837 Hagadorn Road

East Lansing, Michigan
48823

February 28, 1970

Dr. Robert Behnke
Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado
80521

Dear Dr. Behnke:

Here are the reprints on Menidia and I hope they
prove useful. Most of the material contained in the
papers from the Proceedings of the Oklahoma Academy of
Science was incorporated in my thesis, but I am sending
all three anyway.

Did you notice the paper in the recent AFS transac-

tions concerning the introduction of Menidia in Cali-
fornia? It seems they have had very good success so far,

I was sorry to hear that no positions in fisheries
are available this year in Colorado, but please notify
me if any openings do occur.

Sincerely yours,

(B, Prtrme_

James B., Mense
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ABSTRACT

A sSTUDY OF THE LIFE HISTORY, DISTRIBUTION, AND FORAGE VALUE OF THE MissiIssIPPI

SILVERSIDES, MENIDIA AUDENS, IN LAKE TEXOMA WAS CONDUCTED DURING 1965 aAND 1966. MEeENIDIA

WERE COLLECTED PREDOMINANTLY IN THE LITTORAL ZONE; A FEW WERE TAKEN IN THE LIMNETIC ZONE,
BUT ALWAYS WITHIN 5 FEET OF THE SURFACE. NO DIFFERENCES WERE DETECTED BETWEEN THE NIGHT

AND DAY CATCHES WITH THE ELECTRIC SHOCKER AND SEINE, AND IT APPEARED THAT MENIDIA DISPLAYED
NO DIURNAL MIGRATION TO AND FROM THE LITTORAL ZONE. ADULT MENIDIA WERE NEVER TAKEN AFTER
JuLy 31, AND THUS IT APPEARED THAT THEIR MAXIMUM LONGEVITY WAS ABOUT |6 MONTHS. UNISEXUAL
AGGREGATIONS OF MALES WERE FOUND IN THE LITTORAL ZONE DURING APRIL AND MAY, AND INDIRECT
EVIDENCE SUGGESTED THAT SPAWNING OCCURRED OVER AN EXTENDED PERIOD OF TIME, BEGINNING IN LATE
MARCH AND EXTENDING THROUGH MID-JuLY. MENIDIA APPEARED TO BE AN IMPORTANT FORAGE SPECIES
FOR PISCIVOROUS FISHES INHABITING THE LITTORAL AND SURFACE WATERS O0F LAKE TeExomA. THEY
REPRESENTED 78% OF 290 IDENTIFIABLE FISH TAKEN FROM STOMACHS OF YOUNG LARGEMOUTH BASS,

MICROPTERUS SALMOIDES, COLLECTED |IN ALl SEASONS OF THE YEAR, AND WERE FOUND IN 72% (O} (7 3 (il

STOMACHS CONTAINING IDENTIFIABLE FISH.

CHARLES R. GAsawaAy
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MENIDIA AUDENS HAY, IN LAKE TEXOMA

CHAPTER |

INTRODUCT | ON

THE MissiIssIPPI SILVERSIDES, MENIDIA AUDENS HAY, IS A FRESHWATER ATHERINID CLOSELY

RIESIEMBIHEIIN G HEMB R 0/0 KBRS HH U VIER SIEDIE ST LaBIDESTHES siccuLus CoPe. ADULTS OF THE TWO SPECIES

CAN BE READILY DISTINGUISHED BY THE SMALLER SCALES AND MORE PRONOUNCED BEAK OF THE BROOK

SHIEVERSIID ES /e

THE MIss1sSIPPI SILVERSIDES WAS FIRST COLLECTED IN OKLAHOMA IN 1949 FROM AN OVERFLOW

AREA OF THE RED RIVER IN BrYAN CouNTY (Moore AND Cross, 1950). THE FIRST SPECIMEN OF
MississIPPI SILVERSIDES FROM LAKE TEXOMA WAS COLLECTED BY BoNN IN 19533 BY 1959 IT HAD
BECOME ONE OF THE MOST ABUNDANT SPECIES IN THE LAKE AND APPARENTLY HAD REPLACED ITS CLOSE
RELATIVE, THE BROOK SILVERSIDES (Ricas AnND Bonn, 1959). HOWEVER, TWO ADULT BROOK SILVER-
SIDES WERE COLLECTED BY THE AUTHOR IN THE BuncomMBe CREEK ARM OF THE LAKE IN OcToBER, |96
INDICATING THAT A FEW SPECIMEINS STILL EXIST IN THE LAKE.

A HIsTORY OF THE MIssIssIPPI SILVERSIDES IN OKLAHOMA PRIOR TO 1959 wAS GIVEN BY
SaunDERS (1959), BUT AT LEAST TWO RANGE EXTENSIONS HAVE OCCURRED IN THE STATE SINCE THEN.
THE SPECIES HAS BEEN INTRODUCED INTO BOOMER LAKE NEAR STILLWATER, OKLAHOMA, AND IS APPARENT-
LY THRIVING, SINCE SEVERAL HUNDRED SPECIMENS WERE COLLECTED THERE IN FEBRUARY, 1966. AN
INTRODUCT ION WAS ALSO MADE INTO LAKE LAWTONKA NEAR LAwTON, OkLAHOMA (ALFRED HoOUSER,
PERSONAL COMMUNICATION), BUT THE PRESENT STATUS OF THE POPULATION THERE HAS NOT BEEN
DETERMINED.

THE NEARLY COMPLETE REPLACEMENT OF THE BROOK SILVERSIDES BY THE MISSISSIPPI SILVER-
SIDES IN LAKE TEXOMA SUGGESTS AN IMPORTANT BIOLOGICAL DIFFERENCE BETWEEN THE TWO SPECIES.
THIS DIFFERENCE REMAINS UNKNOWN, DESPITE THE EFFORTS OF SAUNDERS (LOC. CIT.), WHO COMPARED
THE FOOD HABITS OF THE TWO SPECIES. SAUNDERS FOUND LITTLE DIFFERENCE IN THEIR FOOD HABITS,
ALTHOUGH THE FOODS OF THE BROOK SILVERSIDES INDICATED THAT IT MAY FEED MORE COMMONLY AT
THE SURFACE THAN THE MISSISSIPPI SILVERSIDES.

IT IS INTERESTING, IN LIGHT OF THE NEAR REPLACEMENT OF THE BROOK SILVERSIDES BY THE
Miss1ss1PPI SILVERSIDES IN LAKE TEXOMA, THAT BOTH SPECIES ARE ABUNDANT AND APPARENTLY ABLE

TO EXIST TOGETHER IN ReeLFooT LAke (Baker, 1939).




Huess (1921) anp CaHN (1927) GAVE INFORMATION ON THE LIFE HISTORY OF THE BROOK SILVER-
SIDES, BUT LITTLE PUBL ISHED WORK IS AVAILABLE CONCERNING THE LIFE HISTORY OF THE MississIPPI
SILVERSIDES. COMPARISON OF THESE TWO CLOSELY RELATED SPECIES IS THEREFORE DIFFICULT. THE
PURPOSES OF THIS STUDY WERE TO LEARN AS MUCH AS POSSIBLE OF THE LIFE HISTORY OF THE Misslis-
SIPPI. SILVERSIDES, AND TO EVALUATE THE CONTRIBUTION OF THE MISS1SSIPP| SILVERSIDES AS

FORAGE FOR PISCIVOROUS FISHES IN LAKE TEXOMA.

CHAPTER “IF}
METHODS AND MATERIALS

CoLLECTIONS OF MISsISSIPPI SILVERSIDES WERE MADE IN EVERY MONTH FROM JuNE, 1965,
THROUGH AucusT, 1966, AND PRESERVED IN TEN PERCENT FORMALIN. ALL COLLECTIONS WERE MADE IN
THE BuNcomBE CREEK ARM OF LAKE TEXOMA, USING A SEINE, A BOOM-TYPE ELECTROFISHING DEVICE,

AN DS ATV BERITSIECA LeSiGETIL LS8 N BT ¢

SEINING WAS ACCOMPL ISHED USING A 20-Fo00T, |/8-INCH ACE MESH, STRAIGHT SEINE, WITH ONE

NIGHT HAUL AND ONE DAY HAUL BEING MADE AT EACH OF SIX STATIONS AT LEAST ONCE EACH MONTH,
FRoOM JUNE, 1965, THRoueH AucusT, 1966. CHOICE OF THESE SIX STATIONS WAS BASED ON DIFFER-
ENCES IN BOTTOM TYPE, VEGETATION,VAND WIND EXPOSURE. ~LOCATIONS OF THESE SIX STATIONS ARE
SHOWN IN Fig. |. STATION | FACED SOUTH, NEAR THE MOUTH OF THE BuNcoMBE CREEK ARM OF THE
LAKE, AND HAD A HARD CLAY BOTTOM WHICH WAS NEARLY DEVOID OF AQUATIC VEGETATION. STATION 2,
LOCATED ON THE WESTERN SHORE OF BuncomBe CREEK, HAD A HARD CLAY BOTTOM INTERSPERSED WITH
ROCKS, AND CONTAINED INUNDATED TERRESTRIAL SHRUBS DURING PERIODS OF HIGH WATER. STATION 3
WAS LOCATED ON THE EASTERN SHORE OF BunNcomBe CREEK, FACED NORTH, AND HAD A SANDY TO SILTY
BOTTOM WITH A LUXURIENT GROWTH OF CHARA.

STATIONS 4, 5, AND 6, LOCATED FARTHER UP THE BunNncoMBE CREEK ARM, ALL HAD PREDOMINANTLY
SILTY BOTTOMS. STATION 4 WAS LOCATED FAR BACK IN A COVE, FACED SOUTH, AND HAD A LUSH
GROWTH OF CHARA. STATION 6 ALSO HAD A THICK MAT OoF CHARA, AND BOTH STATIONS 4 AND 6 CON-
TAINED SOME INUNDATED TERRESTRIAL SHRUBS DURING PERIODS OF HIGH WATER. STATION 5 LACKED
VEGETATION OF ANY SORT.

WATER TEMPERATURE AND APPROXIMATE WIND DIRECTION AND VELOCITY AT EACH STATION WERE
RECORDED, BOTH NIGHT AND DAY, AND STARTING AND ENDING TIMES FOR BOTH NIGHT AND DAY SAMPL ING
PERIODS WERE ALSO RECORDED. A HELLIGE AQuA ANALYZER WAS USED TO MEASURE THE TURBIDITY OF

A WATER SAMPLE TAKEN FROM EACH STATION DURING THE DAY. STATIONS WERE SAMPLED IN NUMERICAL




BIOLOGICAL
/4 12 STATION
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ORDER UNTIL OCTOBER, WHEN THE SAMPLING ORDER WAS RANDOMIZED.

THERE DID NOT APPEAR TO BE ANY CONSISTENT DIFFERENCES BETWEEN THE TURBIDITIES OR
SURFACE WATER TEMPERATURES OF THE SIX STATIONS, ALTHOUGH THE SURFACE WATER TEMPERATURES
OF ALL STATIONS DROPPED DURING THE NIGHT IN ALL CASES.

FISH CAUGHT AT EACH OF THESE SIX STATIONS WERE PRESERVED IN SEPARATE GLASS JARS, WITH
NIGHT AND DAY SAMPLES ALSO KEPT SEPARATELY. UNTIL FEBRUARY, ONLY MissISsIPPI SILVERSIDES
WERE PRESERVED, BUT THEREAFTER ALL CAPTURED FISH WERE PRESERVED. A LABEL GIVING THE
STATION NUMBER, DATE, AND APPROXIMATE TIME OF CAPTURE WAS PLACED INSIDE EACH JAR; A SIMILAR
LABEL WAS LATER ATTACHED TO THE OUTSIDE FOR EASY REFERENCE.

COLLECTIONS ALSO WERE MADE WITH A 220-V, A-c, BOOM-TYPE ELECTRIC SHOCKER, DESCRIBED BY
Ming (1964), AT LEAST ONCE EACH MONTH FROM JANUARY THROUGH MAY. BOTH OPEN-WATER AND SHORE-
LINE SAMPLES WERE TAKEN, EACH DURING A 30-MINUTE SHOCKING PERIOD.

VERTICAL GILL NET SAMPLES WERE TAKEN DURING AucusT, SEPTEMBER, AND NoveEMBER, 1965.

THE NET MEASURED TEN FEET IN LENGTH AND TWENTY FEET IN DEPTH, RESEMBL ING AN ORDINARY GILL
NET TuRNED G =N R ies 2)s IT cONSISTED OF 3/8-INCH BAR MESH NETTING, HUNG ON A 1//2

BASIS ALONG LINES EXTENDING DOWN EACH SIDE. WOODEN DOWELS, TWO INCHES IN DIAMETER AND TEN

FEE R E NCERHA R WIER EOE RIFAIC E DISATCIRIOLS S SlHIFE T O RN DI BIC AR MEEO Bl ERSN EaTe THI1S ARRANGEMENT KEPT

THE NET SPREAD WHILE IT WAS FISHING., ANCHORS WERE ATTACHED AT THE ENDS OF THE BOTTOM
DOWEL, AND FIVE FLOATS WERE ATTACHED AT EQUAL INTERVALS ACROSS THE TOP DOWEL. MARKS WERE
MADE ACROSS THE NET AT DEPTH INTERVALS OF FOUR FEET SO THAT THE APPROXIMATE DEPTH OF
CAPTURE COULD BE RECORDED FOR EACH FISH TAKEN. WITH THIS NET, SAMPLES OF FISH COULD BE
TAKEN AT ONE LOCATION SIMULTANEOUSLY FROM THE SURFACE DOWN TO A DEPTH OF 20-FEET.

ToTAL COUNTS OF MENIDIA COLLECTED FROM EACH SEINING STATION. AND EACH SHOCKER COLLEC-
TION WERE MADE, AND TOTAL-LENGTHS AND WEIGHTS WERE MEASURED AND RECORDED FOR EACH FISH IN
SUBSAMPLES TAKEN FROM EACH COLLECTION., TOTAL COUNTS OF EACH SPECIES WERE MADE FOR EACH
SEINE COLLECTION TAKEN AFTER FEBRUARY, [966.

THE SCALE METHOD WAS USED IN AN ATTEMPT TO AGE MENIDIA, BUT WAS UNSATISFACTORY.
SCALES WERE TAKEN FROM AN AREA AT THE TIP OF THE PECTORAL FIN WHEN THAT FIN WAS PRESSED
BACK AGAINST THE SIDE OF THE BODY. OSCALES WERE MOUNTED BETWEEN MICROSL IDES AND EXAMINED
UNDER A 45X SCALE PROJECTOR. ALTHOUGH BOTH WET AND DRY MOUNTS OF SCALES TAKEN FROM FISH
COLLECTED IN EVERY MONTH OF THE YEAR WERE TRIED, NO DEFINITE ANNULI| WERE DETECTED.
SAUNDERS (LOC. CcIT.) EXAMINED MENIDIA SCALES FOR POSSIBLE ANNULUS FORMATION, BUT DID NOT

MESNESIRO NS SEREAN NI IS W E RIE 0, B SIE RV E DY
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SEX OF FISH GREATER THAN ABOUT 35 MM IN TOTAL~LENGTH WAS DETERMINED BY SUPERFICIAL

PDIEEERENCE S "I NETHETREGONADS o FEMALES WERE FOUND TO POSSESS MELANOPHORES ON THE OUTER
GONADAL SURFACE; MALES DID NOT. TESTES APPEARED THREAD-L IKE AND MUCH SMALLER THAN OVARIES
DUR NG MOIST OF THE YEAR, EXCERT DURING AND JUST PRIOR T0 “lHE SPAWNING SEASON, WHEN THE
GONADS \OF BOTH 'INCREASED GREATLY "IN SI17E. OVARIES TOOK ON A YELLOWISH HUE DURING THE
SPAWNING SEASON AND TESTES BECAME WHITE.

MATURE EGGS FROM 32 RIPE FEMALES WERE COUNTED WITH THE AID OF A BINOCULAR MICROSCOPE.
THE OVARIES WERE FIRST REMOVED FROM EACH FISH AND PLACED IN PETR! DISHES CONTAINING A
SMALL AMOUNT OF WATER. A LENGTHWISE INCISION WAS THEN MADE IN EACH OVARY AND THE EGGS
SCRAPER OQUT WITH ALSCALPEL, THE AMOUNT OF WATER USED WAS IMPORTANT; IF TOO MUCH WAS USED,
AGITATION SET UP WHILE COUNTING .THE EGGS CONFUSED THE COUNT, WHILE IF TOO LITTLE WAS USED,
THEFEGE S ST ENDED STROCISUMPETHO G BAFEIE R A SQUEEZE-BULB PHPETTE WAS HELPFUL N REMOV ING GROUPS
O F 8 EGGIS FARTER S THE YA HAND SEIEE NS COUINTE D MATURE EGGS WERE READILY DISTINGUISHED FROM ALL

OTHERS BY 'THEIR YELLOWISH €COLOR AND LARGER SIZE (SAUNDERS, LOC. CIT.).

COLLECTIONS OF YOUNG LARGEMOUTH BASS, MICROPTERUS SALMOIDES (LACEPEDE), WERE MADE FROM

OcToBER, 1965, THROUGH JuLY, |966. STOMACH CONTENTS OF THESE BASS WERE ANALYSED TO DETER-
MINE THE VALUE OF MENIDIA AS FORAGE FOR YOUNG OF THIS SPECIES. ALTHOUGH SEVERAL OF THE
536 YOUNG LARGEMOUTH BASS USED IN THIS STUDY WERE CAUGHT ON ROD AND REEL, MOST WERE
COLLECTED IN CONJUNCTION WITH SEINING AND ELECTROFISHING OPERATIONS CONDUCTED IN LAKE
TExOMA DURING 1965 anD 1966.

FISH CONTAINED IN STOMACHS OF THESE BASS WERE IDENTIFIED TO SPECIES, WHEN POSSIBLE,
AND ENUMERATED. NoO ATTEMPT WAS MADE TO ANALYSE FOOD ITEMS OTHER THAN FISH, AND NO ATTEMPT

WAS MADE TO MAKE VOLUMETRIC OR WEIGHT DETERMINATIONS OF THE FISH FOOD ITEMS.

EHARMTER I

DISTRIBUTION

VERTICAL DISTRIBUTION

THE VERTICAL GiLL NET WAS USED TO GATHER DATA ON VERTICAL DISTRIBUTION OoF MENIDIA OVER
A FOUR-MONTH PER 0D IIN 1965 ({TaBLE ). THESE LIMITED DATA [INDIGATE THAT MENIDIA ISt A
SURFACE DWELIMING' sPEclES,siINCE 88 oF HES 89 "CAPTURED " SPECIMENSEWERE SCAUGHT SINSTHE UBRRE R

BIOW RS OI0 e & B CTa [0 NS OIFEITE | = SRINIE Sle THE ONE EXCEPTION WAS CAUGHT APPROXIMATELY SIX INCHES BELOW




THE FOUR-FOOT DEPTH MARKER. |IN CONTRAST, THE CATCH OF SHAD, DOROSOMA SPP., WAS RELATIVELY
UNIFORM TO A DEPTH OF |6 FEET.

MENIDIA CATCHES WERE CONTAGIOUSLY DISTRIBUTED, WITH NUMBERS OF FISH BEING FOUND
TOGETHER IN THE SAME AREA OF THE NET AND FACING THE SAME DIRECTION, INDICATING A TENDENCY
TOWARD SCHOOL ING OR AGGREGATION.

THE VERTICAL GILL NET WAS EFFECTIVE ONLY DURING THE PART OF THE YEAR WHEN MENIDIA WERE
RELATIVELY ABUNDANT, ACTIVE, AND OF A CATCHABLE SIZE. SEVENTEEN MENIDIA CAUGHT .IN THE NET
oN AucusT 18, RANGED FROM 61 To 79 MM, TOTAL-LENGTH, WITH A MEAN OF 67.2; 635 SPECIMENS
TAKEN BY SEINE ON AuscusT 2|, RANGED FROM 27 TOo 89 MM, WITH A MEAN OF S5 MMEET S
APPARENTLY ONLY THE LARGER SPECIMENS IN THE AUGUST POPULATION WERE IN THE CATCHABLE SIZE
RANGE OF THE GILL NET.

NoT ONLY WERE THESE MENIDIA MOVING NEAR THE SURFACE WHEN CAPTURED, BUT SINCE THE GILL
NET WAS SET. INEWATER: |68 not 20 EEET EDEEPTONS EACHEOCEAS TON, S ESE ] SHEWERESAESOMMOVAINGEEA TS E

SUREACESIEN UDIFE R EWATER o MENIDIA WERE OFTEN OBSERVED SWIMMING AT THE SURFACE IN THE OPEN-

WA EREIRIE G RO HEC EESTH R E AT KR A D) SAUNDERS (LOC. CIT.) STATED. THAT HE, T00, HAD OBSERVED MENIDIA

AT HIERES UIR EATCIERSWIHIE RIESSHH B MW ASHEREEWAS D ERE IR

TaBlcE . RV ERTICALNG [IE]. SNETT A TC HESE AT 0 UR —EOOMEINTRE R VAT SEDIR =
ING AugusT, SEPTEMBER, AND NOVEMBER, 1965.

DEPTH AuausT SEPTEMBER NoVEMBER
IN MENIDIA SHAD MENIDIA SHAD MENIDIA SHAD
FEET




LATERAL DISTRIBUTION

SINCE VERTICAL GILL NET DATA INDICATED THAT MENIDIA COULD BE FIOUNDESATSFHESSUR EACES N

DEEP WATER, AN ELECTRIC SHOCKER WITH BOOM-SUSPENDED ELECTRODES WAS EMPLOYED TO COMPARE THE

RELATIVE DENSITIES OF MENIDIA IN THE OPEN-WATER ZONE AND IN THE LITTORAL zoNE (TaBLE 2).

BOTH NIGHT AND DAY SHORELINE CATCHES WERE MARKEDLY HIGHER THAN OPEN-WATER CATCHES, ALTHOUGH
SOME SPECIMENS OF MENIDIA WERE COLLECTED IN THE OPEN-WATER REGION O B B IEACKE N B B R,
MONTH SAMPLED. ALTHOUGH MENIDIA WERE OFTEN SEEN SWIMMING AT THE SURFACE IN THE OPEN—-WATER
ZONE IN ALL SEASONS OF THE YEAR, THEIR NUMBERS NEVER APPEARED TO BE AS GREAT AS IN THE
LITTORALS ZONE . THUS IT APPEARS THAT MENIDIA IS CONCENTRATED IN THE LITTORAL ZONE OF LAKE
TEXOMA DURING MOST OF THE YEAR.

THE ELECTRIC SHOCKER WAS EFFECTIVE ONLY ON LARGER FUES HESEE A NIDREERO RESTHITSEER VA STOINESWAIS 0 &
LIMITED SEASONAL USE IN CATCHING MENIDIA. By MAV, NUMBERS OF LARGER, ADULT MEELELA [ENSER
LAKE WERE VERY LOW, RESULTING IN LOW CATCH PER UNIT EFFORT EVEN THOUGH YOUNG-OF-YEAR WERE
ABUNDANT . THESE YOUNG-OF-YEAR COULD BE SEEN THROUGHOUT THE SUMMER, SWIMMING AROUND THE

ELECTRODES AND SEEMINGLY UNAFFECTED BY THE ELECTRICITY.

TaBLE 2. COMPARISONS OF MISSISSIPPI SILVERSIDES CATCHES DURING FIVE MONTHS, JANUARY
THROUGH Mav, 1966, usiINe A 220 V, A-c, ELECTRIC SHOCKER.

JANUARY FEBRUARY MARCH ApriIL

S] O2 SI 02 SI O2 |

Day
NUMBER
CATCH PER
UNIT EFFORT 0.3

NIGHT
NuMBER 42
CATCH PER

UNIT EFFORT 42.0

Lol
NuMBER 43
CATCH PER
UNIT EFFORT 10.8

lSHORELINE SAMPLE

OPEN-WATER SAMPLE




DisTRIBUTION WITHIN THE LITTORAL ZONE

PoSSIBLE DIFFERENCES IN THE LITTORAL DISTRIBUTION OF MENIDIA WERE ANALYSED BY COMPARI=-
SONS OF CATCHES FROM THE SIX SEINING STATIONS.

THE TWO-WAY ANALYSIS OF VARIANCE TEST WAS USED TO COMPARE CATCHES OF NIGHT AND DAY
SAMPLES FOR STATION | oN EAcCH SAMPLE DATE (TaBLE 3). Tukev's ADDITIVITY TEST YIELDED NO
SIGNIFICANT DIFFERENCES AT THE .05 LEVEL AND THUS THE ASSUMPTION OF ADDITIVITY FOR THIS
MODEL WAS SATISFIED (STEEL AND TORRIE, 1960). SINCE ONLY ONE REPLICATE FOR EITHER DAY OR
NIGHT ON EACH DATE WAS MADE, NO TEST OF NORMALITY COULD BE MADE, HOWEVER SNeEDEcorR (1956)
FELT THAT ADDITIVITY WAS THE MOST ESSENTIAL REQUIREMENT OF THE ANALYSIS OF VARIANCE.
VALUES oF F FOR BOTH DATES AND TIME OF DAY WERE NON-SIGNIFICANT AT THE .05 LEVEL, AND
SINCE STATION | CONTAINED THE GREATEST DIFFERENCES BETWEEN NIGHT AND DAY CATCHES OF ANY OF
THE SIX STATIONS, NO FURTHER TESTS OF THIS NATURE WERE DEEMED NECESSARY.

TABLE 3. ANALYSIS OF VARIANCE OF NIGHT AND DAY CATCHES OF MENIDIA AUDENS
AT s AT e NERIE oINEEVIARET 6l s S pIAREE SERIIN 9 6 5 AN DR CIE6

SOURCE SUM OF SQUARES MEAN SQUARE

DATE 05093 76806 560,764.6|

DAy AND
NIGHT IFSa 83 e o2 i ;983,662 44

ERROR 838 58 1206 520, 5585598
ADDITIVITY 93280050 S8l 280060
RESIDUAL 8,438,690.80 496,393.60

ToTAL 215, 897,897.05

IT THUS APPEARS LIKELY THAT MENIDIA HAVE NO NOCTURNAL SHOREWARD MIGRATION AS HAS BEEN

SUPPOSED TO OCCUR IN POPULATIONS oF LABIDESTHES (CaHN, 1927). Saunpers (Loc. clIT.) PRO-

POSED SUCH A MIGRATION FOR MENIDIA BECAUSE OF THEIR "GREATER EASE" OF CAPTURE WITH A SEINE
AT NIGHT.

SINCE NO DIFFERENCES WERE DETECTABLE BETWEEN CATCHES OF NIGHT AND DAY SAMPLES, THE TWO
WERE COMBINED FOR EACH STATION AND FOR EACH DATE AND THEIR MEANS CALCULATED. A TWO-WAY
ANALYSIS OF VARIANCE WAS THEN COMPUTED COMPARING THESE MEANS FOR EACH STATION AND FOR EACH
DATE. TUKEY'S ADDITIVITY TEST WAS APPLIED TO THESE DATA AND THE RESULTING F VALUE OF
I5.51 For | AND 90 DEGREES OF FREEDOM WAS HIGHLY SIGNIFICANT, INDICATING THAT THE ASSUMPTION

@A DD RIS VAR W AS SN OFTE S ATRISIES E DES




To ATTEMPT TO CORRECT FOR NON-ADDITIVITY, A LOGARITHMIC TRANSFORMATION WAS PERFORMED

ON THE DATA AS FoLLOWs (STEEL AND TorRrRIE, 1960):

= (Lol a1
IJ

WHERE Y THE TRANSFORMED VALUE OF XI 5
1J J

AND de THE MEAN CATCH OF MENIDIA ON
THE . iTH DATE AT THE |TH. STATIONS

AFTER TRANSFORMATION TO THIS NEW SCALE THE DATA WERE ANALYSED WITH A TWO-WAY ANALYSIS
OF VARIANCE IN THE SAME MANNER AS WAS PREVIOUSLY DESCRIBED (TABLE 4). TUKEY'S ADDITIVITY
TEST YIELDED A NON-SIGNIFICANT F VALUE AND THE TRANSFORMATION WAS DEEMED SUCCESSFUL IN
REMOV ING NON—ADDITIVE EFFECTS. THE VARIATION AMONG SAMPLING DATES WAS VERY HIGHLY SIGNI-
FICANT, AS WAS VARIATION DUE TO STATION DIFFERENCES. OSAMPLING DATES AND MEAN CATCHES OF
MENIDIA FOR EACH STATION ON EACH OF THESE DATES ARE SHOWN IN TABLE 5.

DUNCAN'S NEW MULTIPLE RANGE TEST WAS APPLIED TO THESE STATION GRAND MEANS TO DETERMINE
WHERE SIGNIFICANT DIFFERENCES ExISTED (STEEL AND ToRRIE, 1960). RESULTS OF THIS TEST ARE
CONTAINED IN TABLE 6.

THESE RESULTS INDICATE THAT MENIDIA WERE FOUND MORE ABUNDANTLY AT THOSE STATIONS
DISPLAYING SOME SORT OF PROTECTION FROM THE PREVAILING SOUTHERLY WINDS, AND HAVING RELATIVE-

LY SANDY BOTTOMS WITH SOME SORT OF SUBMERGENT VEGETATION SUCH AS CHARA .

TABLE 4. ANALYSIS OF VARIANCE OF MEAN CATCHES OF MENIDIA AUDENS FOR
ALL STATIONS ON VARIOUS DATES IN 1965 AND |966.

SOURCE SUM OF SQUARES MEAN SQUARE

DaTE i jiofBil
STATION 0. 5 1005
ERROR i3
ADDITIVITY 3.00 N.S.
RES IDUAL

ToTAL

XPR=1105
D L]




TaBLE 5. MEAN SEINE CATCHES OF MENIDIA AUDENS FROM SIX STATIONS LOCATED IN THE
BuncomBeE CREEK ARM OoF LAKE TexoMA DURING 1965 AnD |966.

STATION NUMBER
3




TABLE 6. COMPARISONS OF MEAN CATCHES OF MENIDIA AT SIX
STATIONS DURING 1965 AND 1966 uUsING DUNCAN'S NEW MULTIPLE
RANGE TEST.

S = (ErRrROR MS)/rR = 0.21/19 = 0.105

WHERE "R = THE . NUMBER OF OBSERVATIONS PER, MEAN

ERROR DEGREES OF FREEDOM = 90

NUMBER OF MEANS
INVOLVED, P

SSR
LSR

StaTion*
NUMBER

*STATIONS ENCOMPASSED WITHIN A LINE ARE SIMILAR,.

CHAPTER 1V
[} e SR O R

AGE AND GROWTH

GROWTH OF MENIDIA WAS DETERMINED BY MEASUREMENT OF FISH TAKEN BY SEINING ONLY, BECAUSE
O FESTIRIERES ElSEC IV o T EIES BIYE Gl Rl ic IS HolCik ERIMAIN DI T HiES eIl [N B EioR MG ERTVANINIES IiZE s olF T RIS Hie
Flc. 3 SHOWS THE AVERAGE LENGTH AND RANGE IN LENGTH OF FISH SAMPLES PLOTTED AGAINST SAMPL ING
DATES IN 1965 AnND 1966. THE GROWTH OF MENIDIA APPARENTLY STOPPED IN OCTOBER--AS INDICATED
BY THE TENDENCY OF THE LINE TO ASSUME A SLOPE OF ZERO--AND RESUMED AGAIN IN MARCH.

AbuLT MENIDIA WERE NEVER TAKEN AFTER JULY 3|, WHICH SUGGESTS A MAXIMUM LONGEVITY OF
ABOUT |6 MONTHS. THE MAXIMUM SI1ZE OF MENIDIA CAPTURED IN LAKE TEXOMA, AS SHOWN BY LENGTH-
FREQUENCY DISTRIBUTIONS IN FiGc. 4, wAs |19 MM, TOTAL-LENGTH; HOWEVER, A |30 MM SPECIMEN
WEIGHING 9.65 G WAS TAKEN FROM BoOMER LAKE IN FEBRUARY, 1966. THE LENGTH-FREQUENCY DISTRI-

BUTIONS ALSO SHOW BOTH THE 1964 aAND |965 YEAR-CLASSES DISAPPEARING IN LATE JULY OF THE YEAR

FOLLOWING THE YEAR OF HATCHING. THE DISTRIBUTIONS ARE APPROXIMATELY NORMALLY DISTRIBUTED
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DURING THE EARLY LIFE OF THE FISH, BUT BY OCTOBER A MORE CONTAGIOUS OR BIMODAL PATTERN CAN
BE DETECTED, POSSIBLY INDICATING A DIFFERENTIAL GROWTH RATE OF MALE AND FEMALE FISH.

To TEST THIS HYPOTHESIS, ONE-WAY ANALYSES OF VARIANCE WERE CALCULATED COMPARING LENGTHS
OF MALES AND FEMALES OF THE 1964 YEAR-cLAss IN JuNE, 1965, AND THE 1965 YEAR-CLASS THROUGH-
OUT THE YEAR (TaBLE 7). DIFFERENCES BETWEEN LENGTHS OF MALES AND FEMALES OF THE 1965 YEAR-
CLASS WERE NON-SIGNIFICANT UNTIL OcTOBER. AFTER THIS DATE THE LEVEL OF SIGNIFICANCE TENDED
TO BECOME GREATER, EXCEPT FOR THE DECEMBER SAMPLE, WHICH WAS NON-SIGNIFICANT. THIS ONE
EXCEPTION MAY BE ATTRIBUTED TO CHANCE DEVIATION RESULTING FROM SMALL SAMPLE sizE. DIFFER-
ENCE BETWEEN LENGTHS OF MALE AND FEMALE FISH OF THE 1964 YEAR-cLASS IN JUNE, 1965, wWAsS VERY
HIGHLY SIGNIFICANT. FROM THESE DATA IT CAN BE CONCLUDED THAT FEMALES GROW AT A FASTER RATE
THAN MALES.

TABLE 7. ANALYSES OF VARIANCE OF DIFFERENCES IN LENGTHS

OF MALE AND FEMALE MENIDIA TAKEN FROM LAkE TExoMA IN
VARIOUS MONTHS ofF |965 anD 1966.

JUNE 1965 (1964 YEAR-cLASS) =148 (594¢; 89%¢%)

SOURCE D/ SUM OF SQUARES MEAN SQUARES E

AMONG 6,478 .75 6,473.75
WITHIN |8 51515101 658) KOG Sill

Tomnal 22,024.08

AugusT (1965 veEAarR-cLAss) N = 76 e g2 e ig)

SOURCE SUM OF SQUARES MEAN SQUARES H

AMONG 74 e 152
WITHIN 74 Sie 20 B 08

ToTAL 743 589 2

SEPTEMBER 1965 = B8 (949 2429)

SoURCE DF OF SQUARES MEAN SQUARES i

AMONG .14 ittt
WITHIN Bl 748 .86 24.16

oA 32 750,00

*P <.05
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TABLE 7o

(coNTINUED)

OCTOBER

1965

= 75 (2844,

SOURCE

DF SUM OF SQUARES

MEAN SQUARES

AMONG

WITHIN

ToTAL

606.90
6,339.90

6,946.80

606.90

86.80

NoVvEMBER

(1444,

= =

SOURCE

SUM OF SQUARES

MEAN SQUARES

AMONG
WITHIN

@ AL

408.00
1,801.00

2,209.00

408.00

51.46

DECEMBER

=35 e e

SOURCE

SUM OF SQUARES

MEAN SQUARES

AMONG

WITHIN

o AlE

9,61
2,530.39

2,540.00

9.6l

JANUARY

1966

= 57 (2544,

SOURCE

DF SUM OF SQUARES

MEAN SQUARES

AMoNG
WITHIN

1@ AL

978550

10,969.00

1,176.50

78205

FEBRUARY

= 50 (424,

48 22)

SOURCE

SUM OF SQUARES

MEAN SQUARES

F

AMoNG
WITHIN

o T Al

2,836.50
2 el 50

27,568.00

2,836.50

281.04

10.09%%

P =105
T 0]




TaBLE 7«  (cONTINUED)

MarcH 1966 o= lga (7884 962%)

SOURCE DF SUM OF SQUARES MEAN SQUARES F

AMONG Saonll 2 ghic alis 2
WiTHIN |72 185860511 OS5

oAl 173 22,288

ApriL 1966 NE=lcE (15588; 279%)

SoURCE DF SUM OF SQUARES MEAN SQUARES F

Amone 2450 2ol 45280
WiTHIN 180 37,849.0 2108

ToTAL 181 39,994 .0

May 1966 N = 208 (153 42; 55%9)

SOURCE SUM OF SQUARES MEAN SQUARES 7

Amona 457158.5 N5
WITHIN 206 24,651 .4 L) 57

b onp Al 207 29,404.9

TP =05
wulPe )]

SEx RATI1O0S
SEX RATI10S OF FISH FROM THE |965 YEAR-CLASS WERE COMPARED USING CHI-SQUARE TESTS AND
THE ASSUMPTION OF A 50:50 RATIO (TABLE 8). ONLY SEINE-CAUGHT FISH WERE USED IN ANALYSES OF
SEX RATIOS BECAUSE THE SHOCKER WAS FOUND TO BE SELECTIVE FOR LARGER FISH, AND SINCE MALES,
ON THE AVERAGE, WERE FOUND TO BE SMALLER THAN FEMALES, THE USE OF FISH CAUGHT WITH THE
SHOCKER WOULD INTRODUCE BIAS INTO SEX RATIO DATA FOR THIS SPECIES. SINCE FISH SMALLER THAN
ABOUT 35 MM, TOTAL-LENGTH, COULD NOT BE SEXED POSITIVELY BY SUPERFICIAL EXAMINATION OF

THEN R UGIONADS , "ONLY SIUARGER E I SHEOWERES USEDR INSDETERM IINTING SEX VRATIOS o




TaABLE 8. RESULTS OF SEX RATIO ANALYSES OF SAMPLES OF
MENIDIA AUDENS TAKEN IN VARIOUS MONTHS OF 1965 AnD 1966,
ASsSUMING A 50:50 RATIO.

MONTH OF SAMPLE MALES PER
CAPTURE S1ZE 100 FEMALES CHI-SQUARE

AuGusT 78 26 o lip ks
SEPTEMBER 33 38 5.92%
OCTOBER 75 g
NovEMBER 38 ¢ 2.64 N.sS.
DECEMBER 34 0.48 N.s.
FEBRUARY Sl W02 Mok
MARCH 41 V620N a8
APRIL s e
May e s
June Wsleaesy

JuLy IFS00ENEs

*p <.05
T*p = 0|

CHI-SQUARE VALUES WERE SIGNIFICANT FOR AucusT, SEPTEMBER, AND OCTOBER SAMPLES,
INDICATING A PREDOMINANCE OF FEMALES. CHI-SQUARE VALUES WERE NON-SIGNIFICANT THROUGHOUT
THE REST OF THE FALL AND WINTER UNTIL A DIFFERENCE WAS AGAIN DETECTED IN APRIL AND MAY
SAMPLES. THESE SIGNIFICANT DIFFERENCES, HOWEVER, INDICATED A PREDOMINANCE OF MALES IN THE
LITTORAL ZONE POPULATION DURING THESE MONTHS. A POSSIBLE EXPLANATION OF THIS APPARENT
INCREASE IN MALES WAS THE TENDENCY OF MALES TO FORM UNISEXUAL AGGREGATIONS IN THE SPRING.
THUS, THE CAPTURE OF ONE MALE IN A SEINE HAUL INCREASED THE PROBABILITY OF OTHERS BEING
CAUGHT IN THE SAME SEINE HAUL. MOST SAMPLES OF FISH TAKEN AT THIS TIME OF YEAR CONTAINED
ONLY MALE FISH, WHILE THOSE FEW SAMPLES CONTAINING FEMALES USUALLY ALSO CONTAINED MALES.
IT IS ALSO POSSIBLE THAT THE INCREASED CATCH OF MALE FISH RESULTED FROM THE MOVEMENT OF

FEMALE SRl BlURE @iEanieiE L e e = s

THE CH]—SQUARE VALUE CALCULATED FOR FISH CAUGHT IN JUNE WAS AGAIN SUNGINITEICANTE B U

TRIMSESE I ME ENDHECASFERD FA SRR EDOM ENANCE O0F FEMALES. THIS MAY HAVE RESULTED FROM A DISPERSAL OF
MALE AGGREGATIONS. SAUNDERS (LOC. CIT.) FOUND FEMALES TO OUTNUMBER MALES 20 To | 1IN JUNE

AND JULY SAMPLES.




REPRODUCTION

ALTHOUGH SPAWNING OF MENIDIA WAS NEVER OBSERVED, INDIRECT EVIDENCE INDICATES THAT
SPAWNING BEGAN IN LATE MARCH OR EARLY APRIL AND EXTENDED OVER A WIDE RANGE OF TIME IN 1965
AND 1966. SAUNDERS (LOC. CIT.) FELT THAT MENIDIA SPAWNED FROM LATE MARCH THROUGH MID JuLy
IN LAKE TEXOMA, AND THAT SPAWNING OCCURRED IN "PULSES". HE FOUND THAT SMALL SPECIMENS
COULD BE CAUGHT THROUGHOUT THE SUMMER, AND BELIEVED THAT THE YOUNG COULD BE PLACED IN
SEVERAL LENGTH GROUPS. FlG. 4 INDICATES THAT AN ALMOST PERFECT GRADATION OCCURS BETWEEN
LENGTHS OF EARLY HATCHED AND LATE HATCHED YOUNG, AND THEREFORE WHILE SPAWNING OF INDIVIDUALS
MAY O0CCUR IN "PULSES", THE SPAWNING OF THE POPULATION, AS A WHOLE, OCCURS MORE SMOOTHLY
THAN SAUNDERS SUSPECTED.

THE LOWER LIMIT OF THE LENGTH RANGES FOR YOUNG-OF-YEAR FISH COLLECTED IN THIS STUDY
REMAINED RELATIVELY CONSTANT THROUGHOUT THE SUMMER (Fig. 3). THOSE INDIVIDUALS REPRESENT~
ING THE LOWER LIMIT OF THE RANGE APPROXIMATED THE SMALLEST CATCHABLE SIZE FOR THE |/8-1NCH
MESH SEINE. FROM FlG. 3 IT CAN BE SEEN THAT ALTHOUGH THE LOWER LIMIT OF THE RANGE REMAINED
RELATIVELY CONSTANT THROUGHOUT THE SUMMER, FALL, AND WINTER, FOR THE 1965 YEAR-CLASS, IT
WENT UP QUITE RAPIDLY AS GROWTH RESUMED IN THE SPRING. FLUCTUATION IN THE RANGE IS KNOWN
TO BE DUE TO THE SENSITIVITY OF THE RANGE TO FLUCTUATIONS IN SAMPLE SIZE, AND SINCE SAMPLE
S1ZE VARIED CONSIDERABLY FROM SAMPLE TO SAMPLE IN THE |965 COLLECTIONS, SOME FLUCTUATION IN
THE RANGE IS TO BE EXPECTED. IN THE SUMMER OF 1966, SI1ZES OF SAMPLES WERE MORE CONSTANT
AND FLUCTUATIONS IN THE RANGE WERE MINIMAL. ADDITIONAL EVIDENCE FOR AN EARLY AND PROLONGED
SPAWNING PERIOD WAS OBTAINED BY EXAMINATION OF OVARIES.

GONADS OF FEMALES TAKEN IN EARLY MARCH WERE WELL DEVELOPED, AND SOME CONTAINED NEARLY
MATURE EGGS. ALL RIPE FEMALES EXAMINED THROUGHOUT THE SUMMER WERE FOUND TO CONTAIN

ADDITIONAL IMMATURE EGGS, AND NO COMPLETELY SPENT FEMALE WAS EVER FOUND. SAUNDERS (LOC.

CIT.) ALSO FOUND THAT MANY IMMATURE EGGS REMAINED IN THE OVARIES OF FEMALE MENIDIA AFTER

STRIPPING AND CONCLUDED FROM THIS THAT FEMALES MAY SPAWN MORE THAN ONCE. CAHN (|927) FOUND
NO EGGS OF ANY KIND REMAINED IN OVARIES OF FEMALE LABIDESTHES CAPTURED [EMIMIESD SFARTE ESYEACERE E R
SPAWN ING . THUS, MENIDIA MAY HAVE A HIGHER TOTAL FECUNDITY THAN LABIDESTHES IF THE NUMBER

OF MATURE EGGS SPAWNED AT ONE TIME DOES NOT DIFFER FOR THE TWO SPECIES.

FECUNDITY
FECUNDITY OF MENIDIA WAS DETERMINED BY MAKING TOTAL COUNTS OF MATURE EGGS FROM 31
FEMALES COLLECTED DURING THE SUMMERS OF 1965 AND 1966. ONE ADDITIONAL FEMALE WAS EXCLUDED

WHEN A COUNT SHOWED THAT THE NUMBER OF MATURE EGGS FOUND IN THIS FISH WERE' FAR BELOW THE




NUMBERS FOUND IN OTHER INDIVIDUALS OF NEARLY THE SAME SIzZE. THIS INDICATED THAT SHE MAY
HAVE BEEN PARTIALLY SPENT AT TIME OF CAPTURE.

MEAN NUMBER OF MATURE EGGS PER FEMALE WAS 984, WITH A STANDARD DEVIATION OF 358.6 AND
A RANGE FROM 384 To 1699. SAUNDERS (LOC. CIT.) FOUND THAT HE COULD REMOVE ONLY BETWEEN |0
AND 200 EGGS BY STRIPPING, HOWEVER.

FOUR MEASUREMENTS WERE COMPARED WITH NUMBERS OF MATURE EGGS PER FEMALE TO DETERMINE
THE BEST TECHNIQUE FOR“ESTIMATING FecUNDITY: () ToTAL-LENGTH, {2) ToTAL WEIGHT, (3) ovary
WEIGHT, (4) B0oDY WEILGHT. BODY WEIGHT WAS CONSIDERED AS THE WEIGHT OF THE FISH AFTER
REMOVAL OF ITS OVARIES, WHILE OVARY WEIGHT WAS OBTAINED INDIRECTLY BY SUBTRACTING BODY
WEIGHT FROM TOTAL WEIGHT.

THE DATA FOR THESE FOUR RELATIONSHIPS, WITH FITTED REGRESSION LINES, ARE SHOWN IN
Fle. 5; STATISTICS ARE CONTAINED IN TABLE 9. ALL FOUR RELATIONSHIPS SHOW A HIGH DEGREE OF
CORRELATION. TOTAL WEIGHT AND BODY WEIGHT HAD THE HIGHEST CORRELATION WITH MATURE EGG
NUMBERS, WHILE THE CORRELATION OF TOTAL-LENGTH WITH MATURE EGG NUMBERS WAS SOMEWHAT LOWER.

THE CORRELATION OF MATURE EGG NUMBERS8 AND OVARY WEIGHT WAS THE LOWEST.

I ABILE S5 STATISTICS FOR COMPARISONS OF TOF AT I EEN G EF HE s SO A S S WESE CERETE = e B 0D R
WEIGHT, AND OVARY WEIGHT WITH MATURE EGG NUMBERS I[N MENIDIA AUDENS.

ToTAL- T Boby OVARY
LENGTH WEIGHT WE IGHT WEIGHT

CORRELATION
COEFFICIENT, R

95% CONF IDENCE

NGB RIVIAISSE = O RS R

REGRESSION:

SLIOPE, B 65is90

INFERCEPT, A 83.90

95% CONF IDENCE 764.76

INTERVAL FOR B TO
928.73




EGGS

AT T T TR G T R e S 70 80 90 100 110

Total Weight, Grams Total Length, WM

MATURE

(7))
[+ 4
3%)
(]
=
2
z

02 05 1.0 1.5 ) S i [ S S T ¢

Ovary Weight, Grams Body Weight, Grams

Elers 5y RELATIONSHIPS OF VARIOUS MEASUREMENTS TO NUMBERS OF
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IT Is APPARENT THAT THE CORRELATION BETWEEN LENGTH AND NUMBERS OF MATURE EGGS IS THE
MosT I PRACT I CAL IMETHOD FROMMWHICH "T@ CESTIMATE NUMBERS “OF MATURE 'FCGGS AN THE FIELD, AL THOUGH
CORRELATIONS OF BOTH TOTAL WEIGHT AND BODY WIEGHT WITH NUMBERS OF MATURE EGGS ARE MORE
Rl AELE A THE REASON FOR THE POORER CORRELATION BETWEEN MATURE EGG NUMBERS AND OVARY WEIGHT
C oYL DBIE D UE RO VARSEA BRI CIFEYS RN EN UMBIE RS SOFE SIMMATEURE "EGIG ST CONTA I'NEDS “1INEACH SIENDELV DU AL RAMER

OF OV AR ESi

LENGTH-WEIGHT RELATIONSHIPS

LENGTH-WEIGHT RELATIONSHIPS FOR MENIDIA TAKEN IN EACH SEASON OF THE YEAR

CALCULATED USING THE FORMULA?Z

Leein o & Loe L

TOTAL WEIGHT IN GRAMS,
EE AN R C R O S0 N S
SN0 R EER UESEOSR EGRES SHIGING

TO WAL <= ENGASE N SM AN SV B EER St

SLOPES AND ELEVATIONS OF REGRESSION LINES CALCULATED FOR MALES AND FEMALES WERE COM-—
PAREDWSING SRS TESTS S 0 TESTI ELEVA TIoiNS® it WASH NECESSARY o ABWUST MEAN WELCHT S AS N nHE
ANALYSIS OF COVARIANCE (Lux aAnD PorRTER, 1966). RESULTS OF THESE COMPUTATIONS ARE CONTAINED

ENEA R TR @)

TaBLE |0. SEASONAL LENGTH-WEIGHT RELATIONSHIPS FOR MENIDIA AUDENS TAKEN FROM LAkE TeEX-
OMA DURING 1965 AND 1966.

(Loa IOgL) ELEVATION RANGE IN
B 2 TOTAL-LENGTH

SUMMER 1965

ApuLTs 3.201 1| =SS oEE0 0265 O BN S
gu2eel -3.8004 0.0300

YouNnG - 2 ST =20 00900528
OF-YEAR 2 2 80866 10 .0300

FALL 955
YouNG - M 2.6912 ~RlaiE) 0 s 0EE ]
OF-YEAR 2 EET ~2.05B4u 050265

WINTER 1965-6
ApuLTs M 2.9446 —3.2086+ .0.0283
: 3.0574 -3.4181  ©.0300

SPRING 1966
ADULTS 2.28859 -3.0486 0.0283
2.8364 =—20920380 F0I508 16

*P <.05
el e




DIFFERENCES IN SLOPES WERE NON-SIGNIFICANT IN EVERY SEASON OF THE YEAR, BUT THE
ELEVATIONS OF THE LINES DIFFERED SIGNIFICANTLY FOR YOUNG-OF-YEAR FISH IN SUMMER AND FOR
A UGS SERIENIIS RIR SISNIGEs IN THE FIRST CIAISIELEMA L E SHSOIERIASE GV EINTHIRE NIGHTEHEEW E R B IR AWVETE R ESEHTIAIN SREMAISES
ol IH ENSAME D EN Gomb SEWIHIL L EIENER TR ESESIE CIOINDERCA S iERRSREM AL EISERW E RIEREH EAWAIE RESTER I AINSSMAEEESEe IT THuUs
APPEARS STHATGEFEN SR & RSl RIS M 0N H S SHOIE S I SRR ESSEM AL MENIDIA OUTWEIGH THEIR FEMALE COUNTERPARTS,
WHI1LE DEVELOPMENT DF EGGS IN ADULT FEMALES IN SPRING INCREASES THEITRUWESGHT ‘RELATIVE TO
THAT OF - MALES OF THESSAME ILENGTHe IN SUMMER, THE LOSS OF EGGS IN SPAWNING, COMBINED WITH
THE GRADUAL LOSS OF ENERGY REQUIRED FOR THE PRODUCTION OF MORE EGGS, MAY ACT TO DECREASE
EHE W BLRG HTE O PSR EIMIN S E S s OBSERVATION OF GONAD DEVELOPMENT THROUGHOUT THE YEAR INDICATE THAT
EGGS BEGIN DEVELOPMENT IN EARLY SPRING AND VERY LITTLE DIFFERENCE IN GONADS OF MALE AND
EEMASESEA S HEE B X SHTFSEE OV RAEET E ESRWRIENETFE RS ALTHOUGH GONADS OF YOUNG-OF-YEAR FISH BEGAN TO DEVELOP
IN THE FALL, THEY SOON REGRESSED AND REMAINED IN THAT CONDITION UNTIL DEVELOPMENT BEGAN

ANEW TOWARD THE END OF WINTER.

FLucTuATioNs IN SEINE CATCHES

Filc. 6 SHOWS MEAN CATCH PER SEINE HAUL OF MENIDIA IN NIGHT, DAY, AND COMBINED NIGHT
AND DAY SAMPLES. CATCH PER HAUL OF THE |965 YEAR-CLASS UNDERWENT A RELATIVELY CONSTANT
RATE OF DECREASE FROM EARLY SUMMER UNTIL MAY, WHEN THE RATE OF DECREASE INCREASED UNTIL
THIS YEAR-CLASS DISAPPEARED FROM THE SAMPLES IN LATE JuLY. CATCH PER HAUL FOR THE 1966
YEAR-CLASS, AS REPRESENTED BY SPECIMENS LARGE ENOUGH TO BE CAUGHT WITH THE SEINE, REACHED
PEAK NUMBERS IN EARLY JULY AND BEGAN A RELATIVELY CONSTANT RATE OF DECL INE THROUGH AUGUST,
WHEN THE STUDY WAS TERMINATED.

SINCE MENIDIA APPEARS TO BE A SURFACE DWELLING FISH WITH A MARKED PREFERENCE FOR THE
LITTORAL ZONE, CATCH PER SEINE HAUL MAY REPRESENT A FAIR INDEX OF SURVIVAL AND MORTALITY.
EITHER A SEASONAL CHANGE IN DISTRIBUTION OR AN INCREASED ESCAPEMENT AS THE FISH BECAME
LARGER, WOULD MODIFY THE SIGNIFICANCE OF THIS CURVE AS AN INDEX OF THESE POPULATION PARA-
METERS. FOR THIS REASON, MORE WORK ON THE SEASONAL DISTRIBUTION PATTERNS OF MENIDIA NEEDS
TO BE DONE BEFORE ANY CONCLUSIONS CAN BE MADE.

THE MEAN CATCH OF THE |966 YEAR-CLASS IN LATE AUGUST WAS 248, APPROXIMATELY EQUAL TO
THE MEAN CATCH OF 258, REPRESENTING THE 1965 YEAR-CLASS DURING EARLY JuLyY, 1965. THE MEAN
CATCHES OF THE 1966 YEAR-CLASS DURING JuLY AND AueusT, 1966, WERE CONSISTENTLY HIGHER THAN
THE MEAN CATCHES OF THE 1965 YEAR-CLASS OVER THE SAME PERIOD IN |1965. THESE COMPARISONS

INDICATE EITHER A LATER INITIATION OF SPAWNING FOR MENIDIA IN |966, A GREATER HATCH OF

MENIDIA IN 1966, OR A GREATER MORTALITY OF MENIDIA IN THE SUMMER OF 1965.
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CHAPTER V
FORAGE VALUE

SMALL ADULT SIZE ;- AN A PPARENTISY SRR OILONGED “SPAWNIENCGHPER IR0 DESE AN DL E SR ASE & LY G
TOTAL FECUNDITY OF MENIDIA COMBINE IN MAKING LARGE NUMBERS OF THESE FISH AVAILABLE AS
FORAGESECREADUIGTEEATSERWE (B IEEA S EBRVEOIING = 0 BeaYiE A RSP S CHIVIOIR.Q 1 SERES IS Hi B St R ORJ G HIGIURTESIHIE SV N RES

MENIDIA APPARENTLY BEGIN SPAWNING IN LATE MARCH IN LAKE TEXOMA AND CONTINUE THROUGH

EARLY SUMMER. SINCE WHITE CRAPPILE , PomoxIs ANNULARIS, APPEAR TO SPAWN IN MAY AND JUNE

(WHiTESIDE, 1962); WHITE BASS, Roccus CHRYSOPS, SPAWN DURING THE FIRST HALF oF MAY IN LAKE

Texoma (Riees, 1955); AR, LEPISOSTEUS SPP., SPAWN FROM MID APRIL UNTIL JUNE IN LAKE TExoma

(EcHELLE, 1967); AND LARGEMOUTH BASS, MICROPTERUS SALMOIDES, APPEARED TO BEGIN SPAWNING IN

LATE APRIL DURING 1965 AND 19665 MENIDIA ARE AVAILABLE TO THESE YOUNG SPORT FISHES IN THEIR
INITIAL FISH-EATING STAGES.

B. B. Moser (uNFINISHED M.S. THESIs, UNIVERSITY OF OKLAHOMA) FOUND MENIDIA TO BE THE
PREDOMINANT FOOD ITEM IN WHITE BASs 38 To 148 MM, TOTAL-LENGTH. ALTHOUGH LESS IMPORTANT
IN LARGER SPECIMENS, SILVERSIDES WERE A SIGNIFICANT FOOD ITEM IN WHITE BASS OF ALL SIZES,
AND OCCURRED IN WHITE BASS TAKEN IN ALL SEASONS OF THE YEAR. MAXIMUM NUMBERS OCCURRED IN
STOMACHS OF FISH TAKEN DURING MAY AND JUNE.

WHITEsIDE (1962) cLASSIFIED MENIDIA AS A "MISCELLANEOUS FOOD ITEM" IN STOMACHS oF 719
WHITE CRAPPIE FROM LAKE TEXxOMA. |IN THE BuncoMBE CREEK ARM OF THE LAKE THE WHITE CRAPPIE
OCCURS PRIMARILY AT DEPTHS EXCEEDING FOUR FEET (GRINSTEAD, 1965), wHILE MENIDIA RARELY
REACHES DEPTHS EXCEEDING FIVE FEET. FURTHERMORE, DURING THE PRESENT STUDY, WHITE CRAPPIE
WERE RARELY TAKEN BY SEINE OR ELECTROFISHING DEVICES. THE INFREQUENT OCCURRENCE OF MENIDIA
IN CRAPPIE STOMACHS MAY BE EXPLAINED BY THE DIFFERENCES IN HABITAT PREFERENCES OF THE TWO
SPECIES IN LAKE TEXOMA.

MENIDIA WERE THE PREDOMINANT FISH FOUND IN STOMACHS OF 386 YOUNG GARS EXAMINED BY
EcHeLLe (1967), AND REPRESENTED 54% OF THE FISH FOUND IN ADULT LONGNOSE GAR, LEPISOSTEUS
0SSEUS, FROM LAKE TexomMA (EpwiN B. MAY, PERSONAL COMMUNICATION).

By NUMBER,, MENIDIA WAS THE MOST JMPORTANT FISH IN STOMACHS OF YOUNG LARGEMOUTH BASS

EXAMINED N THE PRESENT STUDY, REPRESENTING 78% OF THE 290 FISH IDENTIFIED TO GENUS AND

OCCURRING IN 72% OF STOMACHS CONTAINING IDENTIFIABLE FISH (TABLE |l). THE NUMBER OF BASS
ANALYSED AND THEIR MONTHS OF CAPTURE, AS WELL AS THE NUMBER OF STOMACHS FOUND TO CONTAIN

PIBME G ARE INeLURER - N AERE 2




TaBLE |Il. SEASONAL OCCURRENCE OF FISHES FOUND IN STOMACHS
oF 536 YOUNG LARGEMOUTH BASS TAKEN FROM LAKE TEXOMA IN
18155 Ap USEE -

DorosomA
LEPOMIS
MICROPTERUS
CYPRINUS
PIMEPHALES
UNIDENTIFIED

WINTER
FREQUENCY
NUMBER

SPRING
FREQUENCY
NUMBER

SUMMER
FREQUENCY
NUMBER

FALL
FREQUENCY
NUMBER

TERI /AL
FREQUENCY
% FREQUENCY
NUMBER
% OF IDENTIFIED
FlsHES

TaBLE |2. FREQUENCY OF FISH IN STOMACHS OF 536 YOUNG LARGEMOUTH
BASS TAKEN FROM LAKE TEXxoMA DURING 1965 anD - 1966.

MONTH OF TioiRAL EmMpTY STOMACHS
CAPTURE STOMACHS STOMACHS WITH FISH

JANUARY

FEBRUARY
MARCH
APRIL

May

JUNE

Wl &7
AuecusT
SEPTEMBER
OcTOBER

NoVvEMBER

e AL




MENIDIA OCCURRED IN LARGEMOUTH BASS AS SMALL AS 24 MM, TOTAL-LENGTH, AND REPRESENTED
90% oF THE |46 FISH IDENTIFIED FROM LARGEMOUTH BASS LESS THAN 50 mMm.

OFTEN SEVERAL MENIDIA WERE FOUND IN A STOMACH, AND IN ONE CASE, A 30 MM BASS WAS FOUND
TO CONTAIN 49 sAc FRY. THESE CASES COULD HAVE BEEN CONSEQUENCES OF THE SCHOOLING OR
AGGREGATING BEHAVIOR OF MENIDIA. ONE PECULIAR CASE OF A BASS FEEDING ON A MENIDIA TOO LONG
FOR ITS DIGESTIVE TRACT WAS DISCOVERED. JTHE BASS, AN 89 MM SPECIMEN APPARENTLY IN GOOD
CONDITION, HAD SWALLOWED A 58 MM SILVERSIDE. JIHE TAIL OF THIS FISH PROTRUDED FROM THE MOUTH
OF THE BASS, WHILE THE ANTERIOR PORTION WAS PARTIALLY DIGESTED. SINCE THE BASS WAS
PRESERVED IMMEDIATELY AFTER CAPTURE, IT WAS IMPROBABLE THAT IT HAD SWALLOWED THE SILVERSIDES
ACCIDENTALLY WHILE TRYING TO ESCAPE THE SEINE.

THE PERCENTAGES OF MENIDIA AND DOROSOMA IN THE TOTAL SEINE CATCH, APPROXIMATED THE
PERCENTAGES THAT THESE GENERA MADE UP OF THE IDENTIFIABLE FISH IN THE STOMACHS OF LARGE-
MoUTH BAss (haslEs INSAND  18). " THe CORRELATION DOES NOT SEEM T0 HOLD FORLTHE OTHER FORAGE
SPECIES, PROBABLY BECAUSE OF LOW NUMBERS RESULTING IN RELATIVELY HIGH CHANCE DEVIATIONS.
THESE DATA INDICATE THAT THE VALUE oF MENIDIA AS FORAGE FOR YOUNG LARGEMOUTH BASS LIES IN
ITS ABUNDANCE IN THE LITTORAL ZONE RATHER THAN ANY SELECTIVE PREFERENCE TOWARD IT BY THE

BASS.

TagLe 13. CATCH PER UNIT EFFORT OF FISHES TAKEN BY SEINE FROM
LAke TExomA IN 1966.

WINTER % OF TOTAL
CATCH

MENIDIA 7lal
DorosomA

LEPOMIS

PIMEPHALES

NoTROP IS

MICROPTERUS

GAMBUS 1A

ALL OTHER

BASED ON AVAILABLE INFORMATION AND THE RESULTS OF THIS STUDY, MENIDIA APPEARS TO BE

AN IMPORTANT FORAGE'SPECIES TO THOSE P|ISCIVOROUS FISHES FEEDING AT THE SURFACE OR [N

LITTORAL AREAS OF LAKE TExOMA.
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SUMMARY

| A SIEUD YaRoiE W HE VIS EE NHILS T RN BY BR Tl Ic AL IEASHE R AU AN D I SO AT D LS R LT O N S

AND THE FORAGE VALUE OF THE MississipPrI SHIEVBRSI DES S MENIDIA AUDENS, IN LAKE TEXOMA WAS

coNDUCcTED I DURIING 11965 PalNp #1966 s iGel LE im0 NS |0 F "FHisiHEWE REMMADERUSITING SANSMALIESMES B VER TG AllL
GILL NET; BOOM-TYPE ELECTRIC SHOCKERS; AND A SMALL SEINE.

2. MENIDIAWERE 'NEVER 'COLILECTED AT DEPTHS \GREATERURHANGEIVE (FEE T W TH ST E
VERTICAL GILL NET DURING LATE SUMMER AND FALL, AND WERE SEEN SWIMMING AT THE SURFACE IN
ALL SEASONS OF THE YEAR. THUS, IT APPEARED THAT THE VERTICAL DISTRIBUTION OF MENIDIA wAS
RESTRICTED TO THE UPPER FIVE FEET OF THE LAKE THROUGHOUT THE YEAR.

3. MENIDIA WERE COLLECTED PREDOMINANTLY IN THE LITTORAL ZONE WITH THE ELECTRIC
SHOCKER DURING THE WINTER AND SPRING, BUT A FEW WERE ALSO TAKEN NEAR THE SURFACE I[N THE
OPEN-WATER REGION OF THE LAKE. OBSERVATIONS DURING ALL SEASONS OF THE YEAR ALSO INDICATED
A GREATER ABUNDANCE OF MENIDIA IN THE LITTORAL ZONE THAN NEAR THE SURFACE IN THE OPEN-
WATER ZONE.

4. WITHIN THE LITTORAL ZONE, MENIDIA WERE MOST ABUNDANTLY FOUND OVER RELATIVELY
SANDY BOTTOMS POSSESSING A MAT O0F CHARA AND PROTECTED FROM THE PREVAILING SOUTHERLY WINDS.
No DIFFERENCES WERE DETECTED BETWEEN NIGHT AND DAY CATCHES, AND IT APPEARED LIKELY THAT

MENIDIA DISPLAYED NO DIURNAL MIGRATION TO AND FROM THE L ITTORAL ZONE.

5. GROWTH OoF MENIDIA sTOPPED IN OcTOBER IN LAKE TEXOMA AND BEGAN AGAIN IN MARCH

DURING 1965-66. THE LARGEST SPECIMEN OF MENIDIA TAKEN FROM LAKE TEXOMA DURING THIS STUDY
wAs |19 MM, TOTAL-LENGTH, BUT A |30 MM SPECIMEN WAS COLLECTED FROM BoOMER LAKE IN FEBRUARY,
1966. ApuLT MENIDIA WERE NEVER TAKEN AFTER JuLyY B3l, AND THUS IT APPEARED THAT THEIR MAXI|-~
MUM LONGEVITY WAS ABOUT |6 MONTHS. THE SCALE METHOD WAS UNREL IABLE FOR AGING MENIDIA FROM
LAKE TEXOMA.

6. FEMALES WERE FOUND TO GROW AT A FASTER RATE THAN MALES, AND FEMALES SIGNIF |-
CANTLY OUTNUMBERED MALES IN SAMPLES TAKEN BY SEINE DURING THE SUMMER AND EARLY FALL. THE
SEX RATIO DID NOT DEVIATE SIGNIFICANTLY FROM 50:50 FOR SAMPLES COLLECTED THROUGHOUT THE
WINTER AND EARLY SPRING, BUT THE SEX RATIOS OF SAMPLES OF FISH TAKEN IN APRIL AND MaAyY
SUGGESTED A GREAT PREPONDERANCE OF MALES IN THE LITTORAL ZONE POPULATION. THIS CAN BE MOST
LIKELY ATTRIBUTED TO THE UNISEXUAL AGGREGATIONS OF MALES FOUND IN THE LITTORAL ZONE AT THIS

M RO Ean EAR S IN JUNE, A SIGNIFICANTLY GREATER NUMBER OF FEMALES WAS AGAIN FOUND, WHICH




MAY HAVE RESULTED FROM A BREAKUP OF MALE AGGREGATIONS.

7. GONADS DEVELOPED SOMEWHAT IN EARLY FALL, BUT BECAME REGRESSED, AND REMAI|NED
IN THAT CONDITION UNTIL THE FOLLOWING SPRING WHEN DEVELOPMENT BEGAN AGAIN.

85 INDIRECT EVIDENCE SUGGESTED THAT SPAWNING OCCURRED OVER AN EXTENDED PERIOD OF
TIME, BEGINNING IN LATE MARCH AND EXTENDING THROUGH MID-JULY. SMALL MENIDIA COULD BE TAKEN
THROUGHOUT THE SUMMER, AND RIPE FEMALES CONTAINED MANY IMMATURE £GGS. NO COMPLETELY 'SPENT
FEMALE WAS EVER COLLECTED.

9. MEAN NUMBER OF MATURE EGGS PER FEMALE WAS 984, WITH A STANDARD DEVIATION OF
358.6 AND A RANGE FROM 384 T0 1699. NUMBERS OF MATURE EGGS WERE MOST CLOSELY CORRELATED
WITH THE WEIGHT OF THE FEMALES. THE POOR CORRELATION BETWEEN MATURE EGG NUMBERS AND OVARY

WELLGHT WAS PROBABLY DUE TO THE VARYING NUMBERS OF IMMATURE EGGS CONTA INED IN THE-OVARIES.

|0 TESTS OF SLOPES AND INTERCEPTS OF REGRESSION LINES OF LENGTH-WEIGHT RELATION-

SHIPS OF MALE AND FEMALE MENIDIA TAKEN DURING EACH SEASON OF THE YEAR INDICATED THAT YOUNG
MALES OUTWEIGHED THEIR FEMALE COUNTERPARTS IN LATE SUMMER. IN SPRING, HOWEVER, ADULT
FEMALES OUTWEIGHED MALES, POSSIBLY AS A RESULT OF EGG DEVELOPMENT.

Il. MEAN cATCH OF MENIDIA PER SEINE HAUL UNDERWENT A RELATIVELY CONSTANT RATE
OF DECLINE THROUGHOUT SUMMER, FALL AND WINTER OF |965-66. THE RATE OF DECLINE OF THE MEAN
CATCH OF THE 1965 YEAR-CLASS INCREASED IN MAY AND REMAINED AT THIS HIGHER RATE OF DECL INE
UNTIL THE LAST ADULT WAS TAKEN IN LATE JuLY. THE MEAN CATCH OF THE |966 YEAR-CLASS BEGAN
TO DECLINECIN JULY AND CONTINUED THIS DECLINE UNTIL THE STUDY WAS TERMINATED AT THE END OF
AUGUS T .

2. MENIDIA APPEARED TO BE AN IMPORTANT FORAGE SPECIES FOR PISCIVOROUS FISHES
INHABITING THE LITTORAL AND SURFACE WATERS OF LAKE TExOoMA. THEY HAVE BEEN FOUND TO BE AN

I G R A N E R (T = R NS T S ORI SO R W TR ERE B AT (ST Roccus CHRYSOPS, AND “ARE ESPECITALLY [MPORTANT "AS

FORAGE FOR YOUNG OF THIS SPECIES. MENIDIA REPRESENTED 78% OF 290 IDENTIFIABLE FISH TAKEN

FROM STOMACHS OF YOUNG LARGEMOUTH BASS, MICROPTERUS SAEMOIIDIE St COIN N EC TEDISINNSANICENS BIAS 0N € SOIE

THE YEAR, AND WERE FOUND IN 72% OF THE STOMACHS CONTAINING IDENTIFIABLE FISH. SHAD,
DOROSOMA SPP., WAS NEXT IN IMPORTANCE, REPRESENTING |5% OF THE IDENTIFIABLE FISH, AND

OCCURRING IN 20% OF THE LARGEMOUTH BASS STOMACHS CONTAINING IDENTIFIABLE FISH.
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Developmental Rates of Menidia audens with
Notes on Salt Tolerance

Crark Husss, H. BRYAN SHARP AND JOEL F. SCHNEIDER!

The University of Texas, Austin, Texas, and The University of Oklahoma
Biological Station, Willis, Oklahoma

ABSTRACT

Fertilized eggs of Menidia audens were incubated at temperatures from 10.2 to 36.4 C, normal
development occurred between 13.2 and 34.2 C, high survival was between 17.0 and 33.5 C, and
optimal development seemed to be between 20 and 25C. Cold lethality was associated with
depletion of yolk supply prior to hatching. Eggs in 14 sea water did as well as those in fresh
water; development through eye pigmentation was normal even in full strength sea water.
Adults were more salt tolerant with critical salinities being near full sea water.

INTRODUCTION

Reservoir construction and enlargement has
placed large bodies of quiet water in biogeo-
graphic areas in which natural lakes are rare
or absent; therefore, balanced and integrated
lacustrine biotas are not locally available.
Unfortunately, we can not wait until this fauna
evolves. In the interim a species can become

excessively abundant; many exotics have been
introduced to control the pests, sometimes with
the result that a second pest must also be con-
trolled.

The control of pest organisms by carefully
selected predators has been advocated by Train
et al., (1970). Biological control seldom re-
sults in extermination of the pest but may re-
duce the problem to manageable proportions.
Cook and Moore (1970) have advocated the
use of the Mississippi silversides, Menidia
audens, to control the pestiferous gnat, Chao-
borus astictopus, in Clear Lake, California.
The availability of the Mississippi silversides

1 Present address: Williston High School, Williston,
North Dakota.

as forage for game fish contributes to its de-
sirability. If this fish is to be considered as a
biological control agent, its life history must
be fully understood so that reasonable predic-
tions can be made.

This investigation was designed to deter-
mine tolerances of Mississippi silverside eggs
and young to thermal and salinity stress.
Several other items were observed that apply
to the life history of Menidia audens. Some
agreed with the published reports, some sup-
plemented the available information, and
others that were discordant were checked to
confirm the validity of our observations which
are reported below.

MATERIALS AND METHODS

Stocks of adult Menidia audens were ob-
tained at several localities on the north shore
of Lake Texoma, most notably at Mayfield
Flat, Willis Bridge, and Willis Island, and re-
turned to the University of Oklahoma Biologi-
cal Station. The adults were placed in styra-
foam coolers as soon as possible. Those left
in the seine more than 10 seconds after beach-
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“% SURVIVAL

Ficure 1.—Survival percentages of fertilized M.
audens eggs incubated at constant temperatures. A
successful test is one in which the larva depletes its
yolk after previously free swimming.

ing suffered severe mortality as did those in
slightly crowded coolers. Transfer between
coolers and/or checking for gametes had to
be done with extreme care to avoid 100% mor-
tality. Gametes were mixed in petri dishes
and inoculated into individual screwcapped
culture tubes (20 X 125 mm), which were
placed in the temperature gradient blocks de-
scribed by Hubbs, Peden, and Stevenson
(1969).

The eggs were checked daily for develop-
mental stage; the 4 intervals used had patterns
typical of the others. Gastrulation was con-
sidered to be equivalent to Oppenheimer
(1937) Stage 19; eye pigmentation equivalent
to Oppenheimer Stage 28; and hatching equiv-
alent to Oppenheimer Stage 34. The fourth
stage, starvation death, was thought to reflect
rates of yolk consumption (or general metabo-
lism). Eggs were considered to have been
successful if the young were normal and died
with small or absent yolk sacs. Those that
were abnormal (usually with the tail curled
ventrally) often were quiet when examined
and lived longer than their active siblings at
the same temperature. The number of days
required to reach each stage was recorded for
each egg, and the days were averaged for each
temperature station. After one to four days
of free swimming, normal young sank to the
bottom and did not move but had a visible
heart beat. Such young were allocated a half
day survival as they were obviously dying.

Most of the tests were run in Lake Texoma
water—water pumped from the Buncombe
arm—that had been placed in the culture tubes
2+ hours before inoculation (adequate time
for temperature equilibration). This water
may have contained supplies of microorga-
nisms but little population growth would be
likely in 5 cc water held in darkness.

The salt tolerance experiments used Rock
salt added to Lake Texoma water (ca 800
ppm total solids). Sea water was assumed to
be 33 ppt. Egg incubation salinity tests used
the same culture tubes and techniques as the
temperature stress experiments; evaporation
was nil in the covered culture tubes. The salt
toleration tests on adult Menidia used fish that
had been maintained at least 48 hours in styra-
foam containers. The fish were placed in vari-
ous sea water concentrations and mortality
rates recorded. Only those tests with minimal
(25% or less) mortality of controls were used
to calculate experimental results. Most experi-
ments (and all discussed below) were done at

20 == 241G

DEVELOPMENTAL TEMPERATURE TOLERANCE

Eggs placed at incubation temperatures
shortly after exposure to sperm had successful
development between 13.2 and 34.2 C (Figure
1). Survivals were more or less equivalent
between 17 and 33.5 C with a narrow upper
sublethal temperature zone and a gradual in-
crease in mortality associated with decreasing
temperatures below 17 C. These data were
paralleled by relative ability of the eggs to
castrulate. Only one egg was able to gastrulate
at 34.9 C and none at 35.6 and 36.4C. In
contrast six, four, five, and three gastrulated
at 12.6, 12.0, 11.4, and 10.8 C, respectively.
The differences occurred despite the greater
frequency of inoculations at high temperatures
(at high temperatures the eggs died in one
day but at low temperatures might live a week
without gastrulating).

Large numbers of eggs were incubated at
optimal temperatures and then transferred to
lethal temperatures at various developmental
stages. If transferred before gastrulation the
results paralleled those of eggs placed at incu-
bation temperatures shortly after fertilization.
If gastrulation had occurred, most eggs de-
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Forage Value of Mississippi Silversides in Lake Texoma
ANTHONY A. ECHELLE' and JAMES B. MENSE*
University of Oklahoma Biological Station
INTRODUCTION

The first specimen of Mississippi silversides, Menidia audens Hay, from Lake
Texoma was collected by Bonn in 1953; by the summer of 1954 the species was
quite common, and by 1959 it was one of the most abundant species in the lake
(Riggs and Bonn, 1959). Its abundance in Lake Texoma prompted the present
study.

This study is an evaluation of the forage value of Menidia in Lake Texoma,
based on food habits studies of white bass, Roccus chrysops (Rafinesque), (B. B.
Moser, unfinished M. S. thesis, University of Oklahoma); white crappie, Pomoxis
annularis Rafinesque, (Whiteside, 1962); gars, Lepisosteus sp., (Echelle and E. B.
May, unfinished M. S. theses, University of Oklahoma); and young largemouth bass,
Micropterus salmoides (Lacepede), done as part of this study.

METHODS AND MATERIALS

Largemouth bass for food analyses were obtained by seining and electrofishing
operations during 1965 and 1966 in the Buncombe Creek arm of Lake Texoma.
Electrofishing was done with a boom shocker described by Ming (1964). Collec-
tions were made at various times of day and night during all months of the year
except December.

A total of 536 young largemouth bass, ranging from 17 to 363 mm total length,
were examined, most (73%,) of which were collected during May and June. Each
kind of food item in the stomachs was enumerated and recorded. Data on food
items other than fish were not analysed.

Collections for relative abundance data for the Buncombe Creek arm of the
lake were obtained by making one seine haul with a 20-ft, }-inch, ace-mesh
seine at each of six stations, once by day and once by night. Collections were made
from February through August, 1966. In analysing the data of Table II, each seine
haul was treated as one unit of effort.

RESULTS AND DiscuUssioN

In Lake Texoma, Mississippi silversides began spawning in late March and
continued through the month of July (Mense, unfinished M. S. thesis, University
of Oklahoma). Whiteside (1962) stated that white crappie spawned in May and
June in the lake. Riggs (1955) reported that white bass spawn from April through
June, depending on the locality. Largemouth bass in Lake Texoma appear to be-
gin spawning in late April. Based on these spawning dates, Menidia apparently is
available as food when the young of these game fishes are in their initial fish-
eating stages.

Menidia are about 5 mm long at hatching and by September maximum total
lengths approximate 85 mm. Adults reach maximum lengths of about 130 mm
and have a maximum life span of about 16 months. Ovaries of 37 Menidia ex-
amined by Mense (loc. cit.) in 1965 and 1966 contained both immature and mature
eggs, indicating more than one spawn by individuals. The number of mature eggs
per fish ranged from 384 to 2094. Small adult size, coupled with the early and pro-
longed spawning period and relatively high reproduction rate, make large numbers
of fish available to adults as well as young-of-year piscivorous fishes throughout
the year.

1Supported by the United States Army Corps of Engineers through an Oklahoma Fish and
Game Council assistantsh'p.

2Supported by Federal Air Project F-16-R through the Oklahoma Fishery Research
Laboratory.
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Moser (loc. cit.) found Menidia to be the predominant food item in white
bass 38 to 148 mm, total length. Although less important in larger specimens, silv-
ersides were a significant item in white bass of all sizes, and occurred in bass
taken in all seasons of the year, with maximum numbers occurring in May and
June.

Whiteside (1962) classified Menidia as a “miscellaneous food item” in stomachs
of 719 white crappie from Lake Texoma. In Buncombe Creek the white crappie
occurs primarily at depths exceeding 4 ft (Grinstead, 1965) while Menidia rarely
reaches depths greater than 5 ft (Mense, loc. cit.). The infrequent occurrence of
Menidia in crappie stomachs may be explained by the difference in habitat pref-
erence of the two species.

Menidia was the most important fish in the stomachs of the largemouth bass
we examined, representing 787, of the 290 fish identified to family and occurring
in 729, of the stomachs containing identifiable fish (Table I). Menidia occurred in
largemouth bass as small as 24 mm, and, although insignificant compared with
other food items, it represented 909, of the 146 fish identified from bass of less
than 50 mm total length.

TABLE I. SEASONAL OCCURRENCE OF FisHES FOUND IN STOMACHS OF
536 LArRcEMOUTH BAss TAKEN From LAKE TExomA IN 1965 AND 1966.

Menidia Dorosoma Centrarchids Cyprinids

Winter (11) 4*

frequency 1 3 1 0

number 1 8 1 0
Spring (189) 29

frequency 2 4 1 1

number 116 i 1 1
Summer (306) 66

frequency 45 13 9 3

number 107 31 13 6
Fall (30) 1

frequency 1 0 0 0

number 1 0 0 0
Total (536) 100

frequency 71 OO 11 4

% frequency 71 20 11 4

number 225 43 15 7

% of identified

fishes 78 15 5 3

* Numbers in this column refer to the number of stomachs containing identifiable
fish; numbers in parentheses refer to the total number of stomachs examined.

Menidia ranging from sac fry to adults were usually found singly in the stom-
achs of largemouth bass. Instances in which bass were found filled with Menidia
(e.g., a 30-mm specimen contained 49 sac fry) may have resulted from the school-
ing behavior of young silversides. Throughout the summers of 1965 and 1966,
schools of several hundred young silversides were common near shore. Such schools
move through littoral areas in swarms and are relatively easy prey for predaceous
fishes resting among the vegetation.
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Based on relative abundance data (Table II) Menidia may be the most im-
portant buffer species in littoral areas of the lake. Menidia represented 719, of
total number of fish taken and was the predominant species sampled in every
month. Because of its abundance, it probably lessens the degree of inter- and intra-
specific predation among game fish. Furthermore, studies indicate that the abun-
dance of Menidia probably reduces predation on game fish by nongame species
such as gars. May (loc. cit.) found that Menidia represented 549, of the fish found
in adult longnose gar, Lepisosteus osseus (Linnaeus). Menidia represented 829, of
166 fish found in 386 young gars examined by Echelle (loc. cit.), while only 39,
were game species. This is significant since most of these gars were taken from
littoral habitats where young largemouth bass were quite common.

Based on this study, Menidia appears to be most important as food for those
fish that feed in surface waters or in littoral areas of the lake. Menidia was im-
portant for the white bass, a species that feeds in littoral areas and at the surface
in open waters. It was also important for gar and young largemouth bass, but was
relatively unimportant for the white crappie, a species of deeper water.

TaABLE II. CatcH PER UNIT EFFORT OF SEINING IN LAKE TEXOMA, 1966.

Winter Spring Summer % of Total

Menidia 7.4 343 713.8 71.1
Dorosoma 0.2 529 265.4 259
Lepomis 0.2 1.1 17.4 1.8
Pimephales 4.9 0.5 h4 0.6
Notropis 0.3 1.0 2.0 0.3
Micropterus 0.0 0.4 1.0 0.1
Gambusia 0.0 0.0 174 0.1
All other 0.0 0.2 0.9 0.1
Units of effort 12 55 71
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Estimating Fecundity in Mississippi Silversides,

Menidia audens (Pisces: Atherinidae)
JAMES B. MENSE and LOREN G. HILL,
University of Oklahoma, Norman
INTRODUCTION

Jordan and Evermann (1896) give the two type locations for Mis-
sissippi silversides, Menidia audens Hay, as the Mississippi River near
Vicksburg, Mississippi, and near Memphis, Tennessee. These were the
only places from which the species was known in 1896; however, the Mis-
sissippi silversides apparently is found throughout the lower Mississippi
River drainage, in Reelfoot Lake, Tennessee (Rice, 1942), and as far
north as the southwestern tip of Kentucky (Clay, 1962).

Except for range descriptions, information on this species is scarce.
Apparently nothing has been published on the fecundity of Mississippi
silversides, although Saunders (1959) studied the embryology of the fish.
The purpose of this study was to estimate fecundity of the Mississippi
silversides and to evaluate different methods for rapid estimation of the
fecundity of this species.

METHODS AND MATERIALS

Thirty-two specimens of Mississippi silversides containing mature
eggs were collected from Lake Texoma during spring and summer, 1966.
The specimens ranged from 68 to 118 mm in total length. While several
sizes of eggs were evident in each ovary examined, mature eggs were
readily distinguishable from all others by their larger size, transparency,
and yellowish coloration (Saunders, 1959).

Ovaries were removed from each fish and placed separately in petri
dishes containing a small amount of water. The amount of water used
was important: if too much was used, turbulence confused the count,
while if no water was used, the adhesive eggs tended to stick together and
became difficuit to count.

After placing an ovary in the petri dish, a sagittal incision was made
through the ovary wall, and the eggs scraped out with a scalpel. A bin-
ocular microscope was used to separate and count mature eggs. A drop-
per was helpful in removing groups of eggs after they had been counted.

RESULTS AND DISCUSSION

The mean number of mature eggs contained in 31 fish was 984, with
a standard deviation of 358.6 and a range from 384 to 1699. One female
86 mm in total length contained only 225 eggs. Since it is probable that
it was partially spent at time of capture, this fish was excluded from
analyses. One unusually large female caught in 1965 contained 2094
mature eggs, but was not included in analyses because of inadequate in-
formation.

Four measurements were compared with numbers of mature eggs to
determine the best technique for estimating fecundity: 1) total length,
2) ovary weight, 3) total weight, and 4) body weight. Body weight was
considered as the weight of the fish after ovary removal. Ovary weight
was determined indirectly by subtracting body weight from total weight.

Graphs with fitted regression lines for these four relationships are
contained in Figure 1, with statistics for the four relationships shown in
Table I. All four comparisons were found to be statistically reliable, but
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Figure 1. Correlation graphs and fitted regressions for total weight, to-

tal length, ovary weight, and body weight, A. B. C, and D re-
spectively, with mature numbers of eggs for the Mississippi
silversides.
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TABLE I. STATISTICS FOR COMPARISONS OF TOTAL LENGTH, TOTAL WEIGHT,
BopY WEIGHT, AND OVARY WEIGHT WITH MATURE Egé NUM-
BERS IN Menidia audens.

Total Body Ovary
Length weight weight weight
Correlation 0.8724 0.9129 0.9122 0.7748
coefficient, R
959, confidence 0.748 0.826 0.825 0.578
interval, R to to to to
0.937 0.958 0.957 0.886
Test for correlation:
T value 9.80** 12.86%%* 11°97 %% 6.57%*
Regression:
B 23.29 192.84 846.75 165.90
A —1278.18 126.99 153.10 83.90
959, confidence 18.34 156.41 181.27 764.76
interval, B to to to to
28.24 175.39 204.40 928.73

to different degrees. The 959 confidence intervals for the correlation
coefficient, R, probably give the best comparable estimate of reliability.
The total weight and body weight relationships have the narrowest con-
fidence intervals, while the confidence interval for the total length rela-
tionship was only slightly larger. The confidence interval for the corre-
lation of mature egg numbers and ovary weight was the widest.

It is apparent that the correlation between body length and numbers
of mature eggs is the most practical method from which to estimate the
fecundity of a population of Mississippi silversides, although correlations
between both total weight and body weight with numbers of mature eggs
are probably more reliable. The reason for the poorer correlation between
mature egg numbers and ovary weight could be due to variability in num-
bers of immature eggs contained in each individual pair of ovaries.
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Life History of the Brook Silverside,
Labidesthes sicculus,
in Crooked Lake, Indiana’

The brook silverside, Labidesthes sicculus
(Cope), is a common forage fish in the lakes
and streams of eastern North America. This
annual fish is the only widespread atherinid
in the freshwaters of the United States and
Canada. It ranges from Minnesota, through
southern Ontario and southern Quebec, to
New York and south to Texas and to Florida.
Silversides occur throughout Indiana (Gerk-
ing, 1945) and are abundant in the northern
lake district. They occur in schools at the
water surface and frequently make short
jumps out of the water. Much information
on the life history and feeding habits of
silversides has been gained through the studies
of Hubbs (1921), Cahn (1927), Ewers and
Boesel (1935), Boesel (1937), Fogle (1959),
and Keast and Webb (1966). This paper
presents additional observations on the life
history of silversides.

STUDY AREA AND METHODS
Silversides were studied in Crooked Lake
(Figure 1), located in the headwaters of the

1 Contribution No. 807, Department of Zoology,
Indiana University.

Vol. 97, No. 3, 19 July 1968
pp- 293-296

CROOKED
LAKE

F1cure 1.—Localities seined (darkened areas) for
brook silversides in Crooked Lake, Indiana.

Tippecanoe River drainage, part of the
Wabash system of Indiana. This marl lake
lies on the border of Noble and Whitley
counties in northern Indiana at 41°16’ N
latitude and 85°29” W longitude, 35 km north-
west of Fort Wayne. It has a length of 2005
m, a maximum depth of 33 m, a mean depth
of 14 m, an area of 76 ha, and an elevation
of 276 m above sea level. During the summers
of 1966 and 1967 the surface pH ranged be-
tween 8.4 and 8.7 at mid-day. Summer Secchi
disk readings ranged from about 5.0 m in
July and early August to as low as 3.0 m
in late August. Surface temperature is given
in Figure 2. The only inlet is a 75 m channel
connecting Crooked Lake with Little Crooked
Lake, which also contains silversides. The
outlet was dry during much of the 1966
summer. Although Kirsch (1895) did not
report silversides in Crooked Lake he did note
them from the following nearby lakes:
Shriner, Cedar, Round, Big, and Loon:
Silversides were seined at least once a
month, except in February, in a bag seine 11
m long, 3.2 mm oval mesh, between 9 Janu-
ary 1966 and 23 August 1967. On 5 Novem-
ber 1965, a sample was collected with a 6.4
mm sq mesh seine. Seining was usually con-
ducted at dusk, between 1800 and 2100 hrs.
Newly hatched silversides were collected with
a fine mesh dip net. Scales were removed
from the side beneath the first dorsal fin.
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Ficure 2.—Growth of brook silversides in Crooked Lake. The mode (heavy line) and range (thin line)
are indicated for each year class. Total number of fish employed is about 11,500. Surface temperature

near shore at dusk in °C is superimposed.

The recommendations of Hubbs and Lagler
(1964) were followed in making meristic
counts.

RESULTS AND DISCUSSION

In 1966, silversides spawned from at least
17 June to 5 August. Spawned eggs were
numerous when their presence was detected on
17 June. They remained numerous until 19
July and were found as late as 5 August.
Most eggs were attached to Scirpus and were
most abundant on the offshore portion of the
bed, to water depths of 80 cm. Eggs were
seldom found near shore where Scirpus was
dense. Many eggs were also found attached
to Potamogeton. Paired silversides were ob-
served around the emergent aquatic vegeta-
tion, Nymphaea, Nuphar, Peltandra, and
Pontederia. These plants, which were not as
abundant as Scirpus, supported few eggs.
Silverside eggs were commonly found attached
to floats placed in the limnetic area over water
25 m deep and on the anchor-rope of floats, to
depths of 9 m. It is not known whether the
eggs were laid at these depths or whether they
became passively attached. In April the eggs
in silversides were 0.15-0.25 mm diameter.
Fully ripe females in June had eggs which

were 0.8-1.2 mm and orangish but also had
many immature whitish eggs of 0.2-0.6 mm.
The distinctive long filament attached to eggs
was about 0.008 mm in diameter (measured
from enlarged photographs) . In the ovary each
egg was enveloped by its filament. Virtually
all eggs had one filament, as noted by Hubbs
(1921) and Cahn (1927). Fogle (1959),
however, found two filaments on each egg.
Eyed eggs that were taken from Crooked
Lake and hatched in the laboratory produced
young of 4 mm total length.

Because of the fast growth rate and short
life-span of silversides the length-frequency
method was used for age and growth deter-
minations. An analysis of scales was also
employed but was necesary for age determina-
tion in few individuals. First year growth
of silversides is rapid (Figure 2). The rate
at which maximum size is reached exceeds
that of all but one species in the list of
Beverton and Holt (1959). Some young of
the 1966 year class, when 3 months old (mid-
September), had already reached the modal
size of the 12 month old spawning group of
the same year class.

In both 1965 and 1966 there was a marked
decrease in the modal length of the popula-
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ALSO:
Statement:
" Bpook trout, rainbow trout, Scotch lake trout, and stéelhead trout
are now firmly established in Colorado, noneof them being indigenous.
The brook trout affords better fishing than the native black-spotted

trout, and more eggs of brook trout can be colledted in Colorado than in
any other state, where hatcherles are located, to which the speciles is
native."




