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ABSTRACT

The behavioral ecology and spawning periodicity of the Gulf of 

California grunion, Leuresthes sardina, was analyzed for 53 spawning runs 

from 1968 to 1973 in the northern Gulf of California. The spawning 

behavior of the Gulf grunion is similar to that of the California 

grunion, L_. tenuis, except that Gulf grunion do not dig as deeply into 

the sand and show a greatly accelerated spawning act (3 to 4 sec) as 

compared to a slower spawning act (30 sec) of the California grunion.

This difference appears to be an adaptation to the short period, low 

amplitude sea waves typical of the protected coasts of the upper Gulf of 

California rather than increased daytime predation of spawning fish by 

sea birds.

Initiation of a spawning run seems to be more directly dependent 

upon tidal amplitude than the moon phase per se. Gulf grunion runs occur 

fortnightly from January to May following a descending series of high 

tides after the new and full moon phases. The beginning of a run series 

occurs about 3 days after the full moon and about 4 days after the new 

moon phase. The daytime runs of L_. sardina commence when there is mid

season shift in the time of daily higher high tides from early morning 

(0300-0500) to late afternoon (1500-1700).

Predictions of Gulf grunion spawning runs at El Golfo de Santa 

Clara, based upon tidal amplitudes in relation to moon phase, proved to 

be reasonably accurate. However, publication of predictions of Gulf

x



grunion runs should be discouraged until conservation measures are 

established to manage the resource and regulate the catch of spawning 

adults.



INTRODUCTION

The Gulf grunion, Leuresthes sardina (Jenkins and Evermann,

1888), endemic to the northern Gulf of California, exhibits fortnightly 

spawning rhythms similar to that of the California grunion, Leuresthes 

tenuis (Ayres). The grunions are highly specialized fishes whose 

spawning behavior constitutes a life history unique among fishes.

Grunions spawn on the beach out of water, where the females deposit their 

eggs in the sand as the males encircle them releasing their milt. Unlike 

the California grunion, the Gulf species spawn in the daytime as well as 

at night. An observation of a daytime spawning run in 1968 stimulated 

this investigation when the author learned that the spawning behavior and 

periodicity of the Gulf grunion had never been studied.

Literature Review

There was virtually no published information on the Gulf grunion 

when this study began in 1968. The only publication devoted solely to 

the Gulf grunion was a popular article by Rechnitzer (1952) describing 

the daytime spawning of the species at San Felipe, Baja California Norte, 

Mexico. Reference to the Gulf grunion in Walker’s (1949, 1952) studies 

of the California grunion was only incidental.

Since 1968, the Gulf grunion has been studied intensively by •

D. A. Thomson and his students at The University of Arizona. The 

spawning periodicity, run predictions, and effect of tides and waves on 

spawning behavior, all of which are based upon the preliminary results of

1
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the present research, have been already presented (Thomson, 1972; Thomson 

et al., 1972; Muench and Thomson, 1973; Thomson and Muench, 1973; Thomson 

and Muench, 1974; Thomson and Muench, 1976). Culture of Gulf grunion was 

first accomplished by Nash (MS) and studies on the preferenda and toler

ances of larval grunion to various physical factors have been done 

(Reynolds, 1973; Reynolds and Thomson, 1974a, 1974b, 1974c; Reynolds, 

Thomson, and Casterlin, 1976). Studies on reproductive strategies 

(Thomson and Moffatt, 1976), effect of hypersalinity on egg development 

and hatching (Constant, 1976), and taxonomy (Moffatt, 1974; Moffatt and 

Thomson, 1975) have been completed. Research on thermal effects of 

developing embryos (Moffatt, 1977) and hybridization (Moffatt and Thomson, 

MS) represent the most recent research on the Gulf grunion.

In contrast to the lack of published material on the Gulf grunion 

prior to 1968, considerable information was available on the California 

grunion, Leuresthes tenuis. Spawning behavior, periodicity, and life 

history were early topics of study (Hubbs, 1916; Barnhart, 1918; Thompson 

and Thompson, 1919; Clark, 1925; Walker, 1949, 1952).

Several relationships of L̂. tenuis to environmental factors were 

studied. These included: physiology (Garey, 1962; Scholander,

Bradstreet, and Garey, 1962), embryology (David, 1939), effects of 

temperature and light on the young fish (Hubbs, 1965; Ehrlich and Farris, 

1970, 1971, 1972; Reynolds et al., 1976; Reynolds, Thomson, and 

Casterlin, 1977; McHugh, 1954), the rearing of larvae and juveniles (May, 

1971; McHugh and Walker, 1948), and predators and parasites (Olson, 1952, 

1972). Popular articles on the California grunion are numerious (Clark,



1928a, 1928b, 1938; Funkhouser, 1940; Mercieca and Miller, 1969;

Phillips, 1943; Walker, 1947, 1959; Woodling, 1968; Grosvenor, 1969; 

Jorgensen and Anderson, 1970; Ricciuti, 1973; Castro and Yoshida, 1974).

Scope of Study

This study was designed to provide basic information on the 

spawning behavior of the Gulf grunion, the periodicity of the runs, and 

the factors controlling or influencing run periodicity and adult 

behavior. The objectives of this study are;

1. To describe the behavior of the Gulf grunion during spawning 

runs, including the immediate movements prior to, during, and 

after the act of spawning.

2. To correlate tidal cycles and fortnightly lunar rhythms to the 

timing and frequency of the spawning acts in a season.

3. To define the spawning season and make Gulf grunion run 

predictions.

The study of the Gulf grunion was extended over a four-year 

period, supplemented with an additional two seasons spent observing runs 

of the California grunion, Leuresthes tenuis.

Taxonomy of L. sardina and L. tenuis 

The taxonomy of the Gulf of California grunion has been recently 

clarified by Moffatt and Thomson (1975). It was originally described by 

Jenkins and Evermann (1888) under the genus Atherina but is now con

sidered to be congeneric with Leuresthes (Jordan and Hubbs, 1919; Breder, 

1936; Schultz, 1948; Walker, 1949, 1952; Moffatt, 1974).

3
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L̂. sardina is bluish-green above, silvery on the sides, and has a 

blue lateral band (Fig. 1). The premaxillaries are protractile and the 

head slender. The tail is forked and the fins are small and placed 

toward the posterior of the trunk. L. sardina attains a standard length 

of nearly 200 mm, with females being slightly longer than males.

There are several differences between L. sardina and the 

California grunion, L. tenuis (Moffatt, 1974; Moffatt and Thomson, 1975). 

However, the numerous qualitative and statistical similarities such as 

protractile premaxillaries, weak and recurved teeth, fin insertion, 

coloration, air bladder development, fin ray formulae, gill raker size 

and number, head and interorbital proportions, confirm the congeneric 

relationship.between the two species. Significant differences exist in 

the body proportions and lateral scale rows between the two species.

Li. sardina is a longer, more slender fish with longer pelvic fins, and 

has larger and fewer body scales than L. tenuis which is more robust in 

the mid-body region, and has a greater eye diameter and longer pectoral 

fins.

Morphometric differences also occur between the sexes of each 

species. In both species, the females are longer in standard length and 

deeper in the mid-body region.

Range

The Gulf grunion is endemic to the upper Gulf of California. It 

has been collected and observed from Bahia Concepcion, Baja California 

Sur and Guaymas, Sonora, to the Rio Colorado Delta (Fig. 2). Grunion 

runs on the Gulf's Baja California coast have been often observed and



Fig. 1. The Gulf grunion, Leuresthes sardina (Jenkins and Evermann, 1888). —  Total length 
20 cm, female.

C/1
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Fig. 2. Known distribution and range of the Gulf grunion, Leuresthes 
sardina.
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filmed by tourists in the San Felipe to Puertocitos vicinity, approxi

mately 100 km below the Rio Colorado Delta.

Grunion runs along the Sonoran coast of the Gulf occur from El 

Golfo de Santa Clara to Guaymas, Sonora, Mexico. The author has 

personally observed spawning runs at El Golfo de Santa Clara, Puerto 

Penasco, Salinas, and Kino, Sonora. In the Guaymas area, runs have been 

reported to occur on a beach near Estero Soldado (Thomson, 1977). Young- 

of-the-year grunion have been collected in Bahia Bachochibampo, Guaymas, 

indicating that spawning had occurred close by. Presumably, grunion runs 

occur in many other areas along the Sonora coast, but because of the 

remoteness of the coastline observations are lacking.

The California grunion, Leuresthes tenuis, is found from Monterey 

Bay, California, to Bahia Magdelena, Baja California Sur, a range of 

approximately 1,000 km. The distribution of the two species is 

allopatric with a considerable gap occurring from Bahia Magdelena around 

the tip of Baja California and north to Bahia Concepcion.

Study Site

The major study site was the northern Gulf of California coast

line in the vicinity of El Golfo de Santa Clara, Sonora (Fig. 3). This 

is the northernmost part in the Gulf (31* 39'N, 114° 27'W) and is 70 

miles from the United States border. Accessibility to this area by land 

had been limited due to poor roads until 1967 when a paved road was 

completed from San Luis to El Golfo. The area had been largely neglected 

by the scientific community until an impact study for a proposed nuclear
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Fig. 3. Known spawning beaches of the Gulf grunion along the Sonoran 
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desalinization plant was completed in 1968 (Thomson, Mead, and Schreiber, 

1969).

This area is in the lower Colorado River basin and is bordered by 

the Colorado Desert and Sonoran Desert. The coastal topography is rela

tively flat with sand dunes and a mesa which rises 50-200 feet above the 

delta. This mesa is eroded by waves and wind with the sediments drifting 

to the northeast (toward the river mouth or delta) by tidal currents.

This forms large megaripples along the sandy beaches (Fig. 4).

Thus, erosion and delta river flow (vastly reduced from previous 

years) contributes to the extremely muddy waters observed in the delta 

region. These waters all along the coast to the lower extent of the 

local study area (40 km) are more turbid than waters slightly southward 

(Roden, 1964).

The annual surface temperature fluctuations in the northern Gulf 

are fairly large, averaging 16°C at Puerto Penasco on the eastern side 

and 11°C on the western side. Average maximum temperatures for the 

region from June to August are from 40° to 42°C and average minimum 

temperatures in January are 4° to 5°C near the United States-Mexican 

border.

The major study sites were the beaches immediately south of El 

Golfo (to 10 km). Beaches were surveyed during run seasons for 40 km 

down the coast to above Puerto PeSasco (Fig. 5).



Pig. 4. El Golfo beach showing megaripples. —  This is a view of the beach approximately 
6 to 8 km below El Golfo. (1) This is a curve of a large bay and also shows 
"sandy point" (2) in the distance. (3) Large megaripples can be seen quite readily. 
(4) This is an area of extensive grunion runs in the immediate foreground and also 
on the point in the background.



Fig. 4. El Golfo beach showing megaripples o
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Fig. 5. Study beach showing grunion spawning area. —  (1) In the foreground is a beach area 
showing tire tracks. (2) The area in the middle of the photo between the two dark 
patches of water is the slope upon which the grunion spawn. (3) On the water's edge 
can be seen gulls and pelicans standing on the exposed points of land. (4) Across 
the dark band of water, Baja California can be seen approximately 60 to 70 miles in 
the distance. (5) The dark beach areas are sand deposits of volcanic origin.



Fig. 5. Study beach showing grunion spawning area.



Fig. 5. Study beach showing grunion spawning area.



METHODS AND MATERIALS

From March 1968 to May 1971, the author made 32 field trips to 

the Gulf to study grunion spawning runs and to collect young grunion as 

indicators of spawning activity. He observed 50 spawning runs and 24 

lunar breeding periods along with non-spawning activity. On 8 trips, 

spawning did not take place and/or no young grunion indicative of recent 

spawning activity were collected.

Initial run dates were projected from Walker (1949) and the 

author's observations. After observing several runs, the author found 

that they could be predicted to within a 12-24-hour period for the start 

of a run series, and to within one-half to one hour within a run series. 

These initial attempts to predict runs were adequate to schedule observa

tion periods. Several observations prior to and after predicted runs 

were made over several seasons.to confirm the timing.

In general, runs for each moon phase were predicted and trips to 

El Golfo were scheduled one or two days prior to the expected run. The 

beach was examined for previous or current spawning marks and local 

sources questioned as to if a run had occurred.

One or two hours before a high tide preceding a predicted run, 

the author drove along the beach looking or seining for grunion in the 

surf. This also permitted him to note the actual time of high tide to 

compare times with predicted values on the "Tide Calendar for the 

Northern Gulf of California," computed for Puerto Penasco tides by

12
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Donald A. Thomson of The University of Arizona. This calendar was used 

as the tidal reference because observations of the predicted time of high 

tide and the observed high tide were in close agreement, and because tide 

predictions for El Golfo are not available.

On many occasions, all high tides were checked for 4 to 5 days 

before a run series, and 1 to 2 days past the last observed spawning 

time.

The beach was examined a few hours after the run and before the 

next high tide. This included measuring the difference in tide height 

from the beginning to the end of the run and the slope of the beach where 

spawning occurred, giving the width of the grunion spawning area.

In general, boats, paddle boards, and beach buggies were used to 

follow the movement of the grunion schools along the beaches. The use of 

the "beach buggy" was essential as the coastline in the study area is 

approximately 56 km long, and several spawning sites could be monitored 

during a run series. Artificial light was used to attract fish during 

night runs, and to observe actual movements of the grunion onto the 

spawning beach. The runs were filmed [16 mm movies) to document the 

spawning sequence for behavioral analyses. Notes were recorded on tape.

The periodicity data were analyzed by comparing the means of tide 

heights using Student's t-tests. The t-tests presuppose that the two 

distributions are normal and that the variances are identical. However, 

the t-test is rather robust, i.e., it is still a valid test even though 

the distributions may not exactly meet the required assumptions for the

test.



As a precautionary measure, several non-parametric tests were 

tried, notably the Mann-Whitney and Kolmogorov-Smimov tests, to see if 

the results were, in fact, due to peculiarities of the distribution. 

These tests gave the same results as were found using the t-tests.



RESULTS

Behavioral Ecology

Movement to and from Spawning Beaches

During the early spawning season (night runs only), the grunion 

schools typically stay close to shore just outside the surf zone. This 

nighttime, shoreward movement could be readily observed because the 

grunion schools were dense and localized. Grunion seen noctumally, at 

times other than during the spawning season, were dispersed in small 

groups.

Grunion were tracked at night by sweeping the water with a spot

light, causing grunion to leap out.of the water. Sometimes, a solid 

silver wall of fish would appear, as if it were raining fish in reverse. 

Since the beam of light was approximately 250,000 candle power and very 

narrow, fish 30-40 m from the surf could be followed in their progression 

to the beach. Intermittently shining the light caused fish to leap and, 

thus, their progress was observed. After spawning, the schools were 

followed by the same method as they moved out to sea.

The daytime movement of grunion schools was also monitored by 

means of netting and seining. Just before the runs, brown pelicans, 

Pelecanus occidentalis, and sea gulls, Larus sp., would stand on the 

points of the tide channels (Fig. 6). About a half-hour or less before a 

run began they flew offshore 300-400 m and dove on the fish. They 

continued to dive until they were diving into the breaking surf zone.

15



Fig. 6. Daytime grunion run showing beach where fish have spawned. —  This is a view of the 
curve of the bay from ground level. (1) Just below the bluffs gulls are lined up 
around the point of this spur. The tide has ebbed extensively before the grunion 
started spawning. The grunion have picked this particular slope on the beach and 
one can see exactly where the spawning started, (2) evidenced by the t o m  up and 
pock-marked condition of the beach. (3) Surf is minimal, thus, a very narrow band 
of fish.



Fig. 6. Daytime grunion run showing beach where fish have spawned.
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Fig. 6. Daytime grunion run showing beach Where fish have spawned.
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about the same time the grunion scouts would appear on the beach or could 

be seined in the surf. The sea gulls took part in this offshore fishing 

to a lesser extent. Their feeding was more oriented to the surf and 

beach regions.

At times of calm seas and less turbid water, the grunion could be 

seen from a bluff overlooking the beach and followed from 50-100 m off

shore as they moved to the beach. They were first observed several 

hundred meters offshore and were continuously observed until they moved 

onto the beach. On two occasions, when water clarity was optimal, 

schools of grunion were observed moving to the beach. On one such 

occasion, the sequence was filmed. The schools appeared as dark linear 

bands changing shape in the water. The shape of these "clouds in the 

water" constantly changed. Several schools seemed first parallel to one 

another and then meshed into one, later fragmenting. They drifted, or 

moved, on an oblique path to the beach, finally stopping a few meters 

from the water’s edge. The fish remained there until they began the 

spawning run. The grunion appeared to mill in these schools just past 

the surf zone, or immediately offshore when there was no surf. Fish 

returning to the sea after spawning may remain within these schools, as 

none were seen or captured further offshore.

As the run tapered off and the fish left the beach, they were 

followed by paddle board or spotlight as they moved out to sea. The 

movement was not a headlong rush, but within minutes the fish were 

20-50 m offshore. They were not followed beyond this point at night and 

only to 100 m after a few daylight runs.
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Fishermen used to be able to follow the onshore progression of 

the grunion by the feeding boils of the totoaba, Cynoscion macdonaldi, 

the endemic giant croaker of the northern Gulf. The drastic decline of 

this fish precluded observing this run-associated behavior, although the 

author has seen a film (16 mm movie) depicting this occurrence (Kehl, 

1970). It was reported and shown as a huge wall of water boiling up 

around large totoaba as they charged back and forth in the surf zone 

after spawning grunion.

Movement onto the Spawning Beach

The spawning runs of the Gulf grunion are dramatic in their 

appearance. The behavior of the fish moving to and from the beach will 

be treated in this section. A run usually started with a few male 

grunion swimming in the surf zone and riding the wash of the waves in and 

out of the shore interface (Fig. 7). These first few exploratory males 

are called scouts. The term seems appropriate as the run often does not 

materialize in an area if the scouts are disturbed. These fish move up 

and down the beach and may eventually return to the disturbed area if the 

run was intense enough and no further interruptions occurred.

The fish ride the curl of the wave onto the beach, utilizing the 

forward momentum of the water to place them high on the sand. As the 

water drained, they swam upstream, remaining in place. The size of the 

surf determined the area where the fish remained. Very seldom did surf 

wash cover more than a 1 to 1.5 m wide area with correspondingly 

restricted fish dispersion to the surf wash zone. The grunion never 

utilized areas that were not washed by the surf. In many cases, there



Fig. 7. Scouts in the surf and on the beach. -- (1) Note the very slight surf, approximately 
eight to eleven inches at most. Grunion can be seen swimming parallel to shore, in 
the wash, and others (2) can be seen tumbling as the surf breaks. (3) The fish in 
the foreground, above the surf zone, are males (scouts) swimming in and out with the 
waves.



Fig. 7. Scouts in the surf and on the beach.
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was no surf and the grunion spawned within a 12-15 cm band along the 

beach at the water and beach interface.

More and more males washed in and out, with some remaining on the 

beach between sets of two or three waves. Those remaining on the beach 

were joined by more grunion until both males and females were repre

sented. The numbers of fish varied in this phase from fifteen to several 

hundred. Numbers of fish increased as more fish remained in place on the 

beach. The numerical progression varied between ten to fifty fish, and 

increased to hundreds and then thousands. Typically, the grunion were 

densely packed at the height of the run (Fig. 8). In heavy runs, grunion 

were several layers deep because of the high numbers of fish attending 

the run and the narrow width of the surf wash. This nearshore concentra

tion was evident as it was impossible to wade a few meters from shore 

without bumping into milling grunion. At the peak of a heavy run, 

walking in the surf zone was very difficult as the fish completely 

covered the area and it was impossible to step down without crushing 

fish.

During heavy runs, the frequency of spawning increased very 

rapidly and was sustained during the peak of the run. A gradual decline 

in spawning activity was evident toward the end of the run. The fish 

generally leave the beach en masse with very few stragglers. Runs 

usually end abruptly, within a few minutes the fish completely disappear.

Fluctuations occurred in numbers of fish on the beach. The 

disturbance of the run by man and other animals would often interrupt the

20



Fig. 8. A heavy daytime run. —  This is a daylight run showing the apparent mass confusion 
that attends these runs. The photo shows several females encircled by males and 
spawning. This writhing mass, as the reader can see, chums up the sand and gives 
credence to the "mass spawning frenzy theory." (1) The left circle shows a female 
with many males in attendance. The upper right circle (2) shows a female spawning. 
(3) The right lower circle shows a depression in the sand with milt in the water 
from the freshly spawned female with one male still in attendance in the sand.
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Fig. 8. A heavy daytime run. K)
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Fig. 8. A heavy daytime run.
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spawning at that section of the beach and cause the fish to leave the 

area (Fig. 9). Differences in density of spawning fish along the beach 

were noted. Waves and surge contributed slightly, but the differences in 

beach slope and substrate (i.e., sand vs. rock) as the tide ebbed seemed 

to be major influences.

The Spawning Act

The apparent chaos during the spawning of Gulf grunion actually 

has a somewhat ordered sequence. Once the fish were on the beach, the 

females wiggled among the mass of males. Generally, the females moved 

less than a meter, particularly if the surf wash was minimal or if a very 

heavy run was in progress. This movement brought the female into contact 

with numerous males.

The males would bump their heads against the operculum or pecto

ral fin area of the females. A large number of runs were closely 

observed in the field and on film to verify this phenomenon. On some 

occasions, it was so obvious that a noticeable jar of the females' bodies 

ensued (Fig. 10). Some sex recognition must occur between the fish.

Wave wash also deposited new males adjacent to the female. The fish lie 

adjacent to one another, head to head, and almost always had their heads 

pointing up the slope toward the beach. The bumping was difficult to 

detect in many instances.

Females responded to the bumping by a rapid, side-to-side motion 

of the tail and lower trunk, resulting in burrowing into the sand 

(Fig. 11). This burrowing was triggered by bumping by the male in most 

instances, but some females seemed to burrow without external



Fig. 9. People chasing grunion during a daytime run. —  (1) This is a daytime run showing a 
typical reaction of most people to spawning grunion. (2) The run has just recently 
started with some few spawning depressions seen in the sand. (3) Notice that the 
last person in the background has scared all of the grunion off the beach and the 
fish are moving away from the man as he starts toward them along the beach. (4) The 
surf is minimal but the fish are actually above the wash of the waves in this 
picture.
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Fig. 10. Night run showing male bumping female. —  This photo shows a number of fish on a 
night spawn with a fairly minimal surf wash. This was taken at an angle down the 
length of the beach with the surf on the right-hand side. (1) The erect female in 
the center of the picture seems to be somewhat deeper than normally possible due to 
the fluid consistency of the sand, and is attended by approximately two males, one 
partially buried. Almost all fish are in fairly close proximity to each other with 
several of them closely alongside each other. We see many indications of pairing 
in this picture. (2) Note especially the fish immediately to the left of the erect 
female which is a large female with a male alongside of her, violently bumping her 
operculum area. The reader can see the spray droplets in this rapid, blurred 
motion. This is the most significant triggering process in causing subsequent 
spawning behavior in the female. (3) Almost above, and a little bit to the left of, 
these fish, the reader can see many fish lying beside a sort of silvery, light- 
reflecting female; again, showing the normal alignment prior to spawning.



Fig. 10. Night run showing male bumping female. N>
-p*



Fig. 10. Overlay

Fig. 10. Night run showing male bumping female.
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Fig. 11. Night run showing three erect females. —  This photo shows a night stop-action 
sequence showing three females erected in the sand fully into the throes of 
spawning. (1) The foremost female has approximately one male, or possibly two, in 
attendance. All females are approximately the same depth in the sand. A very 
slight film of water seems to be covering the area. The surf is behind the females 
who are spawning. (2) Note the head bumping of the two fish immediately to the 
right of the foremost female. The larger blue fish is a female, a male is bumping 
her around the operculum area. This will elicit a spawning response under most 
conditions. (3) The upper left spawning female is still very violently digging into 
the sand as evidenced by the ripples spraying away from her and the attempts of the 
males to just begin encirclement. (4) The female in the upper right-hand portion is 
into the latter stages of spawning, possibly coming out of the sand. Notice that 
her premaxillaries are protruding, forming a tube. All fish are arched in the 
J-shaped configuration. (3) The surf is on the upper right-hand side of the photo, 
showing that most females have their backs to the sea. This facilitates maintaining 
their position in the small wave wash as the surf drains back to the ocean.



Fig. 11. Night run showing three erect females. K>in
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Fig. 11. Night run showing three erect females. tx)ui
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stimulation, although males in all but a very few cases were in close 

attendance. Digging into the sand was rapid and vigorous. In most runs, 

the fluid consistency of the sand aided burrowing. The female erected 

her body as she dug. She attained a 60-90° angle to the sand. Approxi

mately one-half of her to two-thirds of the posterior body length was 

covered by sand (Fig. 12). The Gulf grunion seldom bury themselves to 

the level of the pectoral fins, as do the California grunion. The female 

typically faced the beach with her back to the sea; thus, water washing 

over her tended to keep her covered with sand and enabled her to with

stand the draining of the water to the sea without being dislodged.

When the erected female obtained a body angle of about forty 

degrees to the beach, the males moved to encircle her body. In most 

cases, many males were close by and two to three usually encircled a 

female. Unless the wave action disturbed them, or the crush of fish was 

too dense, the males encircled with their dorsal uppermost. Their head 

overlapped their tails in a complete circle. It was not unusual to see 

males completely cover the column of the female's body and the uppermost 

males pushed from her head. The first and lowest male on the "totem 

pole" may be buried in the sand by the still erecting female, the crush 

of the upper males, and some wave-transported sand. On many occasions, 

when the female departed, one or two males were completely covered by 

sand and struggled to free themselves.

The extended portion of the female was erect, but the buried por

tion of her body had a J-shaped configuration. The back was bent thirty 

to forty-five degrees with the caudal fin just under the sand surface
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Fig. 12. Spawning fish under minimal surf conditions. —  This night sequence shows fish 
spawning on a very minimal wave wash. Note the shallow layer of water over the 
sand. (1) The central figure is a female buried in the sand, approximately two- 
thirds of her length, and has almost erected, but not quite. One male is 
encircling her with three or four others making the attempt.



Fig. 12. Spawning fish under minimal surf conditions. KJ
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(Fig. 13). Her vent and anal fin were the posterior portions of her body 

in the sand. This caused the eggs to be deposited in a small confined 

area known as a pod. It also prevented eggs from being strung along the 

long axis of her body and being crushed in the digging out movements.

The extrusion of the gametes was the mid-point of the sequence.

The erect, encircled female seemed to undergo a brief but apparent 

stressful voiding of the ripe eggs contained in the ovary lumen. Her 

lateral movements became more pronounced (the sand must aid in com

pressing her sides), and the mouth opened and the premaxillaries were 

protruded to form a tube (Fig. 14). Indistinct squeaks were heard on 

some occasions but the origin of the sound was unclear. Whether air is 

compressed in her mouth and gills or some connection to the viscera is 

compressed has not been determined.

During this time, the males aided in squeezing her body due to 

the pressure exerted during encirclement, and perhaps, secondarily, as a 

means of hanging on to the violently moving female. The female's anal 

fin wove from side to side in a ripple motion that distributed eggs in a 

pod. This can be demonstrated quite clearly by manually arching a female 

and gently squeezing her abdomen. Three hundred and fifty females were 

captured by hand as soon as they dug out of the sand. None had any ripe 

eggs left in the ovaries; ripe egg extrusion was complete in all cases.

Males ejaculated their milt almost simultaneously when the female 

was vertical and was extruding her eggs. The milt was ejected in a 

copious stream which flowed down the sides of the female, draining into 

the sand and interstitial water. It had always reached the egg pod



Fig. 13. Female grunion beginning to dig into the sand. —  This is a night spawning sequence 
which shows a female in the foreground just starting to dig into the sand. (1) 
Rarely does a female erect without male bumping stimulation although this was a 
lightly attended run late in the series. The J-shaped configuration of the female 
with the caudal fin just peeking from underneath the sand is shown. (2) Two males 
are swimming close by on the left, tending to align their bodies parallel to each 
other; they encircled the female just after the photo. (3) The sand can be seen to 
have quite a fluid consistency as seen in the sand and water droplets in the upper 
right-hand portion of the picture.



Fig. 13. Female grunion beginning to dig into the sand. K>
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Fig. 13. Female grunion beginning to dig into the sand.



Fig. 14. Grunion run under normal surf conditions. —  (1) This depicts the normal minimal
surf condition and fish can be seen swimming in this zone. At this run stage, fish 
are moving in and out of the water but some fish (2) are still remaining on the 
beach. (3) A single spawning occurrence is in the foreground with the female 
encircled by two males. Note that her mouth is open. This was the beginning of 
the run and was only of moderate intensity. Note that all fish are congregated in 
the vicinity of the female and not scattered on the beach.



Fig. 14. Grunion run under normal surf conditions. wo
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Fig. 14. Grunion run under normal surf conditions. O io
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whenever it was immediately dug up and examined. The lateral movements 

of the female alternately opened channels in the sand to the egg mass for 

the draining milt. Most males caught after spawning contained milt and 

presumably were able to successfully spawn at least one more time per 

run.

Immediately after egg extrusion, the female seemed to thrust with 

the caudal portion of her body to drive out of the sand (Figs. 15 and 16). 

The fluid sand readily replaced the cavity left by the female’s body, 

thus covering the pod. This was verified by examining hundreds of the 

undisturbed egg pods. A slight depression formed over the pod with some 

water and milt remaining on the surface.

Whenever the sand was not quite fluid and the wave wash was 

minimal, the digging out movements by the female tended to cover the pod 

(Fig. 17). Even the occasionally covered male would not expose the eggs 

upon escape from the sand. Very few eggs were washed out, and it is felt 

that the eggs sometimes found in the surf, or on the spawning slope, were 

from the crush of fish piled upon one another, inadvertently forcing eggs 

from gravid females.

The duration of the spawning act from the initial digging by the 

female to her thrust release from the sand after egg extrusion averaged 

2.5 to 3.0 seconds. Several hundred timings were made during the study 

throughout several spawning seasons, and extensive 16 mm films were made 

to document and time the spawning behavior. Slow motion movie studies 

(64 frames/sec) of this behavior still appeared to be rapid when viewed. 

This very fast sequence may be a response to environmental conditions or



Fig. 15. Females extruding eggs into sand. —  Two spawning females are visible; the lower 
one has completed egg extrusion and is leaving the sand, and the other is in the 
position of extruding the eggs. (1) The female leaving the sand is weaving in a 
side-to-side motion, with one male almost buried (notice the head to tail position). 
(2) The upper female has three males in attendance encircling her.
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Fig. 16. Female beginning to leave after egg laying. —  This is a sequence immediately after 
egg extrusion. (1) The female is thrusting out of the sand. One male is partially 
buried beneath her vent, while two other males are encircling her body. (2) Note 
that their vent areas are approximately adjacent to her body trunk, which would 
facilitate discharge of milt for subsequent mixing with the eggs. (3) The three 
males in the picture above her show the trend in lightly attended runs for the fish 
to group together.



Fig. 16. Female beginning to leave after egg laying.
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Fig. 16. Female beginning to leave after egg laying.



Fig. 17. Egg pod buried about 55 cm in the sand. —  (1) The circle indicates the pod of eggs 
deposited by a female. The pod is approximately thirty to sixty centimeters in 
depth, and about thirty to forty centimeters in diameter. This was spawned the 
night before, and shows how densely packed and how well covered the egg pod is after 
the fish leaves the hole she dug in the sand. The tape is in millimeters and each 
number is a centimeter.



Fig. 17. Egg pod buried about 55 cm in the sand. O')■p*.
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Fig. 17. Egg pod buried about 55 cm in the sand.
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vulnerability during beach exposure, especially during daylight runs.

The rapid spawning may serve to lessen vulnerability to predation. This 

timing will be discussed in a later section.

Tests were performed to elucidate the triggering mechanism of 

digging in by the female and encirclement by the male. The gentle bump 

of the male against the female was very difficult to reproduce except 

under extensive, heavy run conditions where a "spawning frenzy" occurred, 

and the avoidance response of the fish to the observer was greatly 

diminished. On a few occasions, gently touching the operculum of the 

female with a forefinger elicited erection. A more effective method was 

to capture and sacrifice a male, and insert a wire, bent at right angles 

and attached to a one meter stick, into one side of the male's body. The 

male was placed next to a female and artificially agitated to approximate 

the head bumping behavior. This was more effective in triggering females 

to erect, but perhaps the sight and smell was more acceptable to the 

females than the author's digit.

The male California grunion responds to a wriggling stick slowly 

moved side to side (Crane, 1969). The author tried moving a stick with 

the Gulf grunion, but could not approximate the rapid motions of the 

female in this manner. Whenever he thrust his finger into the sand, 

adjacent to and touching a male, and vibrated it as fast as possible, he 

could always trigger the encircling behavior of any male (Fig. 18). In 

many cases, the males would release milt. Evidently, the bumping and 

rotating movements of a wriggling finger mimic the erection of the female 

and egg extrusion.

35



Fig. 18. Males encircling finger mimicking vibrating female. —  (1) The thrusting of the
forefinger into the sand, with very rapid wriggling, approximates the same motions 
of an erect and spawning female. Note that there are four males attempting to 
encircle, or have encircled, the forefinger. This demonstrates the triggering 
mechanism for the male response or encircling the female. Also, most other fish in 
the picture are head to head. (2) The soupiness of the sand can be seen by the 
swimming efforts of the male to the right of the hand.
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Fig. 18. Males encircling finger mimicking vibrating female.
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Descriptions of the spawning act of Leuresthes tenuis, the 

California grunion, by Thompson and Thompson (1919), Walker (1949), and 

the film "Fish, Moon and Tides" (Moody Science Institute) demonstrate a 

gross-similarity in the behavior of both species. Dr. Boyd Walker 

visited the research site in the El Golfo region on two different 

occasions in 1970. He observed both a day and a night run, commenting 

that "My grunion [Leuresthes tenuis] took thirty to forty seconds to go 

through their spawning act. The females twisted and dug in very slowly 

and more deeply than do these Gulf grunion. We have a lower sex ratio 

and the numbers of fish in the run were less. Not quite such a mass 

frenzy."

The behavior of the California grunion, Leuresthes tenuis, shows 

a number of striking differences during the spawning act. Runs of 

Leuresthes tenuis were observed from March to July 1973 and 1974 for 

comparative behavior analysis between the two grunion. The configuration 

of the erect females and the undulating anal fin are the same in both 

species. The slow, grinding digging in and out by L. tenuis is very

different from that of L. sardina. The spawning sequence of L_. tenuis is

more than ten times longer than that of 1̂. sardina, i.e., as long as

forty seconds as compared to three seconds. The wriggling finger draws a 

response from 1̂. tenuis; however, much slower movements are adequate to 

elicit a response. The author was able to cause three females to start 

digging in by a finger tap along the side of the head. These fish were 

very wary and difficult to approach, thus such tests could only be
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carried out in the inner Los Angeles Harbor beach area, where surf wash 

was minimal and runs were intense.

After egg extrusion and digging out, the female L̂. tenuis left 

more slowly than did L̂. sardina. The cavity in the sand from the 

female's body did not always fill up with sand, and eggs could often be 

seen at the bottom of the hole. The surf wash seemed to cover up the 

eggs by collapsing the sand around them. In two instances, the next 

day's high tide provided sub-surface percolation of water and the now 

fluid sand collapsed over the cavity, covering the eggs. These eggs were 

exposed for several hours.

The literature and personal observations indicate that 1̂. tenuis 

does not seem to reach peaks of spawning frenzy as often, or to the 

degree, that L_. sardina does. There are also other differences in 

behavior that will be discussed in another section (Fig. 19).

Waves and Spawning Behavior

The behavioral sequence in the spawning of L. sardina is nearly 

identical to that of 1̂. tenuis; however, there are significant differ

ences in the duration of the spawning act and the depth that the female 

digs into the sand. The following is from a published account based upon 

the present research (Thomson and Muench, 1976, p. 201):

The spawning behavior of L. sardina is very similar to that 
of L. tenuis but with one important exception. The duration of 
the spawning act (digging in by the female, wrapping around the 
female's body by the male(s), extrusion of eggs and exit of 
female) proceeds much more rapidly in L. sardina. The most 
obvious suggestion is that the faster spawning rate of JL. 
sardina is an adaptation to daytime runs whereby the grunion is 
exposed to avian predators. Numerous observations of sea bird 
activity during daytime grunion runs indicate that most
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Males (scouts) move on and off beach with surf (about 
30 min after high tide)

l

Males remain on beach

1
Females join males on beachl
Males align body parallel to female —  head to head

I
Male bumps female operculum with his head

l
Female begins digging into sand with anal fin -

1
Female assumes upright position in sand with J-shaped 
configuration

I
Males encircle female

l
Female extrudes eggs and male releases milt

l
Female wriggles from sand and returns to sea

I
Males often remain on beach for subsequent spawning 
with other femalesl
Males return to sea (end of run; about 1 hr, 20 min 
duration)

Fig. 19. Sequence of behaviors in grunion spawning.
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predation of birds on grunion occurs whle the schools are moving 
in towards the beach. The brown pelican (Pelicanus 
occidentalis), a cormorant (Phalacrocorax sp.) and several 
species of sea gulls (Larus delawarensis, L̂. atricilla,
L. californicus, _L. heermanni, and L̂. occidentalis) have been 
observed feeding on adult grunion close to shore. Pelicans and 
cormorants feed on the grunion only when the schools aggregate 
and swim close to shore preceding a run. The sea gulls pick 
grunion out of the surf and from the beach. However, sea gulls 
feed most actively at the beginning of a run when the fish on 
the beach are mostly scouts (males). By the time the run 
reaches its peak and spawning is most intense, very little 
predation by sea gulls is observed. The birds become satiated 
with grunion well before the peak of the run and predation on 
spawning grunion is minimal. After a run the egg pods are 
sought by sanderlings (Crocethis alba) and western sandpipers 
(Erennetes maUri) and some egg predation occurs. However, it 
seems unlikely that the accelerated spawning is primarily a 
defense adaptation against avian predators.

An alternate hypothesis is that the spawning rate is related 
to the waves carrying the fish up on the beaches. The surf of 
the Pacific coast usually has a longer period than the sea 
waves of the protected northern Gulf of California. Cayman 
(1969) reported that sea breeze waves in the northern Gulf in 
the vicinities of San Felipe and El Golfo generally have periods 
of 2-4 seconds. The periods of waves timed with a stopwatch 
during Gulf grunion runs ranged from 2.9 to 4 seconds. Gulf 
grunion are not carried up as high on the beach by such waves as 
is typical of California grunion which ride the surf which 
strands them at a considerable distance from the water line.
Gulf grunion when interrupted by waves completed spawning within 
a maximum of 7 seconds but usually in 3-4 seconds. It was noted 
that storm waves would sometimes prevent a run altogether when a 
run was expected. Therefore, it appears that the rapid spawning 
act of I,, sardina is at least partially an adaptation to the 
short period low amplitude waves of the Gulf of California.

Periodicity of Spawning Runs

Spawning Season

Spawning runs of Gulf grunion occur from early January to the end 

of May. The most consistently occurring runs are along the beaches in 

the vicinity of San Felipe, Baja California Norte and El Golfo de Santa



41

Clara, Sonora, Mexico, in the northernmost part of the Gulf of 

California. Spawning runs also occur on several beaches south along both 

coasts of the upper Gulf to Bahia Concepcion, Baja California Sur, and 

Guaymas, Sonora. However, runs along these beaches appear to be sporadic 

and do not consistently occur following each new and full moon phase. 

Predictions of California grunion runs are likewise less reliable in the 

northern and southern margins of their range.

Runs at El Golfo were always observed in January, but no runs 

have been seen in December. Observations of runs through May have been 

made (Table 1). No runs have been seen in June.

In the years of 1968 through 1972, good runs were observed at El 

Golfo from mid-January until late April. The heaviest runs occurred 

during late January to mid-March, when apparently almost all individuals 

in the population spawned.

Tidal Influence on Diel Spawning

The most striking difference between the spawning runs of the two 

grunions is the occurrence of daytime runs by the Gulf grunion. However,

the explanation for this phenomenon became clearer when the pattern of
(

spring tides during a grunion spawning season was examined. Northern Gulf 

tides are of the mixed semidiurnal type. The higher high tide occurs 

during early morning hours (0300-0500) during January and February, the 

beginning of the Gulf grunion spawning season (Fig. 20). Only nighttime 

runs occur early in the season, closely following the early morning high 

tide (Appendices A and B). During mid-season, there is a shift in tidal 

height so that the two daily high tides are approximately equal. Daytime
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Table 1. Number of observed runs in each run series from 1968-
1973. —  Numbers include all observed runs/sequence in a 
run series (0 = no runs observed).

Year

Sequence of 
run

in series

No. of runs 
full moon

No. of runs 
new moon Total runs

Night Day Night Day Night Day

1968 1 1 0 1 1 2 1
2 0 1 0 1 0 2
3 0 0 0 0 0 0
4 0 0 0 0 0 0

1969 1 1 1 1 0 2 1
2 1 1 0 1 1 2
3 0 0 1 0 1 0
4 0 0 0 0 0 0

1970 1 1 4 1 1 2 5
2 3 2 2 0 5 2
3 1 2 0 3 1 5
4 1 0 2 0 3 0

1971 1 0 0 2 0 2 0
2 0 0 1 1 1 1
3 0 0 1 0 1 0
4 0 0 0 0 0 0

1972 1 0 0 1 0 1 0
2 0 0 1 0 1 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0

1973 1 2 0 1 1 3 1
2 0 2 0 2 0 4
3 0 0 1 0 1 0
4 0 0 0 0 0 0
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G U L F  G R U N I O N  
S P A W N I N G  S E A S O N

1967

1968

1969

1970

1971

1972

1973

J F M  A

'I

M  J

V/////A
H H W  occurs ot night
night and day H H W  the same height
H H W  occurs during day

Fig. 20. Times of the daily higher high tides (HHW) for the years
1967-1973. —  This shows the annual cycling of daily higher 
high tides and depicts the shift in tides during the Gulf 
grunion spawning season (January to June).
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runs begin when the height of the afternoon high tide is nearly the same 

as the height of the early morning high tide. When the height of the 

afternoon high tide exceeds that of the early morning high tide, only 

daytime runs occur (Appendices C and D). Comparison of grunion runs with 

tide heights showed that L. sardina was timing its run with the higher 

high tide, regardless of when this tide occurred. During the transition 

of the higher high tide from night to day, runs are often observed on 

successive high tides (Figs. 21 and 22). These successive night and day 

runs occurred when the height difference between consecutive high tides 

was less than 0.5 m. This suggests that grunion were "comparing" the 

height of each high tide during a run series.

Duration of Runs

The duration of the run varied between new and full moons, day 

and night, and within a run series (Tables 2 and 3). The average dura

tion for all runs (night and day) was 79.5 minutes. The runs during the 

full moon averaged 77.4 minutes and new moon runs averaged 82.1 minutes 

(Tables 4 and 5).

A night run series (runs on successive night high tides of each 

moon phase) after a new moon showed an average of 90.0 minutes for the 

first run, 93.8 minutes for the second run, and 65.0 minutes for the 

third run in the series. A fourth run was very infrequent, occurring on 

only three occasions for both new and full moons during the four-year 

study and was not included in the average.

It is interesting to note that all night runs were slightly 

longer than day runs, averaging 82.5 minutes as compared to an average of
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Fig. 21. Observations made of Gulf grunion runs at El Golfo showing 
night, day, and transition between night and day runs.
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Fig. 22. Gulf grunion runs at El Golfo showing transition of higher high tides to daytime
and beginning of daytime runs. —  Shaded area denotes darkness; clear areas denote 
daylight; numbers under tide curves mark the number of high tides after each moon 
phase. Tide curves are those predicted for Puerto PeTfasco, Sonora (Thomson and 
Muench, 1976).
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Table 2. Comparison of day and night tide heights and duration of the grunion runs following
the new moon phase. —  Values include the mean (x) and standard deviation (s). N =
total number of grunion spawning runs observed. P = probability from Student's t
test.

No. of 
run in 
series

1

2

Night
Observations N X s N

Vertical drop in tide
at start of run (meters) 6 0.27 0.31 3

Vertical drop in tide
at end of run (meters) 5 0.86 0.41 2

Duration of run (minutes) 5 90.00 45.41 2

Vertical drop in tide
at start of run (meters) 4 0.07 0.07 5

Vertical drop in tide 
at end of run (meters) 4 0.60 0.28 4

Duration of run (minutes) 4 93.75 47.50 4

Day________
x s P

0.22

0.72

72.00

0.22

0.81

0.08 < .001

0.15 < .7 > .6

25.46 < .1

0.12 < .1 > .05

0.20 < .2 > .1

86.75 33.94 < .8 > .7



Table 2. Comparison of day and night tide heights and duration of the grunion runs following 
the new moon phase. -- Continued.

No. of 
run in 
series

Night Day
Observations N X s N X s p

3 Vertical drop in tide 
at start of run (meters) 2 0.08 0.11 2 0.38 0.54 < .9

Vertical drop in tide 
at end of run (meters) 2 0.77 0.22 2 0.28 0.05 < .05

Duration of run (minutes) 2 65.00 49.50 3 98.33 55.75 < .6

4 Vertical drop in tide 
at start of run (meters) 2 0.06 0.00 - - - -

Vertical drop in tide 
at end of run (meters) 2 0.43 0.26 - - - -

Duration of run (minutes) 2 97.50 17.68 - - - -



Table 3. Comparison of day and night tide heights and duration of the grunion runs following the
full moon phase. -- Values include the mean (x) and standard deviation (s). N = total
number of grunion spawning runs observed. P = probability from Student's t test.

No. of 
run in
series Observations

1 Vertical drop in tide
at start of run (meters)

Vertical drop in tide 
at end of run (meters)

Duration of run (minutes)

2 Vertical drop in tide
at start of run (meters)

Vertical drop in tide 
at end of run (meters)

N

3

3

3

4 

3

Night
x

0.17

0.89

60.00

0.06

0.95

Day
s N X

0.15 5 0.38

0.61 4 0.65

17.32 4 68.75

0.08 4 0.28

0.51 3 1.15

45.37 3 101.67

s

0.29

0.28

36.83

0.17

0.39

P

< .3

< .6 > .5

< .8 > .7

< .1 > .05

< . 6 > . 5

Duration of run (minutes) 3 101.67 34.03 < .1



Table 3. Comparison of day and night tide heights and duration of the grunion runs following the 
full moon phase. —  Continued.

No. of 
run in 
series

Night Day
Observations N X s N X s p

3 Vertical drop in tide 
at start of run (meters) 1 0.00 2 • 0.15 0.13 _

Vertical drop in tide 
at end of run (meters) 1 0.61 - 2 0.26 0.37 -

Duration of run (minutes) 1 48.00 - 2 39.50 54.45 -

4 Vertical drop in tide 
at start of run (meters) 1 0.00 - - - - -

Vertical drop in tide 
at end of run (meters) 1 0.85 - - - - -

Duration of run (minutes) 1 95.00 - - - - -



Table 4. Comparison of day and night Gulf grunion runs. —  Values include the mean (x) +_ one 
standard deviation (s). N = total number of grunion spawning runs observed. P = 
probability from Student's t test. From Thomson and Muench (1976).

Night Day
PN X s N X s

Days after moon phase
to high tide pre •
ceding each run 28 3.67 0.88 25 3.78 0.58 < .7 > .6

Height of high tide* 28 3.79 m 0.54 m 25 3.82 m 0.31 m < .9 > .8
preceding each run (12.45 ft) (1.78 ft) (12.54 ft) (1.00 ft)

Height of tide at 20 3.73 m 0.59 m 21 3.61 m 0.26 m < .4 > .3
start of each run (12.23 ft) (1.95 ft) (11.83 ft) (0.84 ft)

Height of tide at end 20 3.10 m 0.72 m 18 2.86 m 0.34 m < .3 > .2
of each run (10.18 ft) (2.35 ft) (9.39 ft) (1.11 ft)

Duration of run 21 82.52 34.11 17 79.65 32.83 < .8 > .7
(minutes) (1 hr, 22.5 min) (1 hr, 19. 7 min)

*A11 tide heights taken from predicted tide curves for 1Puerto Penasco (Thomson , 1968-1973).



Table 5. Comparison of Gulf grunion runs following moon phases. Values include the mean (x) +_ one
standard deviation (s). N = total number of observations. P = probability from Student's
t test. From Thomson and Muench (1976).

New moon Full moon
N X s N X s P

HHW maximum after moon 
phase (1970-1973)*

20 5.34 m 
(17.52 ft)

0.28 m 
(0.92 ft)

20 4.86 m 
(15.94 ft)

0.19 m 
(0.62 ft)

< .001

No. of high tides after 
moon phase at start of 
each run 27 8.15 1.43 26 6.92 1.29 < .01 > .001

Days after moon phase to 
high tide preceding each 
run 27 . 4.06 0.70 26 3.36 0.64 < .001

Height of high tide pre
ceding each run

27 3.67 m 
(12.05 ft)

0.53 m 
(1.74 ft)

26 3.95 m 
(12.95 ft)

0.27 m 
(0.90 ft)

< .05 > .02

Height of tide at start of 
each run

22 3.56 m 
(11.68 ft)

0.56 m 
(1.85 ft)

20 3.77 m 
(12.36 ft)

0.25 m 
(0.81 ft)

< .1 > .05

Height of tide at end of 
each run

21 2.86 m 
(9.38 ft)

0.37 m 
(1.23 ft)

17 2.97 m 
(9.74 ft)

0.45 m 
(1.46 ft)

< .5 > .4

Duration of run (minutes) 19 82.05 33.76 17 77.41 33.60 < .7 > .6
(1 hr, 22.1 min) (1 hr, 17.4 min)

*Maximum high tide heights from Estacion Puerto Perl asco in Tablas de Prediccion de Marcas 1970 to 
1973, Apendice I, Part B, de los Anales del Institute de Geofisica, U.N.A.M., Vols. 15, 16, 17, and 
18. Other tide heights taken from tide curves for Puerto Pefiasco (Thomson, 1968-1973).
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79.7 minutes for day runs. However, this difference is not statistically 

different. Most runs occur at night (61%) and the majority of the 

spawning season is during night high tides.

Run Series

A complete series of data on all run series in a season and runs 

within the series defines the timing and relationships of the runs. The 

many observations made during 1968 through 1973 are summarized in 

Appendix E. Dates and times of observed runs, times of high tide and the 

intensity of each run is listed. Observations when runs did not occur 

are listed in Appendix E.

The grunion, in almost all instances, spawn 2 to 3 times each 

moon phase or fortnight. This occurs over a series of descending high 

tides with the highest tide every 24-hour cycle being the one selected 

for spawning. The selection by the grunion for tide height in both the 

beginning of and the ending of spawning is shown in Tables 2 and 3 for 

each moon phase. This also shows the sequence of runs in both the night 

and day series. All comparisons made between night and day runs show no 

significance (Table 4).

When all the data are summarized and compared for day versus 

night (Table 4) and the moon phases (Table 5), tide height at the start 

and end of the run is not significantly different. Therefore, the 

grunion appear to time their runs (start-finish) according to tidal 

heights.
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Timing of Run Series

Walker's (1949) scheme, relating the timing of runs to moon 

phases, predicts runs beginning 2.5 days after a new moon and 4 days 

after a full moon (Fig. 23). This demands a 17.9-day egg maturation 

period since it correlates with the short and long intervals between new 

and full moon (14 days), and full and new moon (15.5 days). The timing 

of Gulf grunion runs to the moon phases is almost opposite to that pre

dicted by Walker for California grunion.

The runs were analyzed for both the number of high tides and days 

following the moon phases for each run series and runs in the series.

Day and night differences for each run series and runs in the series were 

tested.

The number of high tides following the new moon phase for the 

first night run averaged 7.00 and 7.33 for the day run (Table 6). A 

comparison between night and day runs (Table 6) showed no significant 

difference for each run in the series. Data for full moon phase runs 

showed an average of 5.60 high tides for the first night run and 6.50 for 

the first day run (Table 7). A comparison for the difference between 

night and day runs following the full moon phase showed no statistical 

significance (Table 7). Since no difference between day and night runs 

was shown, runs following both full and new moon phases were compared and 

significant differences appeared between full and new moon runs (see 

Table 5).

The mean number of days after the new moon phase for all runs 

during the study was 4.06 days (Table 5), and the mean for day runs was



Full n  New m  z 
M oon^ M o o n * ^ c i cr r
Intervals between

moon phases

Period of egg 
development

■ ■ M M  I 7 , 9  mmmm m  | /,g  mmmmm

Intervals between
spawnings

Moon phase to 
spawning 2 .5 -* 4 -* 2 .5 * 4 - * 2 .5 *

23. Scheme representing the time relations that are basic to the hypothesis that the 
spawning times of the California grunion depend upon the initiation of egg (or 
sperm) development at the time of the moon phases and on a constant period of 
development. —  From Walker (1949). All intervals in days.
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Table 6. Comparison of the number of high tides following the 
new moon phase for_each run in a series. —  Values 
include the mean (x) +_ one standard deviation (s).
N = total, number of grunion spawning runs observed.
P = probability from Student’s t test. .

No. of 
run in 
series

Night Day
N X s N X s p

1 7 . 7.00 1.53 3 7.33 0.58 < .8 > .7

2 4 8.25 0.96 5 8.00 0.71 < .7 > .6

3 3 8.67 0.58 3 9.33 0.58 < .2 > .1

4 2 10.50 0.71

Table 7. Comparison of the number of high tides following the 
full moon phase for̂  each run in a series. —  Values 
include the mean (x) +_one standard deviation (s).
N = total number of grunion spawning runs observed.
P = probability from Student's t test.

No. of 
run in 
series

Night Day
PN X s N X s

1 5 5.60 1.14 6 6.50 1.05 < .2

2 4 6.50 0.58 6 7.83 1.17 < .1 > .05

3 1 8.00 2 7.50 0.71

4 1 8.00
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4.10 days and night runs was 4.04 days. The mean for all runs after the 

full moon phase was 3.36 days (Table 5), with the mean for day runs 3.52 

and for night runs 3.17. When all runs are combined, the data are large 

enough to test the significance for all runs in each moon phase 

(Table 5). The difference is highly significant (P < 0.001).

Thus, after a full moon. Gulf grunion runs start and reach their 

peak earlier than runs following a new moon. Full moon runs usually 

begin about 3 days after the moon phase and new moon runs begin about 4 

days after the moon phase. The mean difference in days between new and 

full moon runs is 0.7 days (1.23 high tides). Does this timing permit a 

uniform egg maturation period to be set by the second preceding moon 

phase, as Walker (1952) suggested for L̂. tenuis? 1̂. Bardina*s runs show 

a mean 19.5-day interval after a full moon and a 17.0-day interval after 

anew moon (extreme range 19.8 to 17.4). Therefore, it seems unlikely 

that the period of egg maturation is initiated at the moon phase in 

ly sardina (see Fig. 24).

The spawning rhythm of the Gulf grunion *s runs seems to be 

related to tide height rather than to moon phase per se. During the 

study period (January to May, 1968 to 1973), new moon tides were signifi

cantly higher than full moon tides (Table 5). Thus, if grunion are 

selecting a tide height, new moon runs would be expected to occur later 

after the moon phase than full moon runs. However, mean tide heights at 

the start and end of new and full moon grunion runs were quite similar, 

differing only by 0.21 and 0.11, respectively (Table 5). Comparison of



Full n  New *  \  
Moon’̂ ' M oon* « c ( c t

Intervols between 
moon phoses

Period of egg 
development (?) . 17.0 — •  17.0 —

Intervols between 
spownlngs

Moon phose to 
spownlng 4 3 * ' 4 - * 3 - * 4 *

24. Scheme representing the time relationships for predicting the spawning time of the 
Gulf grunion. —  Modified after Walker (1952). The intervals are indicated by 
arrows with the number of days specified. Spawning of the grunion occurs 4 days 
after the new moon and 3 days after the full moon.
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tide heights between night and day runs showed no significant differences 

and showed stronger agreement between the means (Table 4).

The data suggest that the stimulus for initiating a run at El 

Golfo is a descending high tide of a certain tidal amplitude. Runs 

occurred at tide heights ranging from +4.4 to +2.2 m, but were more fre

quently at heights between +4 and +3.4 m. The shift from night to day 

runs corresponding with the shift in the time of the daily higher high 

tide strongly suggests that 1̂. sardina is responding to tides directly 

rather than the moon phase.

Prediction of Gulf Grunion Runs

The regularity of Gulf grunion spawning runs make run predictions 

possible. Predictions at the beginning of the study were based on 

Walker's (1949) work. After a couple of years, the basic pattern of the 

spawning runs emerged and was used successfully since. More accurate 

predictions can be made now for selecting the best time to observe the 

Gulf grunion spawning.

The precise data make a forecast possible for the start and mid

point of a run series. The runs can be predicted by using the scheme in 

Figure 24, the data in Tables 4 and 5, and the moon and tide predictions 

published annually in the Tide Calendar for the Northern Gulf of 

California (D. A. Thomson, University of Arizona). The time of the moon 

phase should be used to the nearest hour or tenth of a day; Runs can be 

expected either 3 days after the full moon or 4 days after the new moon 

phase, and on the preceding and following days. The average number of 

runs in a series is 2.44; thus, three runs can usually be expected each
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fortnight. The tide calendar is useful for timing the run as the average 

full moon tide height is 13.2 ft and new moon tide height is 12.0 ft, 

with an average of 12.5 ft for the start of a run. The runs usually end 

when the tide is 6 to 7 ft above mean sea level. Using this scheme, 

grunion runs were predicted successfully for the past 5 years.

Conservation of the Gulf Grunion

Gulf grunion are not an important commercial resource. There is 

no fishery for grunion in Mexico. Spawning grunion are caught by sport 

fishermen (Fig. 25) for consumption and for bait, but in limited 

quantities. The uniqueness of the grunion is their fascinating spawning 

behavior. This esthetic pleasure of watching grunion runs is well-known 

to the many tourists,who visit the San Felipe and El Golfo regions. How

ever, because of its specialized spawning behavior, the grunion is 

especially vulnerable to human predation and disturbance of spawning 

grounds.

Continued unlimited capture of the fish might reduce the popula

tions at selected spawning areas to a possible critical level. The eggs 

of the grunion seem to suffer from the erosion of the beach caused by the 

beach buggies and trucks that plow up, crush, or disturb the eggs 

(Fig. 26). At night, these same buggies are parked with their lights 

shining on the spawning fish. The grunion lose their orientation and are 

phototactily drawn to the lights (Fig. 27). These fish are found in 

large numbers on the beach the next day.

The State of California recognized early that their grunion 

needed protection (Thompson and Thompson, 1919; Clark, 1925; Walker,



Fig. 25. Fisherman capturing grunion during a day run. —  (1) This photo shows a middle-of- 
the-week day run with several Mexican fishermen attempting to capture gunny sacks 
full of the fish (which can be seen in the upper left background). (2) The soft
sand in the foreground shows how deep the footprints are sunk into the sand. These 
depressions are at least to the depth that the newly spawned eggs have been 
deposited. The circles on the photo indicate at least thirteen spawning occur
rences within a few yards. In this instance, there is minimal surf and the fish 
are staying in the wash on the beach. The wash also seems to be cutting and 
eroding away the section of beach or the slope in which the fish are spawning. It 
is uncertain at this time whether or not these eggs will be washed out.



Fig. 25. Fisherman capturing grunion during a day run.



Fig. 25. Overlay

Fig. 25. Fisherman capturing grunion during a day run.



Fig. 26. Tire tracks on a grunion spawning beach. —  This is a section of the beach where
grunion have spawned. (1) Sea gulls may be seen along the water’s edge. (2) Tire 
tracks from dune buggies running up and down the beach cover areas where egg pods 
are buried. The depth of the tracks is sufficient to expose eggs that have not 
already been compacted or crushed by the weight of the vehicle.
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Fig. 27. Stranded grunion attracted by lights. —  These fish were drawn to a Coleman lantern, 
demonstrating the positive phototaxis that the grunion exhibit at night. An 
extremely strong beam of light will, in some cases, drive the fish away while they 
are in the water, but on the beach they seem to orient towards the light and lose 
the direction to the ocean. These fish were drawn approximately twelve feet up the 
wet sand surface away from the ocean. This is a problem in that many cars or dune 
buggies that observe the runs leave their lights on. This draws great numbers of 
fishes out of the water interface, where they either cannot return to the ocean or 
are crushed by the wheels of the vehicle as they drive off. It is interesting that 
most fish in this picture seem to be males.



Fig. 27. Stranded grunion attracted by lights.



1949). Regulation of the catch and closed seasons have proven to be 

effective in protecting the grunion. Run dates are published annually 

and the fish have survived in numbers suitable for observation and 

capture.

The fisheries and tourist bureau of Mexico should cooperate to 

protect the Gulf grunion. The driving of vehicles on the beach and the 

capture of grunion should be regulated during the grunion spawning 

season. This should be especially closely enforced along beaches close 

to towns such as El Golfo and San Felipe.

The need for regulation became apparent when Gulf grunion runs 

were predicted on the 1972 tide calendar for the northern Gulf of 

California. The calendar showed the times to observe the grunion 

spawning. Reports indicated that a large number of people interferred, 

captured, and harrassed the spawning grunion. Publishing of run dates 

was discontinued in an effort to protect the grunion.

The spawning of the Gulf grunion is a truly amazing sight. The 

fish may be easily approached and observed at the height of a run. This 

great natural phenomenon, the only one of its kind in the world, should 

be conserved for all to enjoy. There is an urgent need for laws pro

tecting this cultural and scientific resource.
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DISCUSSION AND CONCLUSIONS

Spawning Periodicity and Biological Clocks 

The reproductive periodicity in marine organisms has received 

much interest over the past few decades. Summaries of these investiga

tions have been published by Korringa (1947, 1957), Fingerman (1960), 

Menaker (1969), Still (1972), and Palmer (1974).

Periodicity in reproduction is found among many marine organisms 

in several variations. This may range from endemic spawners who breed 

once annually to those who breed all year round. Breeding seasons vary 

and within the breeding season a lunar or semi-lunar periodicity of 

spawning is detectable (Enright, 1963a; Hauenschild, 1960).

Cyclic development of the reproductive processes entails some 

means of matching the internal cycle to the changing environment. This, 

then, means that control of the sexual cycle is dependent on internal 

secretions, usually rhythmic, and these also tend to be inherent, i.e., 

they will continue for some time in the absence of external stimuli. The 

timing of the sexual cycle seems to be independent of the day to day 

vulgarities of the environment. The environment can be seen as a feed

back to the secretory rhythm (of higher vertebrates) that corrects the 

reproductive development or processes.

This can be visualized where change of day length or lunar photo

period seems to be the chief environmental factor influencing internal 

rhythms of secretions or reproductive behavior in the majority of
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vertebrate species (Bull, 1957; Pittendrigh, 1958; Woodhead, 1966). In 

fish, photoperiod and temperature appear to be regulators, but their 

importance varies (Fraenkel and Gunn, 1961; Woodhead, 1966).

The frequency of lunar or tidal periodicity may not be as common 

as was thought in early investigations (Pittendrigh, 1958; Menaker,

1969). There are, however, we11-documented examples of species displaying 

lunar or tidal periodicity from a wide variety of groups: Coelenterata-

Obelia geniculata, Annelida-Arenicola cristata (Japan), Polychaeta 

Platyneres dumerilii (Mediterranean), Mollusca-Mytilus edulis (Lammeli- 

branchia), Ostrea edulis, Pecten opercularis (these are both in the 

British Isles), Echinodermata-Centrechinus setosus (Red Sea), and 

Vertebrata (Actinoptergii) -Leuresthes tenuis, L̂. sardina (Pacific coast, 

North America).

The mollusks and echinoderms tend to show rhythmic development of 

the gonads associated with spawning periodicity. The Gulf grunion which 

spawns after each moon phase during the breeding season from January to 

May appears to have a distinct ovarian cycle with a fresh batch of eggs 

maturing on each occasion. Marine amphipods also show a tidal or lunar 

rhythm (Enright, 1963a, 1963b, 1965a, 1965b).

In the case of the marine polychaete, Platyneres dumerilii, 

photoperiod has been convincingly demonstrated as a triggering device.

It has been shown that the reproductive rhythm is endogenous to the 

extent that periodicity can be maintained by exposing cultures kept 

normally under 12 hours of illumination and 12 hours of darkness each 

day, to one period of two days of continuous illumination every two to
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three months (Hauenschild, 1960). This would explain how, under natural 

conditions, such a rhythm can be maintained in the event of heavy cloud 

obscuring the moon during a full moon period. The same activity may be 

seen with the fiddler crab, Uca crenulata (Honegger, 1973).

Endogenous tidal rhythmicity is also shown in the pycnogonid 

Nymphon gracile (Isaac and Jarvis, 1973), and behavioral or tidal rhythms 

in prawns (Rodriguez and Naylor, 1972). Tidal and circadian activity 

rhythms have been shown in juvenile plaice, Pleuronectes platessa 

(Gibson, 1973).

The tidal periodicity of the grunion is very unique in the world 

of fish. Only one other species closely approximates the beach spawning 

of the grunion. This species is the capelin, Mailotus villosus, found in 

the northern regions of the Atlantic and Pacific. Its behavior is of 

interest as tides seem to influence its spawning behavior. The following 

is an account by Winters (1969, p. 97):

Capelin are highly specific with regard to the conditions 
required for spawning. They may either be beach spawners or 
demersal spawners. The beach-spawning capelin as found along 
the beaches of the Newfoundland coast in June-July have a very 
narrow spawning temperature (5.5°-8.50C); they must have the 
correct-size pebbles (0.5-2.5 cm); they require overcast condi
tions and diminished light intensity; the tides are. important in 
that they determine the size of pebbles which are exposed.

The spawning act as exhibited in beach spawning capelin is 
performed in the following manner. Generally one female is con
fined between two males in the groove formed by the ventral and 
dorsal spawning ridges and the enlarged, projecting fins of the 
males.

Masses of capelin are deposited on the beach by the onrush 
of a wave and the recession of the wave causes the capelin to 
change direction and now face the beach swimming against the 
receding water. The spawning contact is then made as the female
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is positioned into the hollow formed between the two males. The 
triplet or pair then carry out violent wriggling motions which 
scoop out a hollow into the sand into which are deposited the 
eggs of the female (up to 60,000) mantled by the milt of the 
male(s). After separating there is a few seconds respite before 
the next wave comes in, and if they are fortunate they will be 
carried back into the sea again. Many fail to regain the water 
and become stranded on the beach and die. When beach spawning 
is completed spawning may continue in the deeper waters near 
shore for those fish which failed to spawn during the regular 
period. In the Strait of Georgia spawning occurs in late 
September and October on the sandy beaches at maximum high tide 
in temperatures between 10o-ll°C. The adhesive eggs are buried 
in the sand.

Spawning Behavior of the Gulf Grunion

The spawning of grunion, especially during heavy runs, appears to 

be confused and random. However, closer examination reveals a definite 

pattern to the spawning behavior. A male stimulus to the female appears 

necessary (with rare exceptions) to cause the female to begin digging 

into the sand. A rapid bumping of the females operculum by the male 

causes the female to erect, which in turn stimulates the male(s) to 

encircle the female. This bumping by the male was filmed and tested for 

both species of grunion. Previous to this, it was thought that the 

female just dug into the sand, although it was known that the male 

responds to an upright moving object (Crane, 1969).

The striking difference in the duration of the spawning act 

between L. sardina and U  tenuis probably did not evolve because of 

increased predation pressure on daytime spawning grunion. It seems more 

likely that the accelerated spawning of !L. sardina is an adaptation to 

the short period waves typical of northern Gulf of California beaches 

(there is no difference in the duration of the spawning act between
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daytime and nighttime runs). Unless the eggs are fertilized and depos

ited in the sand very quickly (within a few seconds) the spawning act is 

apt to be interrupted by an oncoming wave and any eggs laid would likely 

be washed out as well (Thomson and Muench, 1976). Also, the Gulf grunion 

do not dig into the sand as deeply as do the California grunion. 

Furthermore, these short period, low amplitude waves do not carry the 

grunion as far up on the beach as does the longer period surf along the 

unprotected Pacific coast, so spawning Gulf grunion are usually in the 

wave wash zone not far from the surf.

Thus, the spawning behavior of the Gulf grunion appears to be 

well adapted for the sea wave regimes of the upper Gulf of California.

The switch from nighttime to daytime spawning corresponds with 

the shift in the higher high tide from night to day. This finding sug

gests that Gulf grunion spawning runs are strongly influenced by tidal 

amplitude. Such a shift in the daily higher high tide does not occur on 

the Pacific coast. Consequently, the California grunion spawns only at 

night, following the consistent Pacific coast pattern of the higher high 

tide occurring only at night during the spawning season. Comparison of 

the heights of the high tide at the beginning, mid-point, and end of a 

run showed no statistical difference between tide heights of night, day, 

new, and full moon spawning runs. However, it is not known how the Gulf 

grunion is able to judge the proper tidal heights as the schools approach 

the beach (Thomson and Muench, 1976).
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Timing and Prediction

The Gulf grunion is precise in timing the start and end of its 

runs. At El Golfo, tide height to within +_ 0.5 m is selected by the 

spawning grunion. This allows the depositing of the eggs when the 

eroding sand has reached its greatest extent and in a beach region which 

would not be covered by the succeeding tides. Eggs laid during a flood 

tide would be washed out by the same tide, whereas eggs laid 2 or 3 hours 

after the tide had ebbed would have been washed out by the succeeding 

tide. Their timing is fairly precise, however difficult it may be to 

explain the exquisite nicety of this adaptation. The eggs of grunion are 

laid at time which keep them from being eroded prematurely from the sand, 

thus insuring undisturbed incubation.

In addition, one may wonder why the grunion do not use the 

highest of the tides each lunar series. Egg development takes 9-11 days 

and then the embryos are ready for hatching, stimulated by the next 

ascending tidal cycle that wash them from the sand and trigger hatching. 

The explanation may be that these highest tides might not be reached for 

a month or more by following tides, and only then in a fashion where sand 

is being deposited. This would not allow the necessary erosion for 

digging the eggs out and hatching.

Prediction of the runs based on the timing of the tides exhibited 

by the Gulf grunion has been shown to be fairly precise. The author 

feels convinced that the causal relations operate through the rhythm of 

the tidal cycle. Walker (1949) thought that the lunar phases were more 

critical, but he was limited in that the California grunion do not have a
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shift in the tide to daytime higher tides. Thus, the Gulf grunion is the 

one species that truly demonstrates a tidal relationship in its reproduc

tive behavior. Obviously, the Gulf grunion perceive the short tidal 

rhythm and the springs and neaps. Their spawning periodicity should be 

called a tidal periodicity rather than a lunar periodicity. These rela

tionships have been shown to be statistically significant in the 

following of the tidal cycles and the transition from night to day 

spawning.

't
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TIDE HEIGHTS AND TIMES OF NIGHT GRUNION

RUNS AFTER NEW MOON PHASE
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Date

No. of 
run in 
series

Time
Duration
(min)

Tide height
Tide dropHigh tide* Start run End runHigh

tide
Start
run

End
run (m) (ft) (m) (ft) (m) (ft) (m) (ft)

3-2-68 1 0326 0500 0530 30 3.90 12.8 3.20 10.5 2.75 9.0 0.46 1.5
3-21-69 1 0318 0305 0430 85 3.66 12.0 3.54 11.6 2.14 7.0 1.40 4.6
2-11-70 1 0458 0530 — — 3.20 10.5 2.59 8.5
1-29-71 1 0335 0400 0500 60 4.88 16.0 4.73 15.5 4.27 14.0 0.46 1.5
2-28-71 1 0339 0400 0535 95 4.27 14.0 4.27 14.0 3.00 10.5 1.07 3.5
2-18-72 1 0349 0315 0520 125 4.12 13.5 4.09 13.4 — — 0.92 3.0
3-8-73 1 0332 — — — 3.97 13.0 -- — 3.05 10.0 —  - —

3-11-70 2 0349 0315 0515 120 3.72 12.2 3.60 11.8 2.50 8.2 0.55 1.8
4-10-70 2 0339 0410 0435 25 2.75 9.0 2.75 9.0 3.73 12.2 0.24 8.0
1-30-71 2 0412 0400 0540 130 4.42 14.5 4.39 14.4 2.59 8.5 0.67 2.2
2-19-72 2 0422 0420 0600 100 3.60 11.8 3.57 11.5 2.59 8.5 0.92 3.0
3-22-69 3 0335 0545 0645 60 3.14 10.3 3.05 10.0 2.44 8.0 0.61 2.0
3-1-71 3 0410 0445 0625 100 3.66 12.0 3.66 12.0 2.75 9.0 0.92 3.0
3-9-73 3 0400 — — — 3.36 11.0
3-12-70 4 0411 0340 0530 110 3.11 10.2 3.05 10.0 2.44 8.0 0.61 2.0
4-11-70 4 0353 0420 0545 85 2.38 7.8 2.23 7.3 1.98 6.5 0.24 0.8

*High tide heights from tide calendar (Thomson, 1968-1973)
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TIDE HEIGHTS AND TIMES OF NIGHT GRUNION

RUNS AFTER FULL MOON PHASE
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Date

No. o f  
run in 
series

Time
Duration
(min)

Tide height
Tide dropHigh tide Start run End runHigh

tide
Start
run

End
run (m) (ft) (m) (ft) (m) (ft) (m) (ft)

3-17-68 1 0318 0400 0500 60 4.33 14.2 3.97 13.0 2.44 8.0 1.53 5.0

2-5-69 1 0331 — — — 4.21 13.8

3—6—69 1 0301 0310 0400 50 4.27 14.0 4.27 14.0 3.97 13.0 0.31 1.0

1-24—70 1 0301 0400 0450 50 4.27 14.0 3.97 13.0 3.14 10.3 0.82 2.7

2-20-73 1 0331 — — — 4.12 13.5

3-22-73 1 0317 — — — 3.51 11.5

3-7-69 2 0328 0315 0545 150 3.97 13.0 3.97 13.0 2.44 8.0 1.53 5.0

1-25-70 2 0326 0330 0505 95 4.12 13.5 4.12 13.5 3.51 11.5 0.61 2.0

2-24-70 2 0320 0410 — — — — 3.97 13.0 3.81 12.5

3-26-70 2 0309 0325 0425 60 3.66 12.0 3.60 11.8 2.90 9.5 0.70 2.3

1-26-70 3 0350 0412 0450 48 3.97 13.0 3.97 13.0 3.36 11.0 0.61 2.0

2-25-70 4 0341 0310 0445 95 3.75 12.3 3.75 12.3 2.90 9.5 0.81 2.8

'vjin
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Tide height

Date

No. of 
run in 
series

High
tide

Start
run

End
run

Duration
(min)

High tide Start run End run Tide drop
(m) (ft) (m) (ft) (m) (ft) (m) (ft)

4—1—68 1 1542 1630 — — — 3.66 12.0 3.36 11.0 — — — —

4-9-70 1 1607 1710 1804 54 3.81 12.5 3.66 12.0 3.05 10.0 0.61 2.0

4-6-73 1 1557 1620 1750 90 4.18 13.7 3.97 13.0 3.13 10.3 0.82 2.7

3-2-68 2 1541 1630 1745 75 3.66 12.0 3.36 11.0 2.59 8.5 0.76 2.5

3-21-69 2 1551 1645 1830 105 3.66 12.0 3.51 11.5 2.50 8.2 1.01 3.3

2-28-71 2 1607 1715 1800 45 4.27 14.0 3.97 13.0 3.05 10.0 0.92 3.0

3-8-73 2 1606 1640 — — — 3.97 13.0 3.66 12.0• — - — — —

4-7-73 2 1649 1635 1837 122 3.63 11.9 3.60 11.8 3.05 10.0 0.55 1.8

3-11-70 3 1629 1810 1845 35 3.81 12.5 3.05 10.0 2.75 9.0 0.31 1.0

4—10—70 3 1648 1610 1810 120 3.14 10.3 3.14 10.3 2.90 9.5 0.24 0.8

5-9-70 3 1635 3.36 11.0

<1"4



APPENDIX D
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Date

No. of 
n m  in 
series

Time
Duration
(min)

Tide height
Tide dropHigh tide Start run End runHigh

tide
Start
run

End
run (m) (ft) (m) (ft) 0") (ft) (m) (ft)

5-5-69 1 1627 1705 1840 95 3.90 12.8 3.90 12.8 3.36 11.0 0.55 1.8
2-23-70 1 1505 1620 1650 30 3.81 12.5 3.36 11.0 3.05 10.0 0.31 1.0
3-25-70 1 1514 1550 1735 10 4.11 13.5 3.72 12.2 2.90 9.5 0.82 2.7
4-24-70 1 1536 1600 — — 3.97 13.0 3.81 12.5
5-23-70 1 1539 1745 1815 45 4.33 14.2 3.66 12.0 2.75 9.0 0.92 3.0
4-20-73 1 1533 "  — — — 3.72 12.2
3-17-68 2 1546 1700 1815 75 4.24 13.9 4.24 13.9 2.44 8.0 1.53 5.0
4-5-69 1 1537 1645 — —  — 4.12 13.5 3.81 12.5 2.90 9.5 — —

4-25-70 2 1622 1630 1850 140 3.66 12.0 3.60 11.8 -- — 1.16 3.8
5-24-70 2 1634 1800 1930 90 4.12 13.5 3.66 12.0 -  — — 0.76 2.5
3-22-73 2 1550 — — — 3.60 11.8 — — 3.60 11.8 — —  -

4-21-73 2 1602 —  — — — 3.26 10.7 — — 2.90 9.5 — —

2-24-70 3 1534 1611 1612 1 3.75 12.3 3.60 11.8
3-26-70 3 •1545 1625 1743 78 3.81 12.5 3.42 11.2 —  ** —  — 0.52 1.7

to



APPENDIX E

SUMMARY OF ALL DATA ON GULF GRUNION RUNS AT EL GOLFO DE 

SANTA CLARA, SONORA, MEXICO, FROM 1968 TO 1973 USED 

IN COMPUTING THE MEAN VALUES IN TABLES 4 AND 5

All times are given in Mountain Standard Time. Times and heights 

of high tides were taken from tide tables and tide calendars for Puerto 

Penasco, Sonora. Number of high tides and days after the moon phases 

were calculated from the astronomical times of the full or new moon 

phases to the predicted times of high tides preceding the observations. 

Run intensities were determined by estimating the number of fish along a 

30-meter stretch of beach: light (a few to hundreds of fish); moderate

(several hundred to a few thousand fish); and heavy (over ten thousand 

fish). Durations of runs span the time when fish were first observed on 

the beach to when all fish have left.
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Date

Time
of

high
tide

Height of 
high tide Moon

phase

No. of 
high tides 

after 
moon phase

No. of 
days after 
moon phase

Run series Duration 
- of run

(ft) (m) No. Intensity (min)

3-1-68 0305 14.0 4.27 new 5 2.14 none
3-1-68 1517 12.5 3.81 new 6 2.65 none —  — —

3-2-68 0326 12.8 3.90 new 7 3.15 1 heavy 30
3-2-68 1541 12.0 3.66 new 8 3.66 2 moderate 75
3-16-68 0247 15.2 4.63 full 3 1.62 none —  — —  —

3-16-68 1508 15.3 4.66 full 4 2.14 none —  — —  —

3-17-68 0318 14.2 4.33 full 5 2.64 1 light 60
3-17-68 1546 13.9 4.24 full 6 3.16 2 heavy 75
4—1—68 1542 12.0 3.66 new 7 4.00 — light —

5-30-68 0248 10.0 3.05 new 7 3.09 none —  — —  —

5-30-68 1552 12.2 3.72 new 8 3.64 none — —  —

5-31-68 0319 9.2 2.80 new 9 4.12 none — —  —

2-5-69 0331 13.8 4.21 full 6 2.39 — heavy -  -

2-5-69 1535 11.7 3.57 full 7 2.90 none — —

2-6-69 0359 13.0 3.96 full 8 3.41 none — —

2-6-69 1611 11.0 3.35 full 9 3.92 none — —

2-7-69 0428 12.0 3.66 full 10 4.43 none — —

2-7-69 1651 10.2 3.11 full 11 4.95 none — —

2-8-69 0456 10.0 3.05 full 12 5.54 none — —

2—8—69 1741 9.0 2.74 full 13 5.98 none — —

3-5-69 1446 13.3 4.05 full 4 1.69 none — —

3-6-69 0301 14.0 4.27 full 5 2.20 1 heavy 50
3-6-69 1519 13.2 4.02 full 6 2.71 none — - -

3-7-69 0328 13.0 3.96 full 7 3.22 2 heavy 150
3-7-69 1552 12.2 3.72 full 8 3.73 none — —

3-8-69 0352 11.8 3.60 full 9 4.23 none — —

3-20-69 1523 13.0 3.92 new 6 2.73 none — —

3-21-69 0318 12.0 3.66 new 7 3.87 1 light 85



Date

Time
of

high
tide

Height of 
high tide Moon

phase

No. of 
high tides 

after 
moon phase

No. of 
days after 
moon phase

Run series Duration 
of run 
(min)(ft) (m) No. Intensity

3-21-69 1551 12.0 3.66 new 8 4.39 2 light 105
3-22-69 0335 10.3 3.14 new 9 4.88 3 light 60
4-4-69 1500 14.2 4.33 full 5 2.47 none . —  — —  —

4-5-69 0257 12.2 3.72 full 6 2.97 none — —  —

4-5-69 1537 13.5 4.11 full 7 3.49 1 light 50
5-5-69 1627 12.8 3.90 full 8 3.79 — run reported 95
1-24-70 0301 14.0 4.27 full 4 2.38 1 moderate 50
1—24—70 1453 11.6 3.54 full 5 3.00 none — —  -

1-25-70 0326 13.5 4.11 full 6 3.52 2 heavy 95
1-25-70 1523 10.7 3.26 full 7 4.02 none —  — —  —

1-26-70 0350 13.0 3.96 full 8 4.54 3 moderate 48
1-26-70 1553 10.7 3.26 full 9 5.04 none — —

1-27-70 0417 12.0 3.66 full 10 5.56 none — —

2-10-70 0430 12.8 3.90 new 9 4.18 none —  — —  —

2-10-70 1659 11.5 3.51 new 10 4.70 none —  — —  —

2-11-70 0458 10.5 3.20 new 11 5.20 1 moderate —

2-22-70 1438 13.0 3.96 full 4 1.60 none —  - —

2-23-70 0256 14.0 4.27 full 5 2.11 none —  - —

2-23-70 1505 12.5 3.81 full 6 2.62 1 moderate 30
2-24-70 0320 13.0 3.96 full 7 3.13 2 moderate —  —

2-24-70 1534 12.3 3.75 full 8 3.64 3 very light 1
2-25-70 0341 12.3 3.75 full 9 4.14 4 heavy 95
2-25-70 1604 11.5 3.51 full 10 4.66 none —- —

3-10-70 0323 14.0 4.27 new 6 3.06 none - - —

3-10-70 1550 14.0 4.27 new 7 3.57 none —  — —

3-11-70 0349 12.2 3.72 new 8 4.07 2 heavy 120
3-11-70 1629 12.5 3.81 new 9 4.60 3 light 35
3-12-70 0411 10.2 3.11 new 10 5.09 4 heavy 110



Date

Time
of

high
tide

Height of 
high tide Moon

phase

No. of 
high tides 

after
moon phase

No. of 
days after 
moon phase

Run series Duration 
of run 
(min)(ft) (m) No. Intensity

3-12-70 1709 10.2 3.11 new 11 5.63 none „

3-25-70 0247 13.0 3.96 full 5 2.33 none — —  —

3-25-70 1514 13.5 4.11 full 6 2.85 1 moderate 105
3-26-70 0309 12.0 3.66 full 7 3.44 2 heavy 60
3-26-70 1545 12.5 3.81 full 8 3.87 3 moderate 78
3-27-70 0331 11.0 3.35 full 9 4.36 none —  — —  —

3-27-70 1621 11.5 3.51 full 10 4.89 none —  — —  —

4—6—70 1418 16.0 4.88 new 2 0.71 none —  — —  —

4—7—70 0220 14.2 4.33 new 3 1.22 none —  — —

4-7-70 1454 15.6 4.75 new 4 1.74 none —  — —

4—8—70 0249 12.8 3.90 new 5 2.24 none —  — —  —

4-8-70 1531 14.3 4.36 new 6 2.77 none —  — —  —

4-9—70 0317 11.0 3.35 new 7 3.26 none —  — —

4-9-70 1607 12.5 3.81 new 8 3.79 1 heavy 54
4-10-70 0339 9.0 2.74 new 9 4.26 2 moderate 25
4-10-70 1648 10.3 3.14 new 10 4.82 3 heavy 120
4-11-70 0353 7.8 2.38 new 11 5.28 4 light 85
4-11-70 1743 8.8 2.68 new 12 5.86 none —  — —

4-23-70 0218 12.2 3.72 full 4 1.71 none — —

4-23-70 1459 14.2 4.33 full 5 2.25 none —  — —  —

4-24-70 0244 11.2 3.41 full 6 2.71 none —  — —

4-24-70 1536 13.0 3.96 full 7 3.26 1 moderate —  —

4-25-70 0314 10.0 3.05 full 8 3.75 none — -  —

4-25-70 1622 12.0 3.66 full 9 4.29 2 heavy 140
5-9-70 1635 11.0 3.35 new 9 4.36 — — heavy —

5-23-70 1539 14.2 4.33 full 6 2.79 i light 45
5-24-70 0321 10.5 3.20 full 7 3.28 none —

5-24-70 1634 13.5 4.11 full 8 3.83 2 light 90



Date

Time
of

high
tide

Height of 
high tide Moon

phase

No. of 
high tides 

after
moon phase

No. of 
. days after 
moon phase

Run series Duration 
of run 
(min)(ft) (m) No. Intensity

1-28-71 1502 14.0 4.27 new 4 1.96 none
1-29-71 0335 16.0 4.88 new 5 2.47 1 heavy 60
1-29-71 1545 13.5 4.11 new 6 2.99 none —  — —  —

1-30-71 0412 14.5 4.42 new 7 3.51 2 heavy 130
1-30-71 1631 12.3 3.75 new 8 4.02 none — -  —

1-31-71 0447 12.5 3.81 new 9 4.54 none —  — -  —

2-26-71 1447 15.5 4.72 new 3 1.50 none — —  —

2-27-71 0306 16.0 4.88 new 4 2.00 none — —  —

2-27-71 1528 14.8 4.51 new 5 2.52 none — —  —

2-28-71 0339 14.0 4.27 new 6 3.02 1 moderate 95
2-28-71 1607 14.0 4.27 new 7 3.55 2 light 45
3-1-71 0410 12.0 3.66 new 8 4.05 3 moderate 100
3-1-71 1652 12.0 3.66 new 9 4.58 none —  — —  —

2-17-72 1536 13.5 4.11 new 6 2.92 none — —

2-18-72 0349 13.5 4.11 new 7 3.43 1 light 125
2-18-72 1617 12.7 3.87 new 8 3.95 none —  — -  —

2-19-72 0422 11.7 3.57 new 9 4.45 2 moderate 100
2-19-73 1520 13.6 4.15 full 5 2.50 none — —  —

2-20-73 0331 13.7 4.18 full 6 3.02 1 heavy -  -

3-8-73 0332 13.0 3.96 new 7 3.43 1 heavy —

3-8-73 1606 13.0 3.96 new 8 3.96 2 light —

3-9-73 0400 11.0 3.35 new 9 4.45 3 light —

3-21-73 1524 13.5 4.11 full 6 2.95 none — -  —

3-22-73 0317 11.5 3.51 full 7 3.45 1 fisherman report —

3-22-73 1550 12.0 3.66 full 8 3.97 2 fisherman report —

4-6-73 1557 13.7 4.18 new 7 3.46 1 light 90
4-7-73 0344 10.3 3.14 new 8 3.95 none — —



Date

Time
of

high
tide

Height of 
high tide Moon

phase

No. of 
high tides 

after 
moon phase

No. of 
days after 
moon phase

Run series Duration 
- of run

(ft) (m) No. Intensity (min)

4-7-73 1649 11.9 3.63 new 9 4.50 2 moderate 122
4-20-73 1533 12.2 3.72 full 7 3.36 1 light —  —

4-21-73 0312 9.2 2.80 full 8 3.84 none —  — —  —

4-21-73 1602 10.7 3.26 full 9 4.38 2 moderate —  —

5-19-73 1519 12.2 3.72 full 6 2.72 none — —
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