus for aerial respiration in 

clingfishes is not oxygen depletion in the habitat nor is it 

for terrestrial excursions in the search for food. 

The clingfish microhabitats are typically found in 

well-oxygenated intertidal zones during periods of tidal 

submergence. With the receding tide, these microhabitats 

often become sufficiently drained of water to expose the 

clingfishes to the air. Under these conditions however, 

clingfishes have not been observed to migrate to sources of 

water which would allow aquatic respiration. Instead, they 

remain inactive under particular rocks or among cobbles and 

pebbles for the duration of the exposure period and do not 

appear to show any feeding behavior. However, when the in

coming tide covers the microhabitats sufficiently, the 

clingfishes emerge from under the rocks and exhibit an 

active searching behavior. 

Thus, the intertidal clingfishes are confronted 

rather abruptly, with the necessity to respire aerially and 

alternately aquatically. This occurs on a regular basis and 

is conditional upon tidal periodicities. 
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Mechanism of Aerial Respiration 

Several different structural and behavioral adapta

tions have evolved to enable fishes to respire aerially 

(Carter, 1957; Bertin, 1958 and Saxena, 1963). Many of 

these involve the use of vascularized epithelial tissues of 

the skin, digestive tract, bucco-pharynx or branchial cham

ber; others utilize specialized pharyngeal diverticula, the 

swimbladder or depend upon an increase in gill surface area. 

Moreover, several of these fishes are not dependent upon 

only one of these adaptations. 

In clingfishes, exchange of atmospheric oxygen 

appears to take place primarily in the branchial chamber 

(Figs. 34, 35). Air is taken into the mouth, the gular 

region expands, the head is slightly elevated and the 

opercula are extended. Air bubbles are withdrawn into the 

branchial chambers for variable periods and are then 

expelled out through the opercular openings. 

Aerial respiration is accompanied by the secretion 

of considerable quantities of mucus especially from the 

branchial chambers and from the pectoral base region im

mediately behind the opercular openings. The pectoral base 

contains a soft fleshy structural pad which seems to be a 

major site of mucus production and which may also serve to 

ensure a firm seal for the opercular membrane. 

Preliminary experiments with Tomicodon humeralis in

dicate that oxygen exchange also may take place through the 



Figure 34. Aerial Respiration in Tomicodon humeralis. 

Opercula are extended and air bubbles may 
be seen in the branchial chambers. 

Figure 35. Expulsion of Air Bubbles by T. humeralis 

Prior to Air Inhalation. 
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Figure 34. Aerial Respiration in Tomi codon humeral is. 

Figure 35 . Expulsi on of Air Bubb les by T . humeral i s 

Prior to Air Inhalati on . 
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body integument when the head and gills are sealed. Ex

change is small however, and animals cannot survive more 

than four hours by this method alone. Also, although the 

integument is vascularized (Fig. 44) capillaries appear 

limited to the upper dermis and do not penetrate into the 

epidermis; this may however, prove to be inconsequential in 

terms of gas diffusion since the epidermis in Tomicodon 

humeralis is unusually thin. 

Aerial and Aquatic Oxygen Consumption 

In order to evaluate whether periods of aerial emer

sion impose respiratory stress on clingfishes or if meta

bolic changes might occur, oxygen consumption rates were 

determined for Tomicodon humeralis in an aqueous and an 

aerial medium. 

A lowered oxygen consumption rate in an aerial 

medium might indicate an inefficient mechanism for oxygen 

withdrawal, therefore imposing limits on the duration cling-

fish may respire aerially in the intertidal zone without re

sorting to migration or physiological compensation. A 

lowered oxygen consumption rate might also indicate a com

pensatory lowering of metabolic rate as an adaptation to 

conditions of asphyxia. Further, an increased aerial oxygen 

consumption rate could suggest the attainment of higher 

levels of metabolism at such times. 
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Methods and Materials 

All fishes used in the following experiments were 

kept in aquaria at 24,0 + 0.9°C and were maintained on a 

diet of frozen brine shrimp and dried trout food up to 

24 hours before testing. Oxygen consumption tests were 

carried out between the hours of 9 PM and 5 AM, 

Consumption rates were determined by using a Warburg 

respirometer to which were fitted special large flasks of 

known volume (400 ml range). Determinations were carried 

out in a constant 20,0°C water.bath. Standard mechanical 

procedures and calculations were derived from Umbreit, 

Burris and Stauffer (1957), and corrections were made for 

sea water solubilities. 

The respirometer flasks were allowed to thermo-

equilibrate with animals in place for one hour before 

manometer readings were taken. Manometer readings were re

corded every half hour for four and one-half hours to detect 

variability and then were expressed on a per hour basis. 

The last five half hour readings for each fish were used 

for consumption calculations. The mean of the means for 

each fish plus the range was thus used for the final con

sumption expression. 

Four fish were placed in 125 ml of filtered sea 

water in separate flasks and three fish were placed sepa

rately in three other dry flasks. One milliliter of a 20% 

KOH solution was placed in the side arm of each flask for 
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C02 absorption and the eighth flask was used as a thermo-

barometer. All fish were blotted after volume displacement 

determination and before weighing. 

Results 

For the four sea water fishes, the mean oxygen con

sumption rate was 0.1073 ml/gm/hr showing a range of 

0.0806-0.1464 ml/gm/hr. For.the three fishes in the aerial 

medium, the mean oxygen consumption rate was 0.1038 ml/gm/hr 

showing a range of 0.0776-0.1506 ml/gm/hr. The means as 

well as the ranges show little difference; thus it appears 

that based on this measure, metabolic rates are similar in 

the two media. Also, although the greatest variability is 

shown for the fishes utilizing atmospheric oxygen, their 

consumption rates showed no lowering trend over the total 

five and one-half hours they were exposed to the aerial 

medium. 

Responses to Decreasing Oxygen Tensions 

In order to determine whether clingfishes resort to 

aerial respiration in response to lowered oxygen tensions, 

Tomicodon humeralis was subjected to a series of different 

oxygen tensions in the laboratory. These studies were also 

designed to determine the capacity of compensation by the 

clingfishes to lowered tensions by measuring their oxygen 

consumption rates as well as their ventilation rates. 
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Methods and Materials 

The experimental design for most of these studies 

utilized a three chamber/ continuous flow system whereby sea 

water flowed from a source tank over the animals in the 

respiratory chamber at a known rate and with a known oxygen 

concentration. Such a system assures a constant level of C>2 

surrounding the animal and obviates effects of CO2 buildup. 

The flow of water through the system could be regulated by 

controlling the pressure in the source tank and the rate was 

monitored by measuring the volume of water flowing out of 

the system against time. Valves were provided for draining 

off water for oxygen determinations at the source tank and 

from the bottom of the second chamber. 

To create lowered oxygen tensions, a nitrogen tank 

was attached to the source tank and the nitrogen was bubbled 

through the sea water forcing the oxygen to escape. Oxygen 

concentrations could be controlled by knowing the volume of 

the source water, the pressure of the nitrogen entering and 

duration of gas flow. Exact concentrations were established 

by the Winkler technique for dissolved oxygen. When the de

sired oxygen concentration was established, the air outlet 

of the source tank was closed and a small pressure head of 

nitrogen was maintained above the water throughout each run 

so that water would flow through the system at a constant 

rate but without altering the oxygen concentration. 
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Fishes were maintained as described in the preceding 

section and the experiments were run at 24.0 i 0.9°C during 

a similar time period. Two fishes at a time and of about 

equal size were placed in the first chamber which was 

covered to exclude any extraneous stimuli. The fish were 

allowed to acclimate to the chamber for two hours with the 

sea water flowing under atmospheric conditions at an oxygen 

concentration of 4.487 - 0.261 ml/1. For runs with oxygen 

tensions lower than atmospheric conditions, the system was 

stopped for not more than five minutes at the end of the two 

hours while the oxygen tensions in the source tank were al

tered. After the third hour a water sample was withdrawn 

from the second chamber for Winkler analysis. This was done 

while the system was still running and it did not influence 

the flow over the respiring animals nor introduce air into 

their chamber. Ventilation rate was taken at this time. 

The system was then stopped and a water sample was withdrawn 

from the source tank for analysis. The animals were re

moved, blotted and weighed and oxygen consumptions were ex

pressed on a gram basis for both fish of each test run. 

Calculations are based on two fish for each oxygen concen

tration level except for the control level (4.487 ml/1) 

which is based on six fish. 

For other experiments three fish were placed in an 

open vessel with a known volume of sea water and nitrogen, 

under constant pressure, was bubbled through the water for a 
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particular time period. The behavior and ventilation rate 

of the fishes were recorded with time and correlated with 

oxygen concentrations of samples withdrawn from the bottom 

of the vessal. 

Results 

Figure 36 shows the oxygen consumption for five dif

ferent oxygen concentration levels. The highest concentra

tion, 4.487 ml/1, represents the control at atmospheric 

pressure in the laboratory. Oxygen consumption was only 

slightly lower in concentrations of 2.85 ml/1 but decreased 

considerably in lower concentrations until death ensued in 

concentrations of 0.169 ml/1. 

Ventilation rate in atmospheric control concentra

tions with the animals at rest show a mean of 78 and a range 

of 65-92 opercula beats per minute. Ventilation increases 

to 201 beats per minute in an oxygen concentration of 2.2 

ml/1 and decreases slightly in oxygen concentrations of 0.70 

ml/1. Thereafter, ventilation rate decreases rapidly in 

lower concentrations until death. 

Compensation in ventilation rate for lowered oxygen 

is somewhat limited in clingfishes and if they are deprived 

of atmospheric oxygen they soon die in concentrations below 

0.169 ml/1. All these tests however, are based on the ani

mals being subjected to the particular concentrations for 

one hour so it is not known how long they will survive in 



Figure 36. Oxygen Consumption and Ventilation of T. humeralis in Lowered 

Oxygen Concentrations. 

Oxygen consumption rates are indicated by circles and 
ventilation rates by squares. 
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Figure 36, Oxygen Consumption and Ventilation of T. humeralis in 
Lowered Oxygen Concentrations, 
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these concentrations. It is possible also, that other com

pensatory mechanisms besides increased ventilation rate are 

operating at this time. 

When oxygen was slowly displaced from water in which 

three clingfishes were acclimated under atmospheric concen

trations, the ventilation rate increased rapidly to compen

sate and then decreased sharply to a mean rate of 168 beats 

per minute when the oxygen concentration had reached 0.642 

ml/1. At this point all the animals left the water and com

menced gulping air bubbles into their branchial chamber 

while completely ceasing opercular movements. It was ob

served that these animals became more active with initial 

oxygen decrease but would later remain quiescent on the bot

tom while ventilation rate continued to rise and oxygen 

levels decreased. 

Responses to Increasing Carbon Dioxide Tensions 

The experimental system used for determining 

response to lowered oxygen tensions prevented the build-up 

and therefore possible influence of increased carbon 

dioxide. The following experiment was designed primarily to 

show whether increases in carbon dioxide would stimulate 

clingfishes to respire aerially. 

Two specimens of Tomicodon humeralis were placed in 

an open vessel of sea water in which carbon dioxide was 

slowly bubbled. The initial mean resting ventilation rate 
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was 84 opercula beats per minute. After three minutes the 

mean rate had dropped to 64 beats per minute and after eight 

minutes to 48 beats. During this time branchial expansion 

with each beat became labored and irregular. Little ac

tivity was noted. 

With continued increase of carbon dioxide concentra

tions the fishes showed no activity and the ventilation rate 

decreased to a mean of 30 beats per minute. At this point 

the fishes lost their balance from the lower sides of the 

tank where they had been attached and sank to the bottom 

continuing very slow opercula movement. Fresh air was then 

bubbled through the water and the fishes slowly revived, re

gaining their balance. At no time during the test did they 

attempt to move to the surface of the water. 

The depression of branchial ventilation with in

creasing CC>2 tension, while not characteristic of aquatic 

breathers (Shelton, 1970), is not an unusual phenomenon in 

certain air-breathing fishes such as the lungfish, 

Neoceratodus and the teleost, Symbranchus (Johansen, 1970). 

Since clingfish are capable of remaining out of water for 

extensive periods, they are deprived of the advantage en

joyed by most aquatic air-breathers (Johansen, 1970) in the 

rapid elimination of CO2 by diffusion into the water by the 

skin and gills. Thus, it might be anticipated that they 

have evolved mechanisms which allow a decreased sensitivity 
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to effects. Extensive experimentation is needed to under

stand the role of CO2 in clingfish respiration. 

Aerial Responses to Changes in Water Stagnation 

Clingfish kept in aquaria normally move freely about 

all surfaces, easily attaching to the vertical walls by 

their adhesive disc. They will occasionally also be found 

oriented at the air-water interface, sometimes with part of 

their body breaking the surface. It was observed that if 

strong currents were present in the aquaria, the clingfish 

were less likely to orient to the interface and would 

generally assume an active appetitive behavior. If however, 

the circulating aeration system of the aquaria was inter

rupted, a greater percentage of the clingfishes would orient 

near or above the interface, several of them resorting to 

aerial respiration. 

The following experiments were performed with 

Tomicodon humeralis in an attempt to verify these observa

tions and to suggest probable cause for these behaviors. 

Methods and Materials 

Two control conditions were established for separate 

observational periods of three and four hours each using 68 

and 46 clingfish respectively. Equal volumes of sea water 

in five gallon aquaria were maintained at 24°C. At hourly 

intervals observations were made of the number of fishes 

which were oriented to the air-water interface by noting 
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their occurrence near the surface (within one inch), or par

tially above the surface. Data were recorded as to whether 

the head (anterior to opercula) or the "tail" (posterior to 

opercula) was the region involved in the positive orienta

tion and whether either of these were exposed above the 

surface. 

In the first experiment, conditions were initially 

identical to those of the controls and 46 clingfishes were 

used. After several hours acclimation, the circulating 

aerator of the aquaria was interrupted and observations were 

recorded after periods of 3, 6, and 14 hours duration as well 

as immediately after aeration was resumed. 

In the second experiment a smaller three gallon 

aquarium was utilized and the test was carried out at a 

higher temperature (28°C) using 47 clingfishes. Observa

tions were made after periods of 4 and 14 hours since inter

ruption of aeration. Oxygen determinations were made at the 

end of the experiment using a YSI Oxygen Meter for both the 

experimental tank and control tank II. 

Results 

The results presented in Table 10 show that for the 

control groups, the mean number of clingfishes demonstrating 

positive orientation towards the air-water interface at a 

given time was 9.3%. Of these, 6.6% showed positive head 

orientation, 1.0% of which were exposed and actively 



Table 10. Frequency (%) Aerial Behavior Responses to Increasing Water Stagnation 

Experimental 
Conditions 

Tail Region Head Region Total Experimental 
Conditions Near 

Surface Exposed 
Total 
Tail 

Near 
Surface Exposed 

Total 
Head 

Responses Remarks 

Control I 
Mean of three 
hourly obser
vations. n=68 

0.9 3.4 4.3 2.6 0.9 3.5 8.8 Aerator On 

Control II 
Mean of four 
hourly obser
vations. n=46 

1.1 0 1.1 10.1 1.4 11.5 9.8 Aerator On 
Oxygen 5.5 
mg/l 

Mean of means 1.0 1.5 2.5 5.6 1.0 6.6 9.3 

Experimental I 
Hourly observa
tions. n=46 

0 
6.5 

0 
8.7 

0 
15.2 

26.1 
17.4 

6.5 
2.2 

32.6 
19.6 

32.6 
34.8 
74.0 
8.3 

Aerator: 
Off—3 hours 
Off—6 hours 
Off-14 hours 
On-30 seconds 

Experimental II 
Hourly observa
tions. n=47 

0 4.3 4.3 59.6 12.8 72.4 
100.0 

76.6 
100.0a 

Aerator: 
Off—4 hours 
Off-14 hours 
Oxygen 1.5 
mg/l 

all dead. 
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respiring aerially with their branchial chambers. The 

lowest and highest percentage showing positive head 

orientation for any one observation based on all controls 

was 3.2 and 17.5 respectively. Of these, the maximum 

number of clingfishes actively demonstrating branchial 

aerial respiration for any one observation represented only 

2.5%. 

In the first experiment, three hours after inter

ruption of the circulating aerator, a significant increase 

was evident in the number of clingfishes orienting to the 

air-water interface as well as in the number respiring 

aerially with their branchial chambers. Several cling

fishes at this time were seen to rise from a position below 

the surface, break the interface to quickly withdraw an air 

bubble and sink back below the surface with the bubble being 

held in their branchial chambers. Some of these would hold 

the bubble for varying periods and then resume aquatic 

respiration while others would release the bubble immedi

ately upon sinking beneath the interface. The behavioral 

patterns appeared variable at this time as some clingfishes 

would repeat these sequences while still others would with

draw air rapidly, releasing the bubble almost immediately 

and return to aquatic respiration for longer periods. 

By six hours the total number of clingfishes orient

ing to the air-water interface had increased somewhat to 

34.8% but an increase in tail orientation (15.2%) was 
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observed with a decrease in number showing branchial aerial 

respiration. 

By 14 hours however, a considerable increase was 

seen in total number orienting to the interface (74.0%). 

All of these were either actively respiring aerially with 

their branchial chambers or were head oriented near the in

terface while only seven individuals occurred in other 

regions of the aquaria. When the aerator was then turned 

on, all but 8.3% of the clingfishes immediately became sub

merged within a 30 second time interval and resumed active 

aquatic respiration. Several at this time became active 

and began moving about the aquaria while an insignificant 

number were seen to return to the interface. 

In the second experiment, an almost equal number of 

fishes were used but in a smaller volume of water and at a 

higher temperature. After four hours from interruption of 

the circulating aerator, 76.6% of the clingfishes had ori

ented to the air-water interface. A high proportion showed 

head orientation and 12.8% of these displayed branchial 

aerial respiration. At this time 4.3% showed tail orienta

tion, all with their tails exposed above the water. 

At 14 hours all of the animals were actively de

pendent upon aerial branchial respiration and were either 

positioned with their heads exposed or were at the interface 

moving up only to renew their air bubbles. Eleven (23.4%) 

of the clingfishes however, were found dead at the bottom of 
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the aquarium. The oxygen content of the water at this time 

was 1.5 mg/1 while that of the control tank was 5.5 mg/1. 

Although it is known that Tomicodon humeralis can withstand 

oxygen concentrations even lower than this for one hour (see 

previous section), tolerances for prolonged periods are not 

known and earlier experiments point to an inability to 

compensate aquatically below oxygen concentrations of about 

2.0 mg/1. Since later studies will show (next chapter) 

that this species can successfully respire aerially for ex

tended periods, it can be assumed that these eleven fish 

died as a result of remaining submerged and did not resort 

to aerial respiration. This conclusion is supported by 

observations that, as a result of the small tank and great 

number of fish which rose to the surface, little space re

mained available at the air-water interface and thus the 

eleven fish which succumbed may have been unable to compete 

for sites of attachment. 

Discussion 

Experimentally, clingfishes in aquaria respond to 

a decrease or cessation of water movement by orienting near 

the air-water interface. Initially, with the cessation of 

water movement, they pass alternately back and forth across 

the interface, occasionally taking air into their branchial 

chambers. Although a significant number are at this time 

clearly oriented to the interface and show an aerial 
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respiratory behavior, the aerial response is sporadic and 

irregular with none of the fish remaining continuously 

exposed. With increasing stagnation fewer attempts at 

branchial aerial respiration are made and an increase in 

frequency of tail orientation to the interface is noted, 

indicating a possible use of passive cutaneous aerial 

respiration. 

It is not until after prolonged periods of stagna

tion that clingfishes show a consistently positive aerial 

behavior typified by exclusive reliance upon the more effi

cient branchial mechanism of aerial respiration. 

Although the initial stimulus for aerial orientation 

is related to the cessation of water movement, low oxygen 

concentrations coincident with prolonged stagnation appears 

to become then the predominant stimulus for active aerial 

respiration. The exact level of oxygen concentration which 

will stimulate a voluntary aerial behavior is not known but 

in concentrations below about 2.0 ml/1 T. humeralis is not 

able to compensate by hyperventilation, since by this point 

oxygen consumption rates have been drastically lowered and 

ventilation begins to decrease. This species therefore, 

appears no more tolerant of low oxygen levels than many 

non-air-breathers. Earlier experiments demonstrating 

initiation of aerial respiration only at very low oxygen 

levels (0.642 ml/1) may be explained by a considerable water 
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movement in the experimental vessel caused by the bubbling 

nitrogen, therefore inhibiting aerial behavior. 

Preliminary investigation shows high concentrations 

of carbon dioxide to be negligible as a stimulus for aerial 

respiration and under such conditions clingfishes exhibited 

a depressed ventilation rate and behavioral inactivity. 

Other factors are evident however, which are related 

to the initiation of an aerial behavior. In the presence of 

potential predators in the aquaria, clingfishes have been 

observed to associate more with the air-water interface, oc

casionally moving completely out of the water. Also, when 

clingfish are placed in a small volume of well-oxygenated 

water in an inclined container they will soon respond by 

"crawling" onto the dry surface by anterior-posterior con

tractions of their adhesive disc and posterior body. 

In the intertidal habitat many clingfishes occur in 

microhabitats which become sufficiently drained of water so 

that they are rather abruptly exposed to air and thus 

stimulated to respire aerially. Other clingfishes occur in 

small pools but their density per unit substrate area is 

less than that for the exposed boulder microhabitat. For 

both situations the cessation of water movement signals the 

onset of a tidal emersion period. 

It is unlikely that most of the pools found occupied 

by clingfishes experience low oxygen concentrations suffi

cient to stimulate a high frequency of aerial respiration. 
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However, many smaller residual pockets of water remaining 

after the receding tide would be expected to experience oxy

gen depletion to levels critical for clingfish, especially 

in the presence of high temperatures or respiring organisms. 

The aerial orientation response seen in the labora

tory upon cessation of water movement would seem to repre

sent survival value for intertidal clingfishes which had 

associated with unsuitable microhabitats containing small 

volumes of water. The initial aerial orientation behavior 

might indicate a preliminary behavior which is anticipatory 

for impending lowered oxygen concentrations. 

Clingfishes are definitely capable of leaving the 

water completely and moving over moist surfaces. Since 

T. humeralis is an efficient air-breather which can success

fully maintain its metabolic rate when out of the water, it 

is not necessary for it to respond to low oxygen or other 

adverse conditions by seeking new sources of water. Its 

behavioral and physiological respiratory adaptations are 

important in enabling extensive use of the most exposed in

tertidal microhabitats available to fishes. 



CHAPTER 7 

ADAPTATIONS TO DESICCATION 

Since many of the microhabitats utilized by cling-

fishes occur where moisture conditions are limited, some

times severely, it may be assumed, a priori, that these 

fishes have evolved one or more mechanisms to enhance survi

val during conditions of desiccation. In this chapter dif

ferent measures of the effect of desiccation are employed to 

determine tolerances of clingfishes to exposure and to as

sess the importance of different adaptive mechanisms rela

tive to desiccation problems. 

In addition to experimentation with the four north

ern Gulf of California species, some studies also included 

the goby Gobiosoma chiquita for comparative purposes. This 

species is found in residual rocky intertidal pools at 

levels higher than any non-clingfish species and occasion

ally has been found in the lower zones under rocks with a 

minimum of residual water. 

A few comprehensive papers are available concerning 

desiccation effects on intertidal animals but these all deal 

with invertebrate or algal groups (Broekhuysen, 1940; 

Davies, 1969 and Newell, 1970). Little information is 

available for fishes but recent reference is made by Gibson 
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(1969) to studies including desiccation aspects with Old 

World blennidae, and Gordon, et al. (1969) has conducted 

preliminary experiments on survival of the gobiid, 

Periophthalmus sobrinus to exposure. 

Methods and Materials 

Survival to exposure in a moisture-saturated 

environment (90% R.H.) was determined by suspending plastic 

containers, housing individual clingfishes, at the surface 

of a partially covered circulating aquarium. Ambient 

temperature was constant at 23 i 1°C and death times were 

recorded when animals would no longer renew air bubbles in 

their branchial chambers or respond to stimulation of the 

opercula. 

Other tests utilized sealed plastic boxes in which 

a single fish was placed on a grid suspended over silica 

gel desiccant. Death time was taken when air bubble re

newal ceased and when the heart beat was no longer visible. 

The fish were blotted gently before desiccation and weighed. 

After death, they were weighed again and dried at 110°C 

until a constant weight was achieved. 

Clingfish integument was examined after the tissues 

had been fixed in Bouin's solution, sectioned at 10 microns 

and stained with Harris Haematoxyln and Eosin, Toluidine 

Blue and Periodic Acid Shiff Reagent (PAS). 
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Survival Limits in a Humid Environment 

Results of survival tests under humid conditions are 

presented in Figure 37 and Table 11. All the clingfish 

species show ability to withstand extended periods of ex

posure with Pherallodiscus funebris tolerating periods up 

to five and one-half days (135 hrs). Mean survival time for 

P. funebris is 93 hours, T. humeralis 33 hours, G. pinniger 

24 hours, T. boehlkei 19 hours and for the goby, G. chiquita 

11 hours. Clearly, these survival times for clingfishes are 

extensive. Survival times for the recently reported, marine 

air-breathing mudskipper, Periophthalmus sobrinus, show a 

range of 30-37 hours for 12 fish in a near-saturated 

atmosphere (Gordon, et al. , 1969). 

Although the size ranges of the experimental animals 

were approximately equivalent, the mean values for each 

species sample varied (Table 11). This is thought to be 

responsible for some of the variability seen, for as will 

be shown below, survival to desiccation is positively corre

lated with size, especially weight, in all species. How

ever, T. humeralis, with the lowest mean size represented, 

was clearly not the least resistant, while G. pinniger, with 

a larger mean size was not especially resistant, and in 

fact, differed little from the least resistant T. boehlkei. 

£.• funebris however, was represented by the largest mean 

size and did also show the longest survival time. 



Figure 37. Survival Time to Exposure in Air 

(90% R.H.) . 

Length of vertical line indicates range 
of variation, long horizontal cross bar 
indicates the mean and the vertical 
rectangle indicates the 95% confidence 
interval. Results are for the four cling-
fish species and one species of goby. 
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PF • P HE RA LLODISCUS FUNEBRtS 
TH TOMICODON HUMERALIS 
GP GOBIESOX PINNIGER 
TB TOMICODON BOEHLKEI 
GC GOBIOSOMA CHIQUITA 

Figure 37, survival Time to Exposure in Air. 
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Table 11. Survival Limits at 90% Relative Humidity 

Item PF TH GP TB GCa 

Range survival 
time (hrs) 35-135 16-55 10-29 10-31 9-13 

Mean survival 
time (hrs) 93 33 24 19 11 

Number 8 10 11 15 5 

Size range 
std. len.(mm) 28-62 17-55 21-63 28-55 32-43 

Mean size 
std. len.(mm) 46. 8 30.7 43.9 37.3 35.2 

aSymbols as in Table 1. 
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These experiments were designed to approximate 

relative humidity conditions in the clingfish habitat 

(70-100% R.H.) using clingfishes of a size range which is 

commonly available. It is assumed that these results re

flect the exposure effects not only of desiccation but also 

those involving respiratory and osmotic stress. 

Size Influence on Survival to Desiccation 

Survival limits were determined in a dry (5% R.H.) 

environment in order to more accurately assess the direct 

effects of desiccation. 

Figure 38 represents regressions and correlations of 

survival time on individual weight for each clingfish 

species. Sample size for each species is as shown in 

Figure 39. Correlation coefficients are high with a proba

bility at the .01 level for G. pinniger and at the .001 

level for the other three species. The regression slopes 

all indicate a direct relationship of increasing weight with 

increasing survival times. The slope for T. humeralis is 

significantly different from that of G. pinniger (p = .05) 

and from P. funebris and T. boehlkei (both at the p = .001 

level). The slopes for the other three species are not 

significantly different (p = .05 level) between each other. 

With the exception of T. humeralis, results show a 

species pattern of desiccation tolerance similar to tests 

carried out at 90% R.H. P. funebris is more tolerant than 
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G. pinniger or T. boehlkei throughout all comparable weight 

ranges and especially in small individuals. Small individu

als of T. humeralis show a tolerance similar to that of T. 

boehlkei and G. pinniger but less than that for P. funebris. 

However, with increasing weight, T. humeralis shows a pro

gressively increasing tolerance greater than that for other 

species which even surpasses the tolerance of P. funebris 

in specimens larger than about 1.6 grams. Thus, tolerance 

to desiccation, in terms of survival time, increases most 

rapidly with size in T. humeralis and least rapidly in 

!£.• boehlkei. Also, the tolerance differential between 

G. pinniger and P. funebris increases with progressive size 

increase but between T. humeralis and T. boehlkei it 

decreases. 

Vital Limits of Dehydration 

The amount of dehydration that a species may 

tolerate through evaporation is one measure of its 

adaptiveness for resisting desiccation. This would seem 

true regardless of the particular mechanisms involved in 

resisting desiccation. 

The percent water and body weight loss experienced 

at death was determined for the four clingfish species and 

the goby Gobiosoma chiquita after desiccation at low 

humidity (5% R.H.). Results are indicated in Figure 39 

and Table 12. 



Figure 39. Vital Limits of Dehydration Expressed as 

Percent Water Loss and Percent Body Weight 

Loss at Death. 

Extent of vertical line indicates range of 
variation; long horizontal cross bars indi
cate the mean; vertical rectangle and ver
tical solid rectangle represent the 95 and 
99% confidence intervals respectively. 

Upper series = % water of total body weight 
Middle series = % water loss at death 
Lower series = % body weight loss at death 
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Table 12. Vital Limits of Water Loss 

Item P.F. T.H. G.P. T.B. G.C.a 

Range % water 
loss 

51.5-
69.2 

51.8-
64.3 

48.5-
58.1 

43.1-
56.7 

29.2-
40.1 

Mean % water 
loss 59.6 58.8 53.4 49.8 32.4 

Number 12 14 9 15 7 

Size range 
std.len.(mm) 29-70 23-48 31-64 29-56 32-50 

Mean size 
std.len.(mm) 46.6 36.6 45.3 37.4 39.3 

£ Symbols as in Table 1. 
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The total amount of body water present in each 

species prior to desiccation is significantly higher 

(p = .001 level) in G. pinniger but is similar in all 

others including the goby. 

A graded series of water loss tolerance among 

species is seen with P. funebris being the most tolerant and 

G. chiquita being the least tolerant. All clingfish species 

have mean values for percent- water loss and percent body 

weight loss statistically different (p = .001) from the goby 

G. chiquita but differences are not significant between 

P. funebris and T. humeralis nor between G. pinniger and 

T. boehlkei. Correlation analysis for percent water loss 

and body weight show significant coefficients (p = .05) for 

P. funebris but not for the other species. 

The water loss capacity in all clingfish species is 

large and that of P. funebris (59.6%), T. humeralis (58.8%) 

and G. pinniger (53.4%) are in fact larger than most of the 

more than thirty species of amphibians which have been 

studied; only the most terrestrial toads of the genus 

Scaphiopus are capable of losing a greater percentage of 

their water than P. funebris or T. humeralis (Thorson and 

Svihla, 1943; Thorson, 1955; Ray, 1958; and Schmid, 1965). 

Rate of Dehydration 

When the amount of water lost prior to death is 

expressed per unit time for each species, a pattern of 
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differing rates is seen with P. funebris having the slowest 

rate while the goby Gobiosoma chiquita has the highest rate 

(Fig. 40). This pattern generally corresponds to the faster 

evaporative rates occurring in the larger species which is 

what would be expected since they have a smaller body mass 

per unit surface area. 

Correlation coefficients (r) of the relationship of 

rate and body weight within each species are all significant 

(p = .01) with the intensity of relationship being greatest 

for P. funebris and least for T. humeralis. The regression 

of evaporation rate on body weight for each species shows an 

inverse relationship of decreasing rate with increasing body 

weight. The evaporation rate however, is no doubt, actually 

dependent upon surface area which is a negative exponential 

function of body weight. Thus the smaller individuals of 

all species show a greater evaporation rate than do the 

larger individuals. Considering only evaporation rate as a 

parameter of desiccation, the larger clingfish species 

(P. funebris and G. pinniger) would tend to have a definite 

survival advantage. 

Integumentary Characteristics 

The morphology of clingfish skin appears to be 

unique among fishes. Instead of possessing a typically 

stratified multicellular epidermis containing numerous small 

mucous cells (Fig. 41) the three species of clingfishes 
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examined, T. humeralis, P. funebris and G. pinniger, all 

have an epidermis composed primarily of a single layer of 

very large mucous cells (Figs. 42, 43). These large PAS 

positive mucous cells, when mature, average 40 x 50 microns 

in T. humeralis, 45 x 55 microns in P. funebris and 35 x 75 

microns in G. pinniger. 

Overlying the mucous cells is an outer epidermis 

composed of a narrow supportive layer of small cells which 

is thickened on its outer edge giving a cornified appear

ance. This layer is best developed in P. funebris but is so 

compressed in T. humeralis as to appear syncytial. 

The dermis in all species is formed of a compact 

connective tissue which is unusually narrow, averaging 30 

microns in P. funebris, 22 microns in G. pinniger and 23 

microns in T. humeralis. Blood vessels are not uncommonly 

found immediately adjacent to the compact dermis of 

T. humeralis (Fig. 44) and their possible role in cutaneous 

respiration has been mentioned in the preceding chapter. 

The entire skin is thickest in P. funebris and G. pinniger 

but while the mucous cells are largest in G. pinniger, the 

outer epidermal layer is thickest in P. funebris. 

It would appear that-the peculiar structure of 

clingfish integument might serve in reducing water loss from 

the skin and thus enhance survival from desiccation effects. 

The thickened nature of the outer epidermis would seem 

limiting to water permeability. Also, the presence of 
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Figure 41 . Sagita1 Skin Secti on of Gymnothorax mori nga . 

Figure 42 . Sa,gita,l Skin Secti on of; P , :f;unebr i,s . 



Figure 43. Sagital Skin Section of T. humeralis. 

A thin epidermis and dermis is shown with 
large mucous glands and a compact outer 
epidermal layer. Mucous glands give an 
alpha metachromatic reaction with Toluidine 
Blue. 450 X 

Figure 44. Sagital Skin Section of T. humeralis Showing 

Well-developed Dermal Capillaries. 

Erythrocytes are seen at base of the com
pact dermis and show a beta metachromasia 
with Toluidine Blue. 45OX 

I 
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Figure 43. Mucous Glands of T. humeralis . 

Figure 44 . Capillaries of T . humeralis. 
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large, but few, mucous glands might allow for the secretion 

of a copious mucus while presenting a minimum of cell sur

face area for evaporation. 

Scaled fishes generally possess fewer mucous cells 

in the epidermis than either non-scaled fishes or amphibians 

(Van Oosten, 1957) and in the Amphibia the mucous cells are 

numerous and never reach a large size (Noble, 1931). Also, 

in some amphibians the mucous glands do not lie at the 

surface but are displaced below an epidermal covering as in 

clingfishes. 

It is now thought (Thorson, 1955 and Bentley,1966) 

that the rate of water loss from amphibian skin is not well 

correlated with either the roughness of the skin or the 

terrestriality of the species; the maximal rate differen

tials between species is apparently 25%. This relative 

permeability of the amphibian skin is apparently also 

evidenced by the rapid uptake of water by the skin following 

dehydration (Bentley, 1966). Since amphibians are not known 

to drink water, rapid rehydration by the skin coupled with 

the ability to initially lose a large volume of body water 

are major adaptations of this group to survive desiccation. 

The degree of terrestrialism•shown by various amphibian 

species is significantly correlated with capacity for dehy

dration but not rate of hydration. 

Also, the importance of cutaneous respiration either 

for primary or secondary respiration in Amphibia has 
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necessitated the development in the various species, of 

either a thin epidermis or an epidermis infiltrated by blood 

capillaries (Noble, 1931); either of these conditions would 

result in increased skin permeability. 

It is unlikely that the skin of clingfishes func

tions as a primary mechanism for the uptake of water as in 

Amphibia and they no doubt are capable of hydration by 

drinking water. Although dermal vascularization is sig

nificantly developed in T. humeralis it does not infiltrate 

the epidermis and is not evident in the other clingfish 

species studied. The clingfish skin then, at least in 

P. funebris and G. pinniger, appears free of certain func

tions characteristic of amphibian skin, and the development 

of an outer, thickened epidermis may thus function to reduce 

evaporation. This function for the skin of T. humeralis is 

basically contrary to a cutaneous respiratory role, however 

limited. It is possible nevertheless, as behavioral obser

vations suggest (Chapter 6), that cutaneous respiration is 

utilized primarily when the animal is associated with water 

and therefore may function as an accessory mechanism to 

aquatic respiration in response to moderately low oxygen 

tensions. This supposed respiratory advantage would be 

obviated by a water balance disadvantage during exposure 

unless mucus secretion or capillary constriction restricted 

evaporation. 
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Besides the possible role the skin plays in water 

retention, the copious mucus secretion as well as the 

thickened outer epidermis of clingfishes would be of advan

tage in alleviating the effects of abrasion in the habitat. 

This may in fact, prove to be the major function of the 

thickened outer epidermis which is interestingly most exten

sive, although less compact, in P. funebris and G. pinniger, 

two species which prefer the cobble or pebble microhabitats. 

Behavioral Characteristics 

In experimental situations, clingfishes will 

generally respond to desiccation by orienting to the sides 

and corners of an enclosure, which results in the reduction 

of the skin area exposed. Thus oriented, they usually bring 

the tail far forward along the side of the body on the ex

posed side. A copious mucus is secreted and the clingfishes 

exhibit a minimum of movement or behavioral signs of stress 

even after long periods of exposure. 

If several clingfishes are introduced into the 

enclosure together they will soon associate together re

sulting in the reduction of the total surface area exposed 

while maintaining maximal conditions of moisture from the 

combined mucus secretions. 

Observations in the clingfish habitat reveal that 

clingfishes tend to form aggregations and during exposure, 

several individuals may be found under one rock or within a 
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small area of cobbles or pebbles. This observation seems 

especially true for juveniles, for as many as 40 individuals 

have been found under one boulder. A sampling of 301 cling

fishes found under 94 boulders showed that 37% of the 

boulders contained solitary clingfishes and that this repre

sented only 12% of the sample population, the remainder in 

this sample occurred with one to ten other individual 

clingfishes. 

Discussion 

All of the clingfishes studied appear well-adapted 

for tolerating extended periods of exposure. Much of this 

success is due to their ability to overcome the effects of 

desiccation. Certain adaptive mechanisms have parallels 

among the Amphibia but others are notably dissimilar. Also, 

distinct interspecific differences occur among clingfishes 

in terms of tolerance to parameters of desiccation as well 

as in their adaptations for this tolerance. 

A pattern of species resistance to exposure is 

evident with P. funebris, T. humeralis, G. pinniger, 

T. boehlkei and the goby G. chiquita forming a series of 

decreasing tolerance. This same interspecific pattern is 

seen with regards to percent water loss or body weight loss 

tolerances. The pattern for increasing rate of water loss 

is also similar with the notable exception of G. pinniger 

which shows a lower mean rate than T. humeralis. 
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Resistance time to exposure is highly correlated 

with weight within each species indicating survival advan

tage for larger individuals. This would suggest that the 

larger clingfish species, P. funebris and G. pinniger would 

generally also have a survival advantage over the smaller 

species of Tomicodon. This is true of T. boehlkei but not 

T. humeralis which exhibits greater resistance to exposure 

on a comparable weight basis over most of its weight range 

than does G. pinniger and a greater resistance than 

P. funebris in adult individuals over about 1.6 g. 

It would be expected that the two smaller species of 

Tomicodon, with their greater surface area per unit mass 

compared to the larger P. funebris and G. pinniger, would 

have greater evaporation rates. The data does indicate this 

relationship but corresponding correlations with total water 

loss tolerance are in evidence only for P. funebris. 

Only in P. funebris is body weight significantly 

correlated with percent water loss capacity and is percent 

water loss correlated significantly with survival time. It 

appears that the low evaporation rate of this species is an 

important mechanism for its ability to survive remarkably 

long periods of exposure. The thickened outer epidermal 

layer of the integument in this species supports this con

tention. While it is also seen that the vital limits of 

dehydration are greatest for P. funebris and that this 

tolerance in itself is a major adaptive mechanism, the 
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percent water lo^s differences are not statistically 

different (p = .01) from T. humeralis. 

Accordingly then, except for P. funebris, water loss 

tolerance, as well as evaporation rate, are not sufficient 

criteria to entirely explain or predict resistance to ex

posure in the other species. These other species have all 

evolved the means to survive considerable desiccation; it 

appears some other factor or factors are important in con

trolling the maximum survival time to exposure within the 

confines of the experimental conditions. These other 

factors are, most likely, size dependent and may be related 

to problems of respiration, excretion or osmoregulation. 

The above results point to a definite species rela

tionship between ability to survive exposure or dehydration 

and degree of terrestrialism exhibited in the habitat. 

T. boehlkei with the lowest vital capacity of dehydration, 

highest evaporation rate and shortest survival times to 

exposure is the most aquatic clingfish species, occurring 

with least frequency in the intertidal zone and there, being 

limited to the lowest zones. P. funebris and T. humeralis 

are the most terrestrial species occurring most frequently 

in the higher, less moist intertidal elevations. P. 

funebris shows the greatest tolerance to exposure, the 

lowest evaporation rate and a high tolerance to dehydration. 

T. humeralis exhibits a tolerance to dehydration equal to 

that of P. funebris but a resistance to exposure and an 
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evaporation rate significantly lower. G. pinniger, while 

exhibiting a relatively low evaporation rate, shows a 

tolerance to dehydration and to exposure which is inter

mediate between T. boehlkei and T. humeralis. Likewise, the 

frequency of occurrence of G. pinniger is greatest in inter-

tidal zones experiencing intermediate conditions of exposure 

and moisture. Lastly, the goby Gobiosoma chiquita, while 

showing surprising resistance to exposure and dehydration, 

is significantly less tolerant than the least resistant 

clingfish, T. boehlkei. This species pattern of exposure 

and desiccation resistance likewise is well-correlated with 

calculated exposure-duration values for Puerto Penasco where 

it is seen that T. humeralis, in its upper range, is exposed 

41% of the time, G. pinniger 37% and G. chiquita 30%. 

The experimental evidence indicates that all cling

fish species are able to tolerate extensive desiccation and 

can survive periods of exposure well in excess of that 

normally experienced in their habitat. Mean survival times 

of 93 hours for P. funebris, 33 hours for T. humeralis, 24 

hours for G. pinniger and 19 hours for T. boehlkei are all 

greater than intertidal exposure times (4-10 hours) calcu

lated for Puerto Penasco at the highest vertical level 

observed for clingfish. It would be expected however, that 

resident populations of clingfishes would be established at 

vertical levels commensurate with exposure periods affording 

minimal stress and thus a more meaningful ecological value 
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of tolerance might be that of minimal survival times which 

are representative of the juveniles of each species. On 

this basis, T. bo'ehlkei and G. pinniger show a survival time 

of 10 hours each, T. humeralis 16 hours and P. funebris 35 

hours (Table 11). 

Prolonged exposure periods which occur at certain 

intertidal levels due to specific tidal factors may be im

portant in controlling the vertical distribution of cling-

fishes (see Chapter 4) . At Puerto Pefiasco the level of the 

LLHW (lowest lower high water) which represents the boundary 

between submersion on every tide twice daily and submersion 

on only one tide daily occurs at significantly low levels 

(6.0 ft) especially in the spring so as to be potentially 

limiting to the establishment of resident populations above 

that level. Thus while T. humeralis occurs at the 5.6 ft 

level where they must experience exposures up to 10 hours, 

they do not occur at the 6.0 level where they would be re

quired to tolerate an exposure of up to 15 hours. Likewise, 

G. pinniger, with a minimal resistance time of 10 hours, has 

its maximum vertical range at the 4.3-5.1 ft level and is 

not found at the 5.6 ft level which corresponds to a criti

cal exposure of 9-10 hours duration. P. funebris however, 

would not be expected to be limited by the same critical 

tidal levels and would have the physiological potential to 

penetrate to the 7.8 ft level where another critical level 
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occurs corresponding to an exposure time of 38 hours 

(Table 5). 

In the intertidal habitat, clingfishes are subjected 

to repeated periods of exposure interrupted by shorter or 

longer periods of submersion depending upon their vertical 

position. It is during the submersion periods that cling-

fish must replace the water lost during the preceding ex

posure period as well as carry on their normal feeding and 

physiological activities. Thus, while survival times seem 

long, it is not known to what extent the clingfishes could 

tolerate repeated experimental exposures or what minimal 

period of submersion would be necessary for complete hydra

tion. Also, the laboratory determinations of survival to 

exposure were performed under moderate conditions and thus 

do not reflect survival values for clingfishes exposed to 

adverse environmental conditions such as would occur in the 

winter or summer. 

The ability of all clingfishes, even the most 

aquatic species, to tolerate considerable desiccation and 

exposure suggests pre-adaptation for intertidal utilization. 

The ability to survive increasingly greater periods of 

exposure, either through sustaining greater dehydration or 

maintaining lower rates of dehydration, is undoubtedly of 

great advantage for living in the intertidal zone. 

The interspecific differences noted in physiological 

tolerance levels suggests potential limitations for species 
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use of specific microhabitats and may reflect differences in 

the ability to meet the compromise of hydration and dehydra

tion necessary for intertidal success. 



CHAPTER 8 

THERMAL ADAPTATIONS 

The extent to which fishes are able to tolerate or 

resist high and low temperature extremes is an important 

measure of their thermal adaptability and is largely a 

function of acclimation and resistance capacity in accord

ance with genetic determinents. This chapter examines 

temperature as a lethal factor in determining the compara

tive physiological tolerances of northern Gulf clingfishes. 

From these data, and those of Chapter 4, ecological implica

tions are made relative to the role temperature plays in 

controlling clingfish distribution and habitat selectivity. 

Clearly, the thermal requirements of fishes based on 

the lethal measurement of temperature will be considerably 

different when survival is measured by such parameters as: 

feeding activity, metabolic rate, spawning ability, growth, 

or predator avoidance. A multiplicity of temperature-depen

dent factors ultimately defines the physiological as well as 

the ecological thermal requirements of a particular species. 

The present study considers temperature as a direct lethal 

factor on adult clingfishes and, in this sense, yields data 

describing maximal tolerance levels. 

150 
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Temperature considered as a lethal factor for 

fishes, especially fresh water species, has been the subject 

of much research (for reviews see Brett, 1956, 1960, 1970; 

Fry, 1964, 1967). The work of Fry, Brett and Clawson (1942) 

and Brett (1952) is especially noteworthy for they have de

veloped techniques of assessing thermal tolerance in terms 

of the organisms' capacity for acclimation and resistance. 

The duration of resistance to a particular temperature over 

a range of acclimation temperatures is an important con

sideration and death from temperature may then be thought of 

as the result of both temperature level and exposure time. 

These techniques, which have been utilized in much of the 

experimental work reported in this chapter, are important 

not only for detecting interspecific physiological dif

ferences in thermal requirements but also for predicting 

the influence of environmental temperatures upon species 

success. 

Methods and Materials 

Acclimation Procedures 

All fishes were collected by hand in the northern 

Gulf from March-June 1967 with the exception of some speci

mens of Tomicodon humeralis which were collected in No

vember 1966. After collection, specimens were held in the 

laboratory in sea water from the Gulf of California 
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(salinity 36-37%) for 1-2 days at 23°C before being placed 

in acclimation tanks. 

Fishes were acclimated in covered 10 or 20 gallon 

aquaria equipped with an aerating circulation filter to 

which a supplemental air supply was attached. Temperatures 

were controlled to within 0.1°C by use of a mercury-contact 

thermoregulator with an electronic relay coupled to immer

sion heaters. Temperatures were monitored with a calibrated 

YSI Thermistor. 

Acclimation was carried out for 23, 28 and 32°C and 

in some cases, 34°C for a minimum of six days at each tem

perature. It is well established that fishes acclimate to 

elevated temperatures rapidly, within a few days or even 

hours, but considerably more slowly to decreases in tempera

ture (Brett, 1956). Clingfishes were therefore acclimated 

at higher temperatures than those which occurred in their 

habitat at the time of collection. During the acclimation 

period the fishes were maintained on a diet of commercial 

trout food, chopped shrimp or brine shrimp. 

Testing Procedures 

Tests were conducted using sea water from the habi

tat in covered 5-gallon aquaria equipped with an aerating 

circulation filter and a supplemental aeration source. 

Seven or more fishes were first suspended within the accli

mation tank by a net and then placed immediately into the 

test tank together. 
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For high temperature studies the test temperatures 

were maintained with 100 watt immersion heaters and con

trolled with thermoregulators to within 0.1°C as described 

above. Test temperatures for cold studies utilized a com

mercial refrigeration and heating unit which also controlled 

the temperature to within 0.1°C. 

For high temperature tolerance the time to loss of 

balance and death time (last opercular beat) was recorded 

for each fish whereupon fish were generally placed in cooler 

sea water as a check on survival. Since loss of balance was 

often difficult to detect and showed considerable varia

bility, this response was not further analyzed. In cold 

temperature studies clingfish showed no involuntary loss 

of balance and loss of righting ability bore no apparent 

relationship with death time. Because of an inactive, 

coma-like response by the clingfish to cold temperatures it 

was necessary to stimulate the opercular region slightly in 

order to detect when the last opercular beat occurred; even 

then, fishes presumed dead would often recover completely 

after being placed in warmer water. Because of the diffi

culty in determining the death point, many additional fishes 

were used and almost complete reliance was made upon revival 

tests to determine survival time. 

The test temperatures utilized in these experiments 

for each acclimation level were, 38, 36, 34, 32 and 30°C for 

high temperature tolerances, and 8, 10 and 12°C for low 
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temperature tolerances. Numerous preliminary experiments 

were conducted and only the best controlled studies showing 

the least variability are reported. 

Time-Mortality Relationship 

If a group of fishes from a particular acclimation 

level are exposed to a lethal temperature bath, individuals 

will exhibit a variable frequency of resistance to lethal 

effects. The relationship between death time and percent 

mortality describes an asymmetrical sigmoid curve with the 

interval between successive deaths increasing with time. 

Since the aim of such temperature tolerance tests is to 

establish the capacity of resistance to a series of lethal 

temperatures correspondent with differing acclimation 

levels, a measurement of resistance is used such as the time 

necessary for 50% of the experimental population to succumb 

to the test temperature. 

Following the procedures of Brett (1952), the sigmoid 

death time-mortality curve may be rectified into a straight 

line relationship by expressing mortality (n-1) in terms of 

probability units (probits) and resistance times as 

logarithms of time. The resistance time corresponding to a 

mortality of probit 5.0 becomes a precise estimate of the 

time to 50% mortality of a sample and is statistically simi

lar to the median resistance time (Brett, 1952; Shephard, 

1955). Median resistance times are thus determined for each 
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clingfish species from different acclimation temperatures at 

each test temperature. One example of this time-mortality 

relationship over a series of test temperatures based on one 

particular acclimation level (28°C) is represented in 

Figure 45 for Tomicodon humeralis. 

Lethal Temperature Levels 

For any acclimation level the median resistance time 

increases with decreasing test temperatures and the test 

temperature which just causes 50% mortality indicates the 

point at which animals stop resisting and begin tolerating 

the effects of the temperature. Thus, although there are 

several median resistance times for a particular acclimation 

temperature, there is only one lethal temperature (incipient 

lethal temperature). This incipient lethal temperature de

fines the boundary between resistance to lethal effects and 

continued toleration. 

The relationship between resistance time and upper 

incipient lethal temperature coincident with different 

acclimation levels is presented for each clingfish species 

in Figures 46-49. With increase in acclimation, the upper 

incipient lethal temperature increases by a factor charac

teristic for each species. Each regression line terminates 

at a point where increased exposure causes no more death 

and, when further acclimation yields no increase in upper 

incipient lethal temperature, the ultimate upper lethal 



Figure 45. Time-Mortality Relationship for a Series of Lethal Temperatures. 

Mortality is expressed as probits and resistance as logarithms 
of time. This example is from T. humeralis. 
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Figure 45. Time-Mortality Relationship for a Series of Lethal 
Temperatures, 



Figure 46. Median Resistance Times to High 

Temperatures for T. humeralis. 

Based on fish acclimated to 23°C 
(squares), 28°C (circles) and 32°C 
(triangles). 

Figure 47. Median Resistance Times to High 

Temperatures for T. boehlkei. 

Based on fish acclimated to 23°C 
(squares) and 28°C (circles). 
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M E D I A N  R E S I S T A N C E  T I M E  I N  M I N U T E S  

Figure 46. Median Resistance Times to High Tem
peratures for T. humeralis. 

2 « 
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Figure 47, Median Resistance Times to High Tem
peratures for T, boehlkei. 



Figure 48. Median Resistance Times to High 

Temperatures for G. pinniger. 

Based on fish acclimated to 23°C 
(squares) and 28°C (circles). 

Figure 49. Median Resistance Times to High 

Temperatures for P. funebris. 

Based on fish acclimated to 23°C 
(squares) and 28°C (circles). 
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Figure 48. Resistance Times for G. pinniger. 
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Figure 49. Resistance Times for P. funebrls. 
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temperature has been reached. This ultimate upper lethal 

temperature defines the threshold of intolerance and accli

mation capacity for an indefinite exposure and is a species 

specific characteristic. 

Attempts to integrate lower incipient lethal tem

peratures and median resistance times as a semi-logarithmic 

relationship similar to that for high temperature tolerance 

data proved unsuccessful. This has also been found to be 

true for other fishes and Brett (1952) has suggested that a 

more complex cause of death due to cold is responsible, thus 

resulting in a greater variability in resistance times. 

High Temperature Tolerances 

Table 13 and Figures 46-49 indicate the relationship 

of lethal temperatures and median resistance times for each 

clingfish species at different acclimation levels. Where 

the regression lines approach a zero slope, the incipient 

upper lethal temperatures are indicated and can be seen to 

occur earlier at lower acclimation levels. Table 14 shows 

the maximum lethal temperature which will be tolerated by 

each species for a particular duration and indicates the 

ultimate upper lethal maxima. Results of 32°C acclimated 

Gobiesox pinniger and Tomicodon boehlkei are not included in 

Table 14 because 32°C is beyond their ultimate lethal 

tolerance level. 
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Table 13. Median Resistance Times (mins) to High 

Temperatures3 

Species Acclimation 
Test Temperatures (° C) 

Temp. (°C) 
36 35 34 32 

Tomicodon 
humeralis 23 220 920 3900 isb 

28 800 2250 6250 IS 

32 1080 3100 8800 IS 

Pherallodiscus 
funebris 23 220 (550) (1300) IS 

28 565 (1370) 3250 IS 

Gobiesox 
pinniger 23 76 240 760 7080 

28 95 275 950 8130 

Tomicodon 
boehlkei 23 175 410 990 5550 

28 240 560 1250 6570 

aBased on seven or more specimens for each value 
unless indicated by parentheses. 

Indefinite survival—experiment terminated after 
10,000 minutes. 
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Table 14. Upper Lethal Thermal Maxima 

Duration Accl. Temp. T. P. G. T. 
(hrs) (°C) humeralis funebris pinniger boehlkei 

6 23 35.7 35.4 34.6 35.2 
28 36. 8 36.5 34.8 35.5 
32 37.1 *"• 

12 23 35.2 34.6 34.0 34.4 
28 36.1 35.7 34.2 34.7 
32 36.4 — 

24 23 34.7 33.9 33.4 33.6 
28 35.4 34.9 33.6 33.8 
32 35.7 

48 23 34.2 33.1 32. 8 32. 8 
28 34. 8 34.2 33.0 33.0 
32 35.1 

72 23 33.9 32.6 32.5 32.3 
28 34.4 33.7 32.6 32.5 
32 34.7 

96 23 33.7 32.4 32.2 32.0 
28 34.1 33.4 32.4 32.2 
32 34.4 

120 23 33.6+a 32.1+ 32.1+ 31.7+ 
28 33.9 33.1 32.2 31.9 
32 34.2 

144 23 33.6 32.1 32.1 31.7 
28 33.8+ 32.9+ 32.1+U 31.7+U 
32 34.0 vr 33.?CU 

a+ = incipient upper lethal maxima, 
i. 

U = ultimate upper lethal maxima. 

cEstimation based on preliminary data and graphical 
interpolation. 
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For 23 and 28°C acclimated fish the upper incipient 

lethal temperature can be detected after an exposure of 120 

and 144 hrs respectively. In the case of Tomicodon boehlkej. 

and Gobiesox pinniger the gain of resistance through in

creased acclimation from 23 to 28°C is small, while for T. 

humeralis and Pherallodiscus funebris it is significantly 

greater. It is expected that as acclimation temperatures 

approach the ultimate upper lethal maxima for a particular 

species the gain in resistance is less. 

The ultimate upper maxima for T. boehlkei (31.7°C) 

and G. pinniger (32.1°C) correspond essentially to the 

upper incipient level for 23°C acclimated fish and further 

acclimation does not raise the ultimate upper lethal 

maxima. The upper incipient maxima for 28°C acclimated 

T. humeralis is 33.8°C and further acclimation at 32°C 

results in a gain of tolerance giving an ultimate upper 

lethal maxima of 34.0°C. Further testing at 36°C of those 

T. humeralis surviving the 34°C test indicated less re

sistance than those acclimated at 32°C and tested at 36°C. 

For P. funebris, acclimated at 28°C, the upper incipient 

maximum is 32.9°C and although they can be successfully ac

climated at 32°C, data are insufficient to determine 

accurately the ultimate upper lethal maxima. The available 

data for this species indicate a tolerance slightly less 

than that for T. humeralis (34.0°C) but greater than 33.0°C. 
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A comparison of regressions of lethal temperatures 

and resistance times for all species acclimated at 28°C 

(Fig. 50) indicates that T. humeralis is the most resistant 

species over the entire range of lethal temperatures. P. 

funebris shows a lower tolerance to the low lethal tempera

tures than T. humeralis but has a similar tolerance to the 

high lethal temperatures. Also, while T. bdehlkei and G. 

pinniger both show least resistance over the entire lethal 

range of all species, T. boehlkei is more resistant than G. 

pinniger at high lethal temperatures but G. pinniger is more 

resistant at lower lethals. The greatest significance of 

interspecific differences in resistance would be expected to 

correspond with lower lethal temperatures which just causes 

a direct mortality and not to high lethal temperatures where 

animals are killed rapidly. 

Tolerance to high temperature does not appear to be 

influenced by size for any of the species. Data from 84 

specimens of T. humeralis presented according to order of 

mortality according to three size groups indicates no sig

nificant differences in resistance capacity (Table 15). 

Table 15. Size Influence on Resistance to High Temperature 
in T. humeralis 

Order of Death Size Group 

(Percentile) Small Medium Large 

10-40 18 11 12 
70-100 20 10 13 



Figure 50, Comparative Median Resistance Times to High Temperatures Among 

Four Species of Clingfishes Acclimated to 28°C. 

TH = T. humeralis (solid circles) 
TB = T. boehlkei (triangles) 
GP = G. pinniger (squares) 
PF = P. funebris (open circles) 
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Figure 50. Comparative Median Resistance Times to High Temperatures 
Among Four Species of Clingfishes Acclimated to 28°C. 
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Low Temperature Tolerances 

The relative tolerance of clingfishes to low 

temperature is shown in Figure 51 and Tables 16 and 17 for 

28°C acclimated fishes. The lower incipient lethal tempera

ture has been experimentally verified for T. humeralis only. 

The incipient lethal temperatures corresponding to 

indefinite tolerance have been derived from graphical inter

polation from mortality-resistance carves with consideration 

of additional preliminary data. 

P. funebris and T. humeralis are the most tolerant 

species, being able to resist comparable lethal low tempera

tures longer than the other species. Test exposure dura

tions of 24 hours appear sufficient to detect the lower 

incipient lethal level for clingfish acclimated at 28°C. 

T. boehlkei shows considerably less resistance over the 

lethal range than all other species and additional experi

mental data may in fact indicate a higher incipient low 

lethal temperature than suggested in Figure 51. 

The tolerance of clingfishes to cold follows an 

interspecific relationship similar to that for heat 

tolerance with the exception that P. funebris may be 

slightly more tolerant than T. humeralis. 

Aerial and Aquatic High Temperature Tolerance 

The resistance of clingfishes to lethal temperatures 

under conditions of aerial exposure was studied. 



Figure 51. Comparative Median Resistance Times to Low Temperatures Among 

Four Species of Clingfishes Acclimated to 28°C. 

Symbols are as in Fig. 50. 
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Figure 51. Comparative Median Resistance Times to Low Temperatures 
Among Four Species of Clingfishes Acclimated to 28°C. o\ 



167 

Table 16. Median Resistance Times (mins) to Low 

Temperatures3 

Species Acclimation 
Test Temperatures <°C) 

Temp. (°C) 
8 10 12 

Tomicodon 
humeralis 23 1200 

28 560 1250 4050 

32 735 

Pherallodiscus 
funebris 28 605 1320(1) 

Gobiesox 
pinniger 28 430 805 1260 

Tomicodon 
boehlkei 23 625 

28 240 490 

aBased on seven or more specimens for each value 
unless indicated. 
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Table 17. Lower Lethal Maxima for 28°C Acclimation3 

Duration 
(hrs) 

T. 
humeralis 

P. 
funebris 

G. 
pinniger 

T. 
boehlkei 

3 5.6 5.4 6.4 7.6 

6 6.8 6.5 7.6 9.0 

12 9.0 8.7 9.6 11.7 

24 12.2+b (11.8)+ 12.7+ (13.7)+ 

Based on seven or more fish. 

+ = incipient lower lethal maxima. 
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Clingfishes were placed separately in dry plastic containers 

suspended in a partially covered aquarium as in exposure 

tests described in Chapter 7. The fishes were tested in an 

air temperature of 36 and 38°C at a relative humidity of 

about 90%. 

Figure 52 indicates the regressions of lethal tem-

perature and median resistance time for T. humeralis in an 

aerial and aquatic media previously acclimated to 23°C. 

Corresponding resistance times for five temperature levels 

are indicated in Table 18. 

At 38°C, aerial clingfish show a median resistance 

time which is four times that of aquatic fishes but by 36°C 

the relationship is essentially reversed. Aquatic cling

fish show a considerably greater increase in resistance with 

decreasing temperature until the upper incipient lethal 

level is reached at 34°C. Preliminary data for the other 

three clingfish species indicates a similar relationship. 

Presumably, with shorter exposure times coincident 

with high test temperatures (38°C), evaporative cooling from 

the skin surfaces is sufficient to extend the death time and 

yield longer resistance time than for aquatic fishes. How

ever, at temperatures of 36°C and below other factors in 

addition to temperature appear to be effective in causing 

lowered resistance. 
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Figure 52. Median Resistance Times for T. humerali5 in an Aerial 

and Aquatic Medium Acclimated to 23°C. ° 
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Table 18. Aerial and Aquatic Resistance to High 

Temperatures in T. humeralisa 

Test Temperatures (°C) 
Median Resistance Time (min) 

Test Temperatures (°C) 

Aerial Aquatic 

38 46 13 

36 105 (5) 220 

34 (165) 3900 

32 (260) ISb 

23 2000 IS 

aBased on seven or more fish acclimated at 23°C 
unless indicated. 

^Indefinite survival—experiment terminated after 
10,000 minutes. 
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Evidence of a higher temperature tolerance for 

aerial clingfish during lethal exposures of short duration 

is indicated by results of additional experiments. Utiliz

ing methods commonly employed for amphibian poikilotherms 

(Hutchison, 1961), specimens (n = 3-4) of P. funebris and 

T. boehlkei acclimated to 23°C, were heated in an aquatic 

and aerial media at an approximate rate of 0.5°C/min until 

their "critical thermal maxima" (CTM) was reached, as re

corded by last opercula beat. The mean maximum temperature 

tolerated by T. boehlkei, as measured by this method, was 

39.4°C in the aquatic medium and 44.4°C in the aerial 

medium. Corresponding mean values for P. funebris were 

40.5 and 47.9°C. A considerable difference is apparent 

between the two media especially for P. funebris. 

T. boehlkei and P. funebris represent respectively, 

the smallest and largest clingfish species found in the 

northern Gulf and this size difference was represented in 

the experimental animals used. If lethal factors in addi

tion to temperature were involved in death, such as desic

cation, the greater air-water tolerance differential, as 

noted for P. funebris, would be expected. Although it is 

not known whether the internal body temperature closely ap

proximated the ambient test temperature, it can be assumed 

that in the aerial media, evaporative cooling was a primary 

factor in the elevation of the apparent high temperature 

tolerance. This was attested to by the fact that while the 
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ambient air temperature at the death point for T. boehlkei 

was 44.4°C, the skin surface temperature of one measured 

specimen was 36.3°C. 

Discussion 

The temperature tolerances of the four northern Gulf 

clingfishes, as revealed by resistance studies, indicates a 

definite species pattern of thermal adaptability. For high 

temperature tolerance a series of increasing sensitivity is 

apparent in the order: Tomicodon humeralis, Pherallodiscus 

funebris, Gobiesox pinniger and Tomicodon boehlkei. The 

latter two most sensitive species differ in their ultimate 

upper lethal maxima by 0.4°C and the former two most 

resistant species by less than 1.0°C (Table 14). The dif

ference between T. humeralis and T. boehlkei is 2.3°C. 

Changes in acclimation temperatures cause an in

crease in temperature resistance which is characteristic for 

each species. Thus, a 5°C acclimation increase (23-28°C) 

extends the lethal temperature maxima in P. funebris by 

1.0-1.1°C but only 0.1-0.2°C in G. pinniger. 

With increase in acclimation the upper lethal tem

perature is reached after increasingly longer periods of 

exposure and this point also is characteristic for each 

species (Table 13). Therefore, the median resistance time 

for 28°C acclimated P. funebris, exposed to 34°C, is 3250 

minutes but under the same conditions it is 6250 minutes for 
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T. humeralis. The relationship between resistance time and 

lethal temperature is similar for T. humeralis and G. 

pinniger (Fig. 50) but a somewhat smaller gain in resistance 

with lowered temperature is indicated for P. funebris and 

T. boehlkei. This results in P. funebris having a similar 

tolerance to very high temperatures as does T. humeralis for 

short exposure periods. Also, T. boehlkei is seen to be 

more resistant than G. pinniger to 35 and 36°C temperatures. 

For periods up to 48 hrs, for both 23 and 28°C acclimations/ 

T. boehlkei appears to be slightly more resistant to high 

temperatures than G. pinniger but on longer exposures 

G. pinniger shows a greater tolerance. 

No necessary correlation exists between ability to 

tolerate high temperature and tolerance to low temperatures 

(Brett, 1956). However, among clingfishes, the two most 

heat tolerant species, T. humeralis and P. funebris, both 

show greatest resistance to cold while G. pinniger and 

T. boehlkei are the least resistant to both high and low 

temperatures. The limited data for P. funebris indicates a 

cold tolerance only slightly greater than that for 

T. humeralis and the species pattern of resistance to cold 

is otherwise similar to that for tolerance to heat. 

The incipient low lethal level for 28°C acclimated 

fishes is detectable for T. humeralis after a 24 hr exposure 

period. The difference between the least resistant species, 

T. boehlkei, and the most resistant, P. funebris, is 
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estimated conservatively at 1.9°C.(Table 17). Low tempera

ture resistance data for 23°C acclimated T. humeralis and 

T. boehlkei shows T. humeralis to be able to resist an 8.0°C 

test temperature about twice as long as T. boehlkei. In

crease in cold resistance occurs with an acclimation de

crease from 28 to 23°C representing an increase in magnitude 

of 2.6 times for T. boehlkei and 2.2 times for T. humeralis. 

A comparison of the thermal tolerances of cling-

fishes with those of 22 species of freshwater temperate 

fishes cited by Brett (1956) shows all four clingfish spe

cies to be equally or more heat tolerant than 13 species and 

T. humeralis and P. funebris equally or more tolerant than 

18 of the 22 species reported. However, of the 22 species, 

all appear more tolerant to cold than T. boehlkei and 

G. pinniger and only one is less cold tolerant than 

T. humeralis or P. funebris. 

Examination of the thermal tolerances reported for 

marine species (Doudoroff, 1938, 1942, 1945; Morris, 1961; 

Norris, 1963; Hoff and Westman, 1966; Heath, 1967; Graham, 

1970b) reveals that clingfishes have an upper thermal 

tolerance which is comparable to temperate marine species 

and is often greater for T. humeralis and P. funebris. Cold 

tolerance differentials however are pronounced with all 

clingfish species being more sensitive than the other 

species. 
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Only one previous study, by Heath (1967), has been 

concerned with temperature tolerances of Gulf of California 

fishes. This work, unfortunately, utilized testing tech

niques designed to determine the "critical thermal maxima" 

(CTM)(see above) and therefore data are not comparable with 

this study. However, preliminary temperature resistance 

data are presented by Heath for four species of intertidal 

fishes from the Puerto Penasco region. The "goby, Gobiosoma 

chiquita, the puffer fish, Sphoeroides annulatus, the sar-

geant major, Abudefduf saxatilus (= troschelii) and the 

goby, Quietula y-cauda, acclimated at 32.0°C and tested at 

36.0°C, yielded mean resistance times of 23, 63, 65 hours 

and indefinite survival respectively, for the four species. 

These resistance times are all greater than are those for 

any of the four northern Gulf clingfish species. 

Preliminary results of heat and cold resistance for 

six species of rocky intertidal species found at station 1 

at Puerto Penasco are presented in Table 19. In comparison, 

the three gobids, Q. y-cauda, G. chiquita and G. setae all 

appear more tolerant of both high and low temperatures than 

any of the four clingfish species studied with the dif

ferences being greatest for high temperatures. The clinid, 

Paraclinus sini and the opaleye, G. simplicidens have a heat 

tolerance somewhat greater than T. boehlkei and G. pinniger 

but show a cold sensitivity greater than all clingfish 

species. Data for the blenniid, H. gentilis indicates a 



Table 19. Median Resistance Times (mins) of Non-Clingfish Species to High and Low 
Temperatures3 

Species Accl. 
Temp. (°C) 

Test Tem peratures (°C) Species Accl. 
Temp. (°C) 36 35 34 32 8 10 12 

Quietula 
y-cauda 23 

28 
32 
34 IS IS 

isb 
IS 
IS 

IS 
IS 
IS 

5080 (5) 

Gobiosoma 
chiquita 23 

28 
32 

5400 IS 
IS 

IS 
IS 

500(5) 
1315 

Gillichthyes 
seta 23 1330(1) 2910(1) 1440(5) 

Paraclinus 
sini 23 

32 4510(1) 
9180(3) 110(1) 

Girella 
simplicidens 23 

28 
32 6010(1) 

5370(2) 
IS 

90(1) 

Hypsoblennius 
gentilis 23 140(3) 

aBased on seven or more specimens for each value unless indicated. 

Indefinite survival—experiment terminated after 10,000 minutes. 
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sensitivity to high temperature which is greater than all 

other species examined. 

It appears therefore, that compared to other marine 

species from the Puerto Penasco intertidal zone, clingfishes 

are not especially tolerant of high temperatures. This 

might be expected for three of the forms which frequent the 

shallow, sandy upper esteros such as Spheroides annulatus, 

Quietula y-cauda and Gillichthyes seta. Of the remaining 

five rock-associated forms, all occur at station 1 and their 

intertidal distribution is depicted in Figure 9. Except for 

the intolerant H. gentilis, they are all more heat tolerant 

than T. boehlkei and G. pinniger and two are more heat 

tolerant than T. humeralis and P. funebris. 

However, of the six non-clingfish marine Gulf 

species examined for cold tolerance, only the predominantly 

shallow estero gobies, G. seta and Q. y-cauda are more 

tolerant than all four clingfish species. Limited data for 

the rock forms, Paraclinus sini and Girella simplicidens, 

suggest that they are more sensitive to cold than any of the 

clingfish species. For all species then, tolerance to low 

temperatures rather than high temperatures seems to be best 

correlated with intertidal distribution with the most cold 

tolerant species inhabiting the most thermally rigorous 

higher microhabitats. 

The relationship of clingfish high and low tempera

ture tolerances and habitat temperatures at station 1 from 
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Puerto Penasco are shown in Figure 53. High temperature 

tolerance is depicted for 23 and 28°C acclimated fish based 

on exposure periods of 6, 12, 24 and 144 hrs. The 24 and 

144 hr durations essentially represent indefinite tolerance 

to low and high temperatures respectively. 

Long-term sea surface data indicate an extreme upper 

maximum temperature greater than the ultimate upper lethal 

maxima of T. boehlkei and G. pinniger. Although this may 

have ecological significance, the mean high temperature 

characteristic for August, the warmest month, is probably a 

better indication of minimal conditions to which populations 

must adjust on a long-term basis. However, both the mean 

and maximum mean sea surface temperatures for August were 

1.4°C lower during the years of this study than that shown 

in Figure 53 based on USCG records for six earlier years 

suggesting that intertidal records (Fig. 53) likewise do not 

reflect maximal potential values. 

The rigorous temperature regime in actual and 

potential intertidal clingfish microhabitats then, points to 

a rather precarious situation with respect to high tempera

ture adaptation for G. pinniger and especially T. boehlkei. 

The maximum temperatures experienced regularly for four 

intertidal microhabitats, TP, RWP, BSn and RWE (see 

Chapter 5) in August, 1967 are indicated by solid hori

zontal bars in Figure 53. Higher temperatures, during 



Figure 53. Relationship of Clingfish Thermal Tolerance and Habitat Tem

peratures at Puerto Penasco. 

Lethal temperature levels are indicated for 23°C (solid circles) 
and 28°C (cross bars) acclimated fishes for four exposure 
periods. A 24 hr period and a 144 hr period represent in
definite exposure to low and high temperatures respectively. 

Habitat temperatures at station 1 for surf (SF), tide pool 
(TP), residual protected pool (RWP) and residual exposed 
pool (RWE) are indicated by maxima and minima records for 
August and February, 1967 (short solid cross bars). Extreme 
temperatures based on 1964-1967 data are also indicated 
(dashed cross bars). 

Long-term sea surface (SEA) (USCG: 1952-55, 1963-64) ex
tremes and monthly means (solid cross bars) are indicated 
for February and August as is the extreme and mean for 
January (dashed cross bars). 



_ TH PF GP T» SEA SF TP RWP ISn IWE 

After 6 hrs. After 12 hr«. After 24 kn. After 144 hn. 

L E T H A L  M I N I M A  A N D  M A X I M A  H A B I T A T  T E M P E R A T U R E  

Figure 53. Clingfish Thermal Tolerance and Habitat Temperatures. 
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1963-1967, of 31.3, 33.0, 35.0 and 35.3°C have been recorded 

respectively for these microhabitats. Also, as discussed 

previously (Chapter 5), the ascent of the tide over the in-

tertidal zone after a solar warming period of the substrate 

results in the elevation of surf (SF) temperatures. This 

effect is sufficient to cause an elevation of the RWP and 

BSn microhabitat temperatures upon submersion to 35.0 and 

37.0°C respectively. 

Because all of the above high temperatures are ex

perienced for limited duration due to the fluctuating tides 

and ambient temperatures, clingfishes are able to success

fully tolerate these temperatures which, on a continuous 

basis, would be intolerable. Contrary to what some have im

plied for other fishes (Brett, 1956), clingfishes normally 

experience habitat temperatures only slightly lower than 

their upper lethal maxima. 

All clingfish species are considerably more cold 

tolerant than heat tolerant. Tolerance levels for 28°C 

acclimated fish are depicted in Figure 53. A 24 hour ex

posure period is thought to represent tolerance for a con

tinuous indefinite exposure to low temperature. Although 

these levels are clearly higher than those found in the 

habitat, resistance time data for tests at 8, 10 and 12°C, 

as well as data from T. humeralis and T. boehlkei acclimated 

at 23°C, indicate a substantial acclimation capacity for low 
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temperature. This does not exclude cold temperature from 

imposing physiological or ecological restrictions especially 

upon the sensitive species such as T. boehlkei, but it indi

cates that a greater margin exists between habitat tempera

tures and cold tolerance as contrasted to levels for heat 

tolerance. It is clear that, comparatively, the most 

tolerant species are those found in the habitats experienc

ing the greatest extremes of temperature. 



CHAPTER 9 

CONCLUSIONS AND SUMMARY 

The northern Gulf of California is characterized as 

an environment exhibiting wide fluctuations of several 

physical parameters, especially temperature and tidal 

amplitudes. It also demonstrates a considerable diversity 

of available topography for rocky inshore species. The 

northernmost rocky coast region at Puerto Penasco is unique 

in that it is basically separated from rocky regions to the 

south and shows the greatest fluctuations in physical 

conditions. The southernmost region of the northern Gulf 

however, demonstrates a greater diversity of habitats and 

substrate associations and, in this respect, is more similar 

to the central Gulf. Important differences between Kino and 

the central Gulf are attested to by the fact that the fauna 

is significantly richer in the central Gulf and includes the 

presence of five clingfish species which are not established 

in the northern Gulf. 

Four species of clingfishes have successfully 

adapted to the rigorous northern Gulf intertidal zone and 

occupy habitats which are unavailable to other marine 

fishes. They inhabit zones which experience great 

183 
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instability in exposure, temperature, wave force, tidal 

currents and substrate. Clingfishes show several behavioral, 

morphological and physiological adaptations for utilizing 

these zones and interspecific differences manifested in 

these adaptations are related to species distribution within 

the intertidal habitat. 

Some of the more significant conclusions bearing upon 

the adaptation of clingfishes to the intertidal zone, as well 

as conclusions based on analysis of certain physical com

ponents in the habitat which are potentially limiting to 

clingfishes, are summarized below. Most of these conclusions 

have been discussed in the foregoing chapters. 

Distribution, Abundance, Habitat Selectivity 
and Species Isolation 

Eleven intertidal stations, representing key habi

tats of clingfishes, were studied from three discontinuous 

regions of the northern Gulf encompassing a 340 km lati

tudinal range from Puerto Penasco to Kino, Sonora, Mexico. 

Only four of the 10 species of clingfishes reported from the 

Gulf of California appear well-established in the northern 

Gulf intertidal zone. 

At Puerto Penasco three species of clingfishes are 

found. Tomicodon humeralis is the most abundant (78%) , be

ing dominant in four of the five habitats examined; Gobiesox 

pinniger is common (21%) and Pherallodiscus funebris occurs 

rarely (1%). 
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At Kino, the southernmost northern Gulf region rep

resenting the greatest diversity of habitat associations, 

four species of clingfishes occur. G. pinniger is the most 

abundant (46%); T. boehlkei is second (38%); P. funebris is 

third (9%) and T. humeralis is least abundant (7%). 

G. pinniger appears to have the widest distribu

tional range within the northern Gulf and it utilizes the 

greatest diversity of habitats. It prefers the cobble beach 

association at Kino which it dominates. At Puerto Penasco, 

where this habitat is absent, it occurs most frequently in 

granitic tide pools, but it is present also in a sandstone 

platform-boulder association. 

T. boehlkei appears to be the most common form in 

the near shore subtidal zone where it is usually seen moving 

over large boulders or is found on vertical walls of 

granitic outcrops. In the intertidal region at Kino, 85% 

of T. boehlkei were found in the granitic platform-boulder 

habitat where it is the dominant form and 15% were found in 

the cobble beach habitat. 

P. funebris, although occupying the largest number 

of habitats at Kino, is abundant in none. It prefers a 

well-sorted, pebble beach habitat which it dominates at 

Kino. This species however, is abundant in such regions in 

the central Gulf near Guaymas. 

T. humeralis is most dependent upon the presence of 

boulders in the habitat and prefers the sandstone 
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platform-boulder association common at Puerto Penasco, being 

the dominant species there (84%). 

Differential species selectivity for specific sub

strate associations within particular vertical zones results 

in significant segregation in regions of sympatry. P. 

funebris and T. humeralis, which appear to have their prin

cipal distributional range within the intertidal zone, are 

characteristically found in the higher intertidal levels. 

Although these two species have been found occasionally in 

identical microhabitats from both Puerto Penasco and Kino, 

each clearly shows a different substrate preference and each 

occurs rarely in the other's primary geographical range. 

Both T. boehlkei and G. pinniger characteristically 

occupy the lower intertidal zones throughout their range. 

Where these two species occur together, such as at Kino, 

T. boehlkei is found in the preferred cobble beach habitat 

of G. pinniger with a 15% frequency and G. pinniger in the 

preferred granitic platform-boulder habitat of T. boehlkei 

with a 21% frequency. Within the cobble beach habitat, 

T. boehlkei is characteristically found in microhabitats 

under the largest cobbles near the substrate surface while 

G. pinniger prefers the deeper substrate between the smaller 

cobbles. 

Where T. humeralis and G. pinniger occur sympatri-

cally in the same habitats such as at Puerto Penasco, these 
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two species are usually separated because of differential 

zonation but on gradual platform habitats G. pinniger may be 

displaced into higher elevations by associating with tidal 

channels and small pools. In such situations most of the 

T. humeralis are seen to seek microhabitats affording con

siderably less moisture than those occupied by G. pinniger. 

Habitat Exposure 

The success of clingfishes in the intertidal zone 

and the extent to which they may utilize specific microhabi

tats within the vertical range is, in part dependent upon 

the nature of exposure present in the habitat and the 

physiological adaptive capacity shown by the species to 

overcome problems of desiccation, respiration and extremes 

of temperature. 

Tidal factors are analyzed as they relate to inter

tidal exposure in the Puerto Penasco region. The irregular, 

semidiurnal tides at Puerto Penasco are lowest from February 

through April and the low tides are highest in June through 

August. Thus, the warmest periods do not correspond with 

the lowest tides and, except for February, the coldest 

periods do not correspond with the lowest tides. The rela

tionship of percent frequency of LLW (lower low water) level 

per month and mean monthly values for precipitation, wind 

speed, relative humidity and temperature show that ampli

tudes are basically out of phase with those of maximal 
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exposure periods and thus, the potential adverse effects of 

these parameters on the intertidal zone are attenuated. 

Also, the neap/spring tidal cycle at Puerto Periasco is such 

that the LLW occurs in the morning during the summer months 

and in the evening during the winter months corresponding to 

the diurnal periods experiencing the least temperature ex

tremes. If these relationships were not so, physical condi

tions in the intertidal zone at Puerto Penasco would be 

excessively adverse and would prevent the establishment of 

many species which presently live there. 

The frequency-duration of intertidal exposure was 

calculated for Puerto Penasco. On a long-term basis 

T. humeralis, at its upper vertical range, is exposed 41% of 

the time, G. pinniger 37% of the time, the goby, Gobiosoma 

chiquita 30% of the time and the blenny, Hypsoblennius 

gentilis, 25% of the time. The upper limit of available 

rocky habitats at station 1 corresponds to an exposure of 

53% of the time. 

A continuous exposure period of 4-7 hours is ex

perienced at the upper vertical range (5.6 ft) for clingfish 

at Puerto Penasco throughout the year except for seven days. 

At this same level clingfishes experience two exposure 

periods daily except on 22 days. Submersion periods last 

6-8 hours most of the time (80%) with the shortest being 

three hours. 
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The periods of submersion and emersion are important 

factors controlling the intertidal vertical distribution of 

clingfishes. Prolonged periods of continuous exposure occur 

at specific levels and are often dependent upon specific 

tidal factors. A potentially critical level occurs at the 

5.6 ft level where exposure periods may be of 9-10 hours 

duration. The LLHW (lowest lower high water) level which 

represents the boundary between submersion on every tide 

twice daily and submersion on one tide only may be critical 

for clingfish distribution since in March it occurs at the 

6.0 ft level and in February and April at the 6.5 ft level; 

accompanying exposure periods are 15, 16 and 17 hours 

respectively. Additional "critical" levels occur above and 

below these levels during other months and some of these are 

thought to influence the upward movement of certain poten

tial competitors or predators into the clingfish zones. 

Adaptations for Exposure—Desiccation 

In the habitat, clingfishes tend to form aggrega

tions and during exposure many individuals may be found 

under one rock or within a small area of cobbles or pebbles. 

Experimentally, clingfishes will respond to exposure by 

orienting to each other and the sides of an enclosure, thus 

decreasing the total exposed surface area. The tail is 

brought far forward along the exposed side of the body and a 

copious mucous is secreted. Clingfish exhibit a minimum of 
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movement during exposure and even after extended periods 

they show no behavioral signs of stress. 

Experimental determination of clingfish survival 

limits to exposure under humid conditions and moderate tem

peratures (23°C) showed a graded series of species 

resistance indicating a mean and range of times of: 

P. funebris, 93 (35-135) hrs; T. humeralis, 33 (16-55) hrs; 

G. pinniger, 24 (10-29) hrs; T. boehlkei, 19 (10-31) hrs and 

the goby, Gobiosoma chiquita, 11 (9-13) hrs. While these 

resistance times for clingfish are all extensive, the rela

tionship of exposure periods to survival in the habitat must 

be viewed with respect to minimal values of resistance, as 

representative of juvenile clingfish, and with regard to ad

verse temperature and humidity conditions such as might oc

cur in the winter or summer. This has been discussed 

(Chapter 7) and it is seen that except for P. funebris, 

prolonged exposure periods such as occur at Puerto Penasco 

are limiting to the vertical distribution of clingfishes 

within the intertidal zone from about the 4.0 ft level and 

beyond depending upon the species considered. 

Exposure resistance is highly correlated with weight 

within each species indicating a survival advantage for 

larger individuals. Of the two smallest species however, 

T. humeralis exhibits greater resistance on a comparable 

weight basis over most of its range than does the large 
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G. pinniger and also a greater resistance than the large 

P. funebris in adults over 1.6g. 

Tolerance to desiccation was determined by measuring 

the vital limits of dehydration in a dry (silica gel) atmos

phere. The water loss capacity is 59.5% for P. funebris, 

58.8% for T. humeralis, 53.4% for G. pinniger, 49.8% for 

T. boehlkei and 32.4% for the goby, G. chiquita. This water 

loss capacity is large for clingfish and, except for 

T. boehlkei, these values are, in fact, larger than most of 

the species of amphibians that have been reported. 

Histological examination of the skin of the integu

ment of P. funebris, T. humeralis and G. pinniger shows that 

clingfish skin is unique among fishes in that the epidermis 

is thick in relation to the dermis and consists mainly of a 

single layer of very large mucous cells (55-75 microns). 

Overlying the PAS positive mucous cells is an outer epider

mal layer composed of a narrow supportive layer of small 

cells which is best developed in P. funebris but is so com

pressed in T. humeralis as to appear syncytial. This outer 

layer has a cornified appearance, especially in P. funebris, 

which may serve to reduce water loss during exposure. The 

presence of a few large mucous cells rather than numerous 
• 

smaller ones may serve the same function by reducing the 

cellular surface area available for evaporation. Regard

less of any such role, the thickened epidermis may be an 
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adaptation against abrasion especially for such forms as 

P. funebris and G. pinniger which prefer a cobble or pebble 

habitat where they are seen to readily burrow between the 

rocks. 

Positive correlations are evident in the ability of 

the different species to resist exposure or desiccation and 

the degree of terrestrialism they exhibit in the habitat. 

The ability to survive increasingly greater periods of ex

posure either through sustaining greater dehydration or 

maintaining lower rates of dehydration is undoubtedly of 

great advantage for exploitation of the intertidal zone in 

the nothern Gulf. Interspecific physiological differences 

point to potential limitations of specific microhabitats in 

the higher intertidal zones and the observed absence of 

species in certain zones may reflect differences in the 

ability to meet the necessary compromise of dehydration and 

hydration periods. 

Adaptations for Exposure—Respiration 

All four clingfish species are capable of respiring 

aerially for extended periods. Exchange of atmospheric oxy

gen appears to take place primarily in the branchial chamber 

by the formation of air bubbles which are taken into the 

mouth and periodically expelled through the opercle opening. 

A fleshy pad at the pectoral fin base seems to be a major 

site for mucus production which provides a secure opercle 

seal and affords protection from desiccation. 
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Oxygen consumption rates for T. humeralis in an 

aquatic medium were 0.1073 (0.0806-0.1464) ml/g/hr and in an 

aerial medium 0.1038 (0.0776-0.1506) ml/g/hr indicating that 

they are efficient air breathers capable of maintaining 

their metabolic levels when exposed to air and do not resort 

to some anerobic means of compensation. 

Experiments with T. humeralis demonstrate that the 

stimulus for an aerial behavior is related to the cessation 

of water movement. Animals are not able to compensate by 

hyperventilation in water with oxygen concentrations below 

2.0 ml/1 and will not voluntarily leave the water to respire 

aerially until an oxygen concentration of 0.642 ml/1 occurs 

as long as the stimulus of water movement is present. In

creased carbon dioxide concentrations do not provoke an 

aerial behavior and at high levels ventilation rates are 

depressed as has been reported for certain lungfishes. 

The aerial respiratory adaptations do not appear to 

have evolved as a response to oxygen depletion in the habi

tat nor as a precondition for terrestrial excursions. Be

cause of the vertical intertidal zones and substrate 

conditions which clingfishes may inhabit, they are con

fronted rather abruptly with the necessity to respire 

aerially and alternately aquatically on a regular basis 

coincident with tidal periodicities. During emersion they 

remain inactive under or between rocks for the duration and 

have not been seen migrating to sources of water nor do they 
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exhibit feeding behavior during this time. In the inter-

tidal zone the cessation of water movement signals the onset 

of a tidal emersion period and this may stimulate an aerial 

behavior for fishes trapped in small residual tidal pools. 

Temperature—Habitat and Adaptation 

The temperature regime in the Gulf of California is 

discussed. The most extreme seasonal air temperature dif

ferentials occur in the northernmost part of the Gulf. At 

Puerto Penasco the extreme low recorded is -2.2°C and the 

extreme high recorded is 40.0°C. At Guaymas, air tempera

tures average 6.5°C warmer in the winter and 1.3-1.7°C 

warmer in the summer than at Puerto Penasco. Sea surface 

temperatures indicate a similar pattern of colder winters at 

Puerto Penasco and warmer summers at Guaymas. The sea sur

face seasonal differential for monthly means at Puerto 

Penasco is 17.0°C and for Guaymas 14.7°C. 

Habitat temperatures in station 1 at Puerto Penasco 

were monitored hourly through tidal cycles for representative 

diurnal periods in February, April, June, July and August of 

1967. The nine stations along a vertical intertidal transect 

included potential and actual clingfish microhabitats near 

their observed upper vertical range as well as reference 

stations above and below this level. The resulting inter

tidal temperature regime is complex; several sources of 

heating and cooling are seen to be operational and the 
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temperature stations show strong differential rates of heat

ing and cooling. The overlying air temperature seems to be 

the greatest modifier of intertidal temperature. The varia

tion is greatest for all stations in the winter due to 

longer exposure periods and larger air-sea temperature dif

ferences. Air temperature over the intertidal zone shows a 

seasonal variation of 25.6°C while air temperatures recorded 

only 90 meters inland show seasonal variations of 42.2°C. 

Diurnal variation of intertidal air temperature is largest 

in the winter (15.9°C) and smallest in the summer (2.5°C); 

comparable values for the inland air station are 20.4°C and 

10.8°C. Due to radiation during periods of emersion, tem

peratures of the intertidal substrate stations are elevated 

above that of the air temperatures. 

At Puerto Penasco, in station 1, clingfishes occupy 

three microhabitats, all of which experience temperature 

cycles less pronounced than other intertidal temperature 

stations. The lower large tide pool station, from which at 

least 19 species of fishes have been recorded, showed the 

least annual (17.6°C) and least diurnal variation both in 

the winter (4.1°C) and in the summer (1.5-3.0°C); only the 

clingfish G. pinniger occurs there. The small residual 

pool-boulder microhabitat at the 5.0-5.6 ft level shows a 

seasonal temperature variation of 20.7°C and a diurnal 

variation in the winter of 6.1°C and in the summer of 2.1-

4.2°C; both G. pinniger and T. humeralis are represented 
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there. The relatively dry boulder-sandstone platform 

microhabitat shows a seasonal temperature variation of 

22.0°C and a diurnal variation in the winter of 9.5°C and 

3.1-5.0°C in the summer. T. humeralis is the dominant 

species in this microhabitat while G. pinniger occurs 

rarely and P. funebris, although rare in the entire Puerto 

Penasco region, has been collected from this latter 

microhabitat. 

The maximal temperatures regularly recorded within 

the upper clingfish microhabitats were 35.0°C for the 

boulder-sandstone station and 33.0°C for the residual pool 

station. Comparable minimal temperatures were 8.0 and 

9.3°C respectively. With the ascent of the tide after a 

period of exposure and solar radiation however, the surf 

temperature, by the time it reaches the 5.6 ft level, may 

become elevated due to absorption of heat from the substrate 

by 2.8°C in the summer and 5.9°C in the winter. This re

sults in elevated temperatures of the boulder and residual 

pool stations to 37 and 35°C respectively. In the winter, 

this modifying effect of the surf temperature functions to 

minimize cold extremes both during the day and at night but 

for different reasons. The temperature structure in the 

clingfish microhabitats is complex and is in continuous 

fluctuation and many temperature-modifying factors are seen 

to be important in controlling the temperature patterns. 
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Clingfishes must be able to adapt not only to extreme high 

and low seasonal temperatures but also to the short-term 

temperature characteristics which fluctuate rapidly with 

tidal and diurnal cycles. 

Temperature acclimation and resistance experiments 

were conducted with all four clingfish species to determine 

their relative thermal adaptability. The ultimate upper 

lethal maxima, representing minimal tolerance for indefinite 

exposure (7 days) is 34.0°C for T. humeralis, 33.5°C for 

P. funebris, 32.1°C for G. pinniger and 31.7°C for T. 

boehlkei. The slopes for regressions of resistance time and 

upper lethal temperature are dissimilar for some species 

showing that for short exposure periods G. pinniger can 

tolerate somewhat higher temperatures than T. boehlkei and 

that for short exposures, lethal levels for P. funebris and 

T. humeralis are similar. The tolerance to low temperatures 

for 28°C acclimated fish follows the same pattern of species 

resistance as for higher temperatures except that P. 

funebris appears to be slightly more cold tolerant than T. 

humeraiis. Resistance of 23°C acclimated fish to 8.0°C 

shows T. humeralis to be twice as resistant as T. boehlkei. 

All clingfish species are considerably more cold 

tolerant than heat tolerant. With the notable exception of 

T. boehlkei, all are found in habitats experiencing maximal 

temperatures in excess of their upper lethal maxima. 
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Because of the changing thermal regime of the intertidal 

zone, clingfishes are able to successfully survive the 

otherwise lethal extremes. They have adapted to microhabi-

tats which, for rocky shore fishes, are the most thermally 

unstable. This is especially true of T. humeralis which 

often occurs in microhabitats also experiencing little 

moisture. In such situations this species may depend upon 

its high capacity for water loss as a means of thermoregu

lation through evaporative cooling. The extended vertical 

range of G. pinniger in platform habitats such as at Puerto 

Penasco where temperatures are more extreme suggests that 

this species, because of its relative intolerance to high 

temperature, would be the most susceptible to potential 

thermal change. 

Preliminary results of the thermal resistance of six 

species of rocky intertidal fishes found at Puerto Penasco 

are discussed along with data from four (two additional) 

Puerto Penasco species reported in the literature. Several 

of these species appear to be more heat resistant than 

clingfishes although they are often found in lower eleva

tions. The most resistant species were shallow water, sandy 

estuary species which commonly occur at high elevations 

albeit in different habitats. Cold tolerance studies how

ever, with these same species, showed clingfishes to be 

generally more cold resistant except for two shallow water, 

upper estuary forms. For all species considered, including 



199 

clingfishes, tolerance to low rather than high temperature 

seems to be best correlated with intertidal distribution 

with the most cold resistant forms inhabiting the upper most 

thermally rigorous microhabitats. Comparatively then, 

clingfishes are not especially heat resistant and the dif

ferential between upper lethal maxima and habitat tempera

ture as seen at Puerto Penasco, is small; this fact may 

explain, at least in part, the absence of T. boehlkei in 

Puerto Penasco and suggests that high temperature is limit

ing for intertidal vertical extension by the other species. 

Thus, for non-clingfish species low temperatures seem to be 

more important as a limiting factor. Among clingfishes low 

temperatures are likely to be limiting only for T. boehlkei. 

A multiplicity of temperature-dependent factors 

ultimately defines the physiological as well as the 

ecological thermal requirements of a particular species. 

Data presented are based on the lethal measurements of adult 

clingfishes and thus define tolerance in a maximal sense. 

Temperature studies related to desiccation, feeding 

activity, metabolic rate, spawning ability, growth or 

predator avoidance would be important in ultimately assess

ing the role of temperature as a limiting factor for cling-

fish distribution and intertidal success. 

Tomicodon humeralis is the only species of ten 

clingfishes occurring in the Gulf of California which has 

its principal range in the northern province. This species 
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is most common in the northernmost reaches of the province 

and prefers the most rigorous upper intertidal zones where 

temperature and moisture conditions are extreme; physio

logically it is comparatively well-adapted for tolerating 

such conditions. It is however, the least adaptable species 

in terms of the substrate association it will accept. Also, 

because of its rarity in the lower zones, it seems probable 

that this species has been restricted to the upper zones of 

the northernmost Gulf rather than its occurrence there being 

the result of overall species adaptability and niche expan

sion. This latter contention is supported by the observa

tion that a great percentage of the juveniles occupy the 

most rigorous zones even though they are physiologically 

least resistant. Further, the lower zones at Puerto Penasco 

contain several potential competitor and predator species of 

which Gobiesox pinniger may be included. G. pinniger has 

been observed feeding upon Tomicodon eggs and juvenile T. 

humeralis in the aquaria and it is likely that the presence 

of G. pinniger is an important factor in restricting T. 

humeralis to the higher elevations; this contention would 

also explain why at Puerto Periasco it is primarily the 

largest adult T. humeralis which comprise the zone of 

sympatry with G. pinniger. 

To the south at Kino and beyond, where T. humeralis 

is rare, boulder-platform habitats are little developed and 

the intertidal area is comparatively small. The intertidal 



201 

zone there harbors a greater number of potential predators 

as well as clingfish competitors. Although T. humeralis is 

physiologically highly adaptable, it is severely restricted 

in its ecological adaptability resulting in the restriction 

of this species to a relatively specialized niche of a 

rather small geographic region in the northern Gulf. 

Pherallodiscus funebris appears to have its primary 

distribution in the central Gulf of California. It is not 

common in the northern Gulf near Kino and is rare at Puerto 

Penasco. This is in spite of its high physiological 

adaptability which would be conducive to success in the 

northern intertidal zone. Where it is found however, it 

prefers the higher intertidal zones with a pebble substrate 

association such as is commonly found to the south and ap

pears to show morphological adaptations for such a habitat. 

Gobiesox pinniger appears to be ecologically the 

most adaptable species in that it occupies the greatest 

number of habitats, intertidal zones, and has the widest 

geographical distribution. Its preferred habitat is the 

cobble beach where it is abundant at Kino. Its physio

logical adaptability is limited compared to P. funebris or 

T. humeralis and within its geographic range, it is usually 

limited to the physically less rigorous intertidal zones. 

Tomicodon boehlkei also has a wide geographical dis

tribution in the Gulf and occupies a considerable diversity 

of habitats although apparently not to the extent of 
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G. pinniger. It is common at Kino but is rare northward. 

This species shows the least physiological adaptability and 

occupies the more moderate habitats of the subtidal or lower 

intertidal zones. Although it occurs in zones where a 

larger number of potential predators are found, its apparent 

preference for steep vertical substrate facies, experiencing 

considerable wave force, would tend to limit the extent of 

predation on this species. Also, T. boehlkei is the most 

continually active clingfish species during submersion 

periods and shows quick motor responses; its agility in 

eluding capture no doubt is important in reducing predation. 
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