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ABSTRACT

This study completes a segment of a project to evaluate the use of
anhydrous ammonia as a fisheries management technique in small im-
poundments. Objectives were to determine the feasibility of using anhy-
drous ammonia for fish eradication, for pond fertilization, and for vegeta-
tion control. Treatments in 15 pounds in Central Texas indicate that
anhydrous ammonia fulfills these objectives. Anhydrous ammonia was
selected because of known toxicity to fishes and because ammonia is a
naturally occurring compound. Thus, the use of anhydrous ammonia
as a total or selective population control agent will not leave a per-
sistent nondegradable residue in a pond. Treatment rates varied from
13 to 40 ppm of anhydrous ammonia. Higher treatment rates caused
total kills while lower treatment rates appeared selective for certain
species. Phytoplankton and zooplankton populations were decimated and
recovered slowly, As expected, profound changes in ammonia, pH, CO.,
and alkalinity occurred following treatments.

INTRODUCTION

Management of fish populations in small impoundments often requires
the use of materials which are toxic to fish. The well-known purpose
of using fish toxicants is to eliminate or reduce undesirable fish popu-
lations to facilitate restocking. Insecticides, partcularly rotenone, have
been used for many years to control fish populations. Anhydrous am-
monia. was selected for this study because of its potential as a fish toxi-
cant and because of possible coherent benefits of fertilization and vege-
tation control. Furthermore, introduction of anhydrous ammonia into
a pond will not leave a persistent non-biodegradable residue.

The toxicity of ammonia to fish is well known. Wallen, Greer, and
Lasater (1957) rated ammonia as seventh in toxicity among the 86
chemicals tested in turbid water. Duodoroff and Katz (1950) cite
numerous investigations giving results of lethal concentrations of am-
mox;\}?{ around 2 to 7 ppm with the highest ranging around 25 ppm
as 2

Ammonia gas is soluble in water to the extent of 100,000 ppm at 20°C.
It reacts with water to form ammonia and hydroxyl ions. McKee and
Wolf (1963) cite the combined reversible equations for this equilibrium

reaction as being: + _
NH:; + H:0=NH,0H=NH, +O0H

Belding (1927) found that fish exposed to ammonium hydroxide indi-
cated symptoms of: irritation, rapid-irregular and frenzied movements,
loss of equilibrium, and depressed respiration. Brockway (1950) specu-
lated that the mechanism of ammonia toxicity to fish was a reaction in
which the hemoglobin of the blood loses the ability to unit with oxygen
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or to liberate carbon dioxide and that the fish suffocated. Jones (1964)
cites that the relation between the toxicity of ammonia solutions and the
concentration of undissociated ammonia or ammonium hydroxide sug-
gests that ammonia acts on fish as a true internal poison entering the
body by way of the gills, but that the exact nature of the mechanism is
not known.

METHODS AND MATERIALS

The anhydrous ammonia was metered into all ponds through a
3g-inch diameter hose from trailer-mounted tanks. The hose outlet was
suspended 2 feet above the pond bottom. Introduction of the ammonia
was made in the deepest water areas of the pond with approximately
one point of introduction per surface acre. Application rates varied
from 13 to 40 ppm. Pond sizes varied from 0.1 to 4.4 surface acres.

In four ponds (Ponds 1, 2, 3, and 4) pre-and post-periodic measure-
ments were made of the water temperature, pH, alkalinity, NH,, and
CO.. However, only pH and temperature were taken in the remaining
11 ponds at the time of treatment. All ponds were observed visually for
the first 24 hours after treatment and once per week for 4 weeks after
treatment. Fish were collected for identification. Between 2 and 4 weeks
after ammonia treatment, each pond was checked for any remaining
fish population by seining and/or draining, The seine used for this pur-
pose was a 50-foot bag seine with %4-inch mesh. Two ponds (Ponds 5 and
13) were treated with 5 pounds of 5 percent rotenone powder per acre
foot of water 2 weeks after the treatment with anhydrous ammonia as
a further check to discover any remaining fish.

RESULTS

Physical and Chemical

The immediate major chemical changes which appeared to be caused
by ammonia treatment were increases in pH, ammonia nitrogen, carbo-
nates, and hydroxides. Carbon dioxide and bicarbonate amounts de-
creased temporarily (Table 1). Prior to treatment in Ponds 1 through
4, the ammonia nitrogen ranged from 0.4 to 1.5 ppm. Introduction of
20 to 40 ppm of ammonia caused proportional or even greater increases
in ammonia nitrogen 24 hours after treatment. In Pond 1, the introdue-
tion of 28.8 ppm of ammonia increased the ammonia nitrogen from 0.4
ppm before treatment to 37.7 ppm 24 hour after treatment (Table 1).

Pretreatment measurements of pH ranged from 6.9 to 8.0 and in-
creased to a range of 9.4 to 10.0 twenty-four hours after treatment.

Generally, in Ponds 2, 3, and 4, all measured chemical and physical
characteristics returned to approximate pretreatment values 30 days
following treatment. However, increased pH and ammonia levels per-
gisted in Pond 1 for 8 months after treatment. Ponds 2 through 4 were
treated in March with water temperatures varying upward after treat-
ment. Pond 1 was treated in November with water temperatures vary-
ing downward after treatment.
Fish

Generally, the fish in a treated pond would begin to surface and
die 1 to 3 hours after introduction of anhydrous ammonia. Although
frenzied activity and irregular movement of the fish was evident, the
irregular activity observed in all treated ponds was much less than ob-
served in past experiences where rotenone was used as the fish toxicant.

Data are insufficient to indicate specific toxicity levels for the dif-
ferent species of fish used in the test. However, it appears that shad,
sunfishes, and catfishes, including bullheads, are among the most sus-
ceptible (Table 2).

A “complete” kill of black bullheads (Ictalurus melas) was obtained
in Pond 9 at a treatment rate of 20 ppm. The more tolerant species ap-

513



4994 B0V 1g'0
199 A0V 19"
934 210V £¢']
“190,0 IOV (LGE

‘uaye], JoN sordureg -

AWN[OA {8310V Z1'Q = Baay doeung ‘wdd 9y — 238y jwewyesl], § puod i
2WN[0A {83I0B ()g°) = oIy 2oBrng ‘wdd ('¢g == 9JBY JUSWIIBALY, & puog 4
JWN[OA {8310V §Z'( = B3Iy @orpmng fwdd (°0g — 918y IUSWIEAL], § PUOJ 4
QWIN[0A 8310y (' = ®OIy Soeling fwdd g'gg = 93vY JUSUIIRILY, | PUOd ,

0'Te 00 00 o'y 0’18 00 TT
00 009 0'49 00 0611 0'68 0'€e
0§38 00 00 0'g 0°83 00 (4}
0'Lg 00 00 0L 0.3 0'0 g1
00 0°09 068 00 0'SvT 0°STL 1474
083 00 00 0y 0'33 00 b
0°LT 00 00 a1 0L 00 TT
00 0°9¢ 00 00 0°90T 8'8 g18
0'83 00 00 0T 0'82 00 Lo
8368 9'¢ 00 6y 673 g1 g1
397 00 00 gL a9y 00 0'¢
€8 9'6¥ 00 00 8'GL 8738 T'6T
00 896 9°61 00 VLIT G'89 L'Lg
. °. Y. 19 . . 70

gL jusuIjBaL], 1937y YIUOW 1
ootr JUOMIBAL], I9JY SINOH ¥7
Z'g e JUBUI}BOL], 2I0FOF

1y puod

TL o judujeady, I91JV YIUOW T
66 JUBMWGRILY, 191V SINOY %3
o AR JuUaUI3BaL], 9I0J0g

1g puog

gy JUSUIYRAL], 19TV YIUOTY T
6 jusuyeaL], 03Iy SINOH %3
GL e JusUI} BT, SI0FOH

#%6 PUod

6L JUSUI}BDLT, IPFV SYIUOTY §
oL JUSUIJBOLY, I93FY SUIUOI €
06 JUSUIIBOL], 19TV SYPOM G
96 JuPWIBALY, 18IV SINOH 3
69 Jusiujeody, o10jog

%1 puod

(wdd)  (wdd)  (wdd) (wdd) (wdd) (wdd)  (wdd)
*0D0H *00 HO 00 Mupeyly LuneNy  *HN
el  [ousyd

“BTUOWIUIE SNOIPAYUE YJLM JUSUI)BOI} I9)Je pur oIoFeq spuod 159} Jo vjep [eowsyd pue [edishyd Fo uosiredwio) ‘T @14V,

514



outeg

suuffo prsnqQuIBL)

swuYffo vISNQUIDY
SV} SMAN]DII]
snpounfio syuodsry
SNAYI0LIDUL SrUL0dDT

0°6¢ G0 €

ureI(y
aureg

sl visnQuiDy
snyjounfio stuwodary

stuo visnQuiDy
8DIN2]08fi4d 8NUOLLMDION
snounfio sywodary
sny20400uUl stuodary
snyozound Snun]nof
smynqnq snqounoy

0'08 €0 G

JUIdg pUe [MBL],

QuUON

8oPLOUDS SNU22dOLIL I
snydojosorus spwmodary
s10)vbau stuodary
SNAVYO0L0DUL SLULOADTT
snpounhio sywodary
snsonb snyfiiqouany))
sSNUDADS snuapopasydy
swuffn DISNQUIDY
SNIDIOU STYNPUN T
8DIUL SNANDII]

01d.p? 82pordun))
8DIN2]108ALd SNUOLIWIION
xopbia sappydawrd
818U4IN] 81A0LFON
SNVPNDIOLID SidosTON
WNIDULOUD DULOFSOAWD))
nuy v4qui[]

8'8% vy T

USLA @Al
10, Surspay)
JO POUIBIN

BUIAlAIngG s9109dg

PaIII seadg

(wdd) (sexoy) puog

a8y BOLY
JUOWI)BOAL], 90BIING
eIUOWUW Y

‘spuod waey seXd], 9T Ul YSY U0 Jusijedl] BIUOWINE SNOIPAYURB JO 1037° oY} JO AlBwiwing ‘g @IEV],

515



suuffo vISnQUInH
$D9N3]08ALd SNUOLLYUIION
SDJPUL SNUMYDII]
snjppunfio syuoda’y

auteg syl DIsnQUIDY $N42Y00.4L0DUL SLUM0dDTT 0'0¢ L0 8

auleg SUON snypounfio suodary 008 7’0 L
snaunfio spumodsry

auteg SuON SDJPUL SNANIDIO] 008 21 9
DIVLISOL DIIINOUY
8N2880 SNo8051doT
sSpjoUL SNUNYDIO]
8DON2)0SALD SNUOLIUDION
01d402 snudi)
snydojosnu sruoda’y
s10)pbaw syumodoy
SaPLOUL DS SNABFAOLILPY
S19N 11D snsonb snyfiaqousny)
auouajoy SILD)RUUD SIXOUOT

aureg snasso snapsosidory WRUDLPadad DULOSOL0 (] 008 0'g G
SISUBYDIPDY SBIBUOUID]D
dds vuny

aureg SUON ‘dds snapquin)) 0'0% (4 {4

YSLJ 9AIT BurArAIng sordedg POIII seradg (wdd) (seaoy) puod
10, Surydey) oyey BIIY
FO POUYIRIN JUAUIIBIL], 90BIING

BIUOWW'Y

516



snjjpunfio srutodary

aureg dUON 8D]OUL SNAN]DIO] 0°03 80 g1
s1uYfD VISNQUDY
swulffo msnquiny snynound SNV
SDONDI08Fikd SNUOLLUIION SPON2]08fiud SNUOLIUMSION
ureiq SNYDUND SNISSDAD)) SNIVUND SNISSDUD)) 0'er T0 T
SNIVIND SMISSDUD))
swuylo msnqQuiny
urel( SUON b soppydoung 0°0¥ T'0 8T
aureg
SION 1119 82P0UNDS SNU3)d0LIL I 89pLOUW] D8 8NUPIAOLIL T 002 31 41
$DIND08ALD SNU0FLWUI20 N SVoN2]08ALD SNUCBLUIION
aureg SYDIDU SNANYDII] SYDIOU SNANYDII ]
S3eN 11D SD]OUL SNINDIO] SDJOUL STANIDIO] 0°03 0'g 11
SNUY2040D U SLULOADTT
89PLOULDS SNAIIA 0L YT
urer(q SUON SULDIRUUD SITOULOJ 002 90 0T
SWYID VISRQUDE)
8DINB108ALY SNUCLIUIION
SNLLYD040DWL SYUOdDTT
sn)euvfio stuodary
aureg 1D PISNQUIDY SDJPUL SNAN]DII] 003 70 6
ysi 9AI] Buiaraang sopoedg POt so1oedy (wdd) (sexdy) puog
10 Buryoay) ajey 'Y
JO POYId | JusUIBILY, 9dRFING

eIUOWW Y

517



peared to be the long-nosed gar (Lepisosteus osseus), the golden shiner
(Notemigonus crysoleucus), and mosquito fish (Gambusia affinis).

Only long-nosed gar appeared to have survived a treatment of 30 ppm
in a three-acre pond. Although many gar were killed during the treat-
ment, a set of 600-feet experimental gill net (1- to 3-inch mesh size)
caught nine long-nosed gar weighing from %% to 4 pounds 2 weeks after
the treatment. Spot checks with rotenone and numerous seine hauls
collected no other fish from this pond.

Mosquito fish populations survived treatments of 30 ppm or lower,
but an entire population was killed in a small pond (Pond 13) at a
treatment rate of 40 ppm. Generally, populations of macro-invertebrates
such as crayfish (Cambarus spp.) and fresh water shrimp (Palaemone-
tes kadiakensis) were decimated at higher treatment rates.

All data relative to fish toxicity are summarized in Table 2.
Vegetation

Three of the 15 ponds treated during this study had dense growths of
vegetation. Pond 12 had an infestation of Chara wvulgaris and Najas
quadalupensis covering 80 percent of the pond area. Pond 10 had an
infestation of Najar quadalupensis over 50 percent of the pond area.
Pond 1 had an infestation of Brasenia schreberi covering 20 percent of
the pond area. Within 2 to 4 weeks after the introduction of anhydrous
ammonia the vegetation in the above ponds disappeared completely. Six
mon(‘;hs after treatment, only Chara had re-established itself again in
Pond 12,

Fertilization

Productivity measurements were not conducted during this segment
of the project. However, vigual observance of all ponds revealed the de-
velopment and persistence of dense plankton blooms in all ponds treated
during the spring or summer. Normally, the dense blooms appeared
within 2 weeks after ammonia treatment and persisted in each pond
for 30 days or more. Weekly post-treatment analysis in Pond 1 indi-
cated almost complete decimation of the phytoplankton and zooplankton
communities with very slow recovery. Recovery of the plankton popula-
tions in this pond could have been delayed by the low winter tempera-
tures following treatment. In the summer (July) following the fall
ammonia treatment of Pond 1, there was a three-fold increase in phy-
toplankton members,

CONCLUSION

The results of the first segment of this study indicate that anhydrous
ammonia can be used for fish eradication and also appears to have fer-
tilization and vegetation control qualities. It is an inexpensive, readily
available material whch can be easly applied to ponds. Treatment of a
pond with anhydrous ammonia drastically alters its ecology. The ab-
sence of a persistent residue should allow the pond to return to a pro-
ductive state.

Data from this segment were insufficient to qualify toxicity levels for
a given species. Future experimentation will be directed toward de-
termining: (1) species specificity, (2) physiological effect of ammonia
upon fish and other aquatic organisms, and (3) effect upon the benthic
and planktonic communities.
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SURVIVAL OF YOUNG OYSTERS IN AREAS OF
DIFFERENT SALINITY IN MOBILE BAY

By EDWIN B. MAY and DONALD G. BLAND

Alabama Department of Conservation Seafoods Division
Alabama Marine Resources Laboratory Dauphin Island, Alabama

The oyster drill, Thais haemastoma, is the most serious predator of
young oysters in Alabama. Mortalities as high as 95 percent have been
attributed to drills in some areas (May, 1968). The distribution of T.
haemastoma within the state is regulated by salinity. It is generally
accepted that average salinities in excess of 15 ppt favor drill popula-
tions (Chapman, 1959) and that their activity diminishes if salinity is
below 10 ppt. (Galtsoff, 1964)., Drills are abundant in higher salinity
areas of lower Mobile Bay and Mississippi Sound but are restricted or
absent in areas of the northern half of the bay with average salinities
less than 15 ppt.

Bottom salinities in Mobile Bay were studied by Austin (1954), Nel-
son (1967) and McPhearson during 1965 and 1966 (in Ryan, 1969).
Additional data were gathered by us from 1967 to the present. All these
data generally agree that a difference of about 3 to 10 ppt exists be-
tween the two areas throughout the year with the salinity in the north-
ern area generally averaging below 15 ppt while the southern area is
usually above 20 ppt (figure 1).

During August and September, 1968, oyster shells were planted for
cultch in two areas of different salinity in lower Mobile Bay. Survival
of spat and young oysters from a September-October set was observed
biweekly from September, 1968 through May, 1969 by counting the
average number of spat per shell from randomly dredged samples of
25 shells taken from each area.

The high survival of young oysters in the lower salinity areas was
attributed to the lack of drills, Over 85 percent of the oysters in the
higher salinity area were killed by oyster drills during the 9 month
period (figure 2).
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