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ABSTRACT

One hundredeninety two thousandefive hundred rainbow trout
were stocked in Neur Lake in East Azarbayjan province. Amphipod
population estimations were initiated to monitor the population
dynamics of this species since it will be the sole source of food
for rainbow trout (Salmo gairdneri).
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On 22 and 23 Ordibehesht 1353, 192,500 rainbow trout (Salmo
gairdneri) were purchased from the Jejrud Fish Hatchery for StOCkan
in Neur Lake in East Azarbayjan province.Two thousand five hundred
(2,500) extra fish were provided by the hatchery for mortality losses.
The fish averaged Le5 cm and were transported aboard commercial trucks
in three 1800 liter fish tanks. Due to logistical difficulties a
mortality of 10,000 to 20,000 trout was suffered. The Jejrud hatchery
has admitted full responsibility and has agreed to stock 15 ;00020 ,000
additional trout at no additional cost to the Department. These fish
will be stocked at the earliest convenience of the Fisheries section.

The Fishery section has initiated a program to monitor amphipod
population levels in Neur Lake following the introduction of these
rainbow trout. This species of amphipod (Gammarus fasciatus) will be
the sole source of food to these fishjthus, we do not want to over
exploit the food resource with a stocking program that is too large.

Appendix I is the raw data collected on this survey. After
more collections on amphipod data have been made this summer we will
carry out statistical analyses to determine if any significant increase
or decrease has occurred in the population.
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NEUR LAKE AMPHIPOD POPULATION ESTIMATIONS
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METHODS OF CALCULATION FOR ESTIMATTIONS

Bottom Sampler(circular)
inner diametere~ 8 centimeters
circle greaw 50.2k cm2 (pi times radius‘w Bl X(é)z)
1 meter = 10,000 cm?2
10,000/50= 200 o
Average sample per station X 200w Amphipods/meter

Plankton net(circular)
Inner diameter= 20 cmi o
Area of circlem 3.14 X 10
10,000 cm?/ 31k cm? = 32 5
Average sample per station X 32 = Amphipodq/ meter

= 314 sz

Insect Net (Rectangular)
50 cm X 27 cm = 1350 cm
10,000 cm2/ 1350 cm? = 7 i
Average sample per station X 7 = Amphipods/heter

The bottom sample is actually a sample of the water column from the
surface to the bottom including the bottom area under the water column and
thus represents the most reliable sample. The plankton net only samples the
amphipods swimming in the water column ABOVE the substrate and does not include
the bottom sample. The insect net collects only the bottom sample and not the
amphipods above the substrate in the water column.




Amphlpous collected 24 Ordibehesht 13)3 (14 Mny 1974)
Water Temperature 17 C
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APPENDIX II
Neur Lake Amphipod Population Estimation
Estimator of the population mean = g (mhu)

yi/ n = 3240/7 = 462.86
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95% Confidence Limits = B
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N = number of square meters in Neur Lake = 2,450,000
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APPENDIX III

Further Notes on Neur Lake

On 28 Ordibehesht 1353, stomach samples were examined from six
rainbow trout fingerlings stocked on 22 and 23 Ordibehesht and
all stomach contained immature amphipods. This is an excellent
indication that the fish began to feed irmediately upon being
stocked in tée lake.

On 5 Khordad 1353 20,000 additional rainbow trout fingerlings were
stocked in Neur Lake by the Jejrud fish hatchery as compensation for

the mortality suffered on the initial stocking trip on 22-23 Ordibehesht.
At this time the area around the lake was subjected to a tremendous
infestation of what was believed to be black flies (Simulidae)}. Hosseini

L ) L P B R s 1 ¥ 3 R 1 = ¥ . Ryaadl
and Saadati sa chat ativas lilce plagt wlo ole to breathe

5 Khordad bec¢an to feed imm ately on
the fish were in the water. The insects
nce to the villagers in the area for about a
eell dlan L time each year. With 200,000 trout stocked
i v black fly population might be somewhat
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ABSTRACT

Forty 1352 stocked rainbow trout averaging 1176 grams iﬁ weight
and 39.7 cm in length were collected. Alzo collected were 17,1353
stocked rainbow trout averaging 18.7 cm in length and 125 grams in
weight, Two separate amphipod population estimations gaVe mean

population values per square meter of surface area between 1116 anphipods

2
per square meter and 1478 amphipods/m”. This is 150 ~ 300 % greater

than was observed prior to the introduction of the 200,000 rainbow trout.

Preliminary research objectives are outlined for Neur Lake.




Title: Neur Lake Limmological Investigation II, 6=11 Mordad 1353
Project Number: L -~ 6 « 53
Work Projects Initiated: WP 1 General Survey
WP 2 Fish & Aquatic Invertebrate Collections
WP 4 Population Estimations
WP 5 Stocking and Analysis
Period Coverd: 6-11 Mordad 1353
Personnel: Dr. Robert Behnke,Advisor,Fisheries & Aquatic Biology
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INTRODUCTION

A five day survey of Neur Lake was performed to assess the status and
growth rates of the introduced rainbow trout. Amphipod population
estimations were also determined as part of the fishery group'!s contine
uiing monitoring of this species! ponulation trends. Since the amphipods
provide the sole source of food for the rainbow trout, investigations

of this species' population dynamics are necessary to avoid over=exploit=

ation of the amphipod resource.

Water samples were collected with a Kemmerer water sampler at the

sampling station indicated on the map of Neur Lake (see appendix,
Figure Five). Water quality data were collected and determined with a

- modified Hach Kit with methods as outlined in Standard Hethods(1971).




' Plankton Samples were collected with a plankton sampler net and

fish samples were collected using four horizontal gill nets (3meters
X 25-50 meters; 25-~50 mm mesh sizes)e. Plankton populatiom estimates
were determined as outlined by Welch( 1948). Amphipod population estimates
were made using a modified core sampler and statistical calculations

were determined as described in Mendenhall,Schaffer, and Ott (1971).

DISCUSSION
Physical and Chemical Data

Water quality data is presented in Table One below. This reflects
no significant changes in conditions found on previous surveys in the

past tvo years (Nehring, 1352). : .

Table One . Vater Quality Data - Neur Lale, § Mordad 1353, 1200 hourss,
Depth = Air 7T Water T DO, pH Alkalinity Hardness  CO2
(m) (c) (c) (mg/1) ( as mg/1 CaCo,) {mg/1)

2 :

surface 14,0 15.0 9.6 Ta 165 154 -
2-5 15@0 15.0 8.2 701 130 160 D~

Biological Data

Forty 1352 stocked Salmo gairdneri averaging 39.7 centimetears

in length and 1176 grams in weight and forty~seven 1353 stocked

Salmo gairdneri averaging 18.7 cm and wei hing 125 grams, were
9 g ?

collected on this survey (sce Table Two for details). These fish

- showed phenomenal growth with condition factors of 1.87 and 1.91
respectively. Using the data from this survey and the first Ordibehesht
survey (Nehring, 1353) Figures One,Two, and Three were created (sce
the Appendix). Figure One presents the length-weight data for Neur Lake
rainbows. It can readily be seen that once the fish reach approximately
30 cm they begin to gain weight rapidly. This results in a very plump

robust fish with very high cdndition factors.,




Table Two. Biometric Data, Salmo gairdneri, Neur Lake, 7~11 Mordad 1353

1

_ N Length(cm) Range VWeight(g) Range Condition Factor
1332 Trout 40 39.7 3645 1176 750=1700 187
1353 Trout 47 18.7 156 5«22 125 65=170 1.91

Figure Two (appendix) depicts the projected growth rates in the
length of,the 1353 stocked rainbows, Examination of this graph reveals a
projected average length of over 30 cm by the end of Shahrivar when the
Fisheries Group intends to install aeration equipment in Neur Lake.
Figure Three indicates these 30-32 centimeter trout should average 400
to 500 grams by Mehr 1353. Figure Three is a graph of the projected
growth rate of the 1352 stocked rainbows. Between §D0rdibehesht and
7 Mordad (90 days) these trout displayed an amazing weight gain of
8.7 grams per day! Projecting from this graph the 1352 stocked rainbows
should be averaging 45 cm in length and 1600 grams in weight by Mahr
1353.

The raw data and the statistical calculations for the amphinod
population estimations are presented in the appendix. The population
estimates are separated into two groups. The first estimate includes
all samples collected on this survey(see map of Neur Lake for sample

stations). This estimate showed 1116.07 amphipods per square meters.

The second population estimate resulted in a population of 1478.5

o
amphipods/m~ and was based on stations with a sandy substrate.{See

the appendix for detailed information). Regardless, both estimates
reveal a 150 - 300 % INCREASE in the population per square meter
as compared to the 462,85 amphipods/m2 observed in Ordibehesht
(Boettcher, 1353)+ This is quite natural and is what the Fisheries
Research Group expected to find if the trout were not fully exploitinmg
the amphipod resource,

Detailed documentation of the biology and life history of
the amphipod population in Neur Lake is an absolute necessity for
proper management of the Neur Lake fishery. At present such knowledge
is lacking. The following paragraphs are the result of our examination

of the amphipod population to date.




Breeding amphipods were observed during the first survey in

Ordibehesht. Antenna segment counts from amphipods collected on the

' second survey in Ordibehesht 1353 indicate the adult (sexually mature)
amphipods have 22 to 33 antenna segments The Ordibehesht sampling
(2nd survey) consisted of over 90 % adult amphipods. These had overw
wintered under the ice and had begun to reproduce when the water
conditions became suitable in early Ordibehesht. They produced the
generation of immature amphipods present in Neur Lake on the second
survey about 25 Ordibehesht. These immatures had 14=19 antenna segments
(Boettcher,1353).

On this survey the samples contained more than 99% immature
amphipods with 9-~13 antenna segments.These amphipods were the young
or subsequent generation(s) of the immature amphipods collected
during the 2nd Ordibehesht survey.

Stomach analysis revealed that both the 1352 and 1353 stocked
rainbows vere feeding exclusively on adult amphipods(see Table Three
below and Figure Four in the anpendix). This selection for adult
amphipods is indicative of an under exploited amphipod population.
The adult amphipods complete their reproductive cycle and instead of
dying and contributing to the detritus in the lake they are usefully
channeled into the trout biomasse.

Continual monitoring of the amphipod population trends and
research into the biology and life history of this population will
enable the fisheries research group to determine the optimm: trout

stocking density without adversely affecting the amphipod populations.

TABLE THREE. Amphipod Antenna Segment Data,Neur Lake, 10 Mordad 1353

Number of Antenna segments on the Right Antenna of Gammarus_sp.

Substrate Amphipod Saniple
Trout Stomach Sample (52)

~ Trout Stomach Sample(53)




2

A two meter vertical plankton tow indicated a zooplankton pope
ulation of 1220 cyclopoid copepods/liter and 122 Cladocera/liter
(see Appendix%for calculations). Stomach analyses from over 20 trout
from both the 1352 and 1353 populations revealed no predation on
the zooplankton. \

Nineteen female from the 1352 stocking had granular ovaries
and all males from the 1352 stocking had mature testesy indicating

these fish will spawn in the spring 135L.

CONCLUSIONS & RECOMMENDATIONS

Neur Lake has more than lived up to the wildest expectations
of the Fisheries group (Nehring, 1352a;1352b;1352c,1353)(Boettcher,
1353). The lake is practically a pure trout culiure medium. Further—
more, Dr. Behnke believes the trout are displaying world record i
grovith rates. They increased 900 grams in weight. in 90 davs!

ertainly the phenomenal growth rates from a single invertebrate
population is unmatched in the temperate regions of tE% world.

Since the trout feed exclusively on a high carotene diet
contained within the amphipods, the trout have a very orange ceclored

flesh vhich is very firm, not unlike Caspian Salmon (Salmo trutta

caspius). These fish should command a premium price on the market
when harvested.

This year the cormercial fishery will probabiy be operate&
as a concession let by the Department. But we hope in the future
(next year} the local villagers can be incorporated into the
operation as a fishery cooperative. Loans from the Agricultural
Development Bank will have to be arranged to finance the operation.

flowever, the Department must at all times have complete control

and authority over the management policy and complete control of

the harvest operations.
One of the most important objectives of the Neur Lalke research

program will be the determination of optimum stocking rates and

be

densities. These stocking rates willpdetermined by regularly plotting
the trout growth curves for different stocking rates. Witih heavier
stocking rates and establishment of intraspecific competition between

different age classes of trout the maximum growth rates will eventually
fall off.




With all factors considered, such as optimum market size,

optimum growth rates, optimum use of the amphipod resource, and
optimum stocking densities, we can effectively manipulate the Neur
Lake fishery to provide as great a yield per hectare as possible.

Dr. Behnke and Jack Boettcher spent 20 man hours fishing with
both flies and lures without getting one strike. This clearly attests
to the degree of satiation in the rainbow trout in this lake. Until
a greater Biomass is present in the lake and intraspecific competition
forces the fish to actively forage for food, very few of these trout
will enter the sport fisherman's creel in significant numbers.

As productive as Neur Lake is, its production could at least’
vbe doubled or even tripled by the introduction of a plankton foraging

fish such as Coregonus peled. At presenty Neur Lake's zooplankton

population is unutilized. To fill this empty niche, it is recommended

that the lake whitefish, Coregonus peled, be stocked in Neur Lake.

This fish is ideally suited to the warm shallow waters of Neur Lake
and should exhibit rapid growth without competing with the rainbow
trout. This fish is strictly a zooplankton feeder. It is hoped that
arrangenents can be made to introduce this fish into Neur Lake in
early 1354.

It must be emphasized that to.obtain valid scientific information
from Neur Lake, no outside influences can be tolerated. Unbiased
eesults and proper management can only be formulated by the ﬁepartmeﬁt
through research and sound management decisionse. Law enforcement
officials must strictly enforce the sport fishing and antipoaching

regulations,.
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APPENDIX. L

: STATION # DATE TIME CATION DEPTH SUBSTRATE ANPHIPODS/MZ
8/2/74 1300 40 meters offshore 1.5 m sand 3280/m2
8/2/7% 1330 30 meters offshore 1.5 m sand 1320/m2
8/2/7% 1400 25 meters offshore 1.5 mud 680/m2
8/2/7% 1430 15 meters offshore 1.5 mud
8/2/7: 1500 15 meters offshore 1.5

- 8/2/7% 1530 >15 meters offshore 1.5
8/2/7% 1600 20 meters offshore 1.5
8/2/7% 1630 15 meters offshore 1.5
8/2/7% 1700 15 meters offshore 1.5
8/2/7h 1730 10 meters offshore 1.5
8/2/74 1800 meters offshore 1.5
8/2/74 1830 20 meters offshore
8/2/7k 1900 meters offshore
8/2/7L 1930 meters offshore

sand
mud-

detritus

el Slon Bt S B ey SR S e A ST
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B e e

B8

o]
=

NEUR LAKE AMPHIPOD POPULATION ESTIMATION
Estimator of the population mean = u (Mhu)
= 32
Y1 3280
y2= 1320

y‘3=: 680

Lo 1,600
640,000

L ,8L0,000

0

- 1h, o0

Lk, 950,625
%09, 600
270,400
2,190,400
160,000

© 3,686,400




APPENDIX T

NEUR LAKE AMPHIPOD PCPULATION ESTIMATION
First the population estimate will be based on the total sample size
of 14 subsamples around the lake. Thus;

u = y =£& /h (when n = 14) = 15,625/14 = 1116,07 amphlpods/m
EEy. = 30, 126 ,625

(i:yi)z = 244,140,625

*NOTE: The Finite Population
o Correction Factor (FPCF) is
(iyi) /n = 17,438,616

equal to one in this case as

The estimated variance of y: the total area of the lake is
infinitely large in comparison

V(;) = E?(N-n)/N* : tolthe 1l n2 samples taken for
n : the population estimate.

Thus, V(¥) = s /h whore s® o f:iy - y) /n— -2iy o (5:1 ) /j/f,

52 = 30,126,625 - 17,438,616 = 12,688,009/13 = 976,000.6 = s2
s = standard deviation = + 988

2 5=
V(y) = s/n 976,000.6/1k = 69,714k.3
95% confidence limits for the population are as follows:

( V(y) and T = 2.16 for n=1 (13) D.F.

i Talphg/z DI alpha/2 D.F.

B = 2,16( + ¥69,710.3 1) = 2.16 (+ 264.03%) =+5704268




. APPENDIX L
NEUR LAKE AMPHIPOD POPULATION ESTIMATION

The second population estimate is based on a sample size of ten subsamples
around the lake where all ten samples were taken over a sandy substrate.
The areas of sandy substrate had a significantly higher population
density than areas where the substrate was either mud or detritus or
both. Thus:

y = i:yi/h (vhen n = 10) = 14,785/10 = 1478.5 amphipods / .

= 14’785
5 *NOTE: The finite
i:yi = 29,648,225 population correction factor
(ﬁ:Y )2 L égs . is equal to one in this case

2 - ST sk ' as the area of the lake is
infinitely large in comparisan

2 el 6 o0t Lo 2} £ >
(éfyi) /n = 218,596,225/10 = 21,859,622.5 to the sample size of 10 m .

The estimated variance of ;:

P57 & 57 (memit) >

n

Thus, V(¥) = 52/n wvhere 52 = i;(yi~ ;)g/n~1 = yiz - (éﬁyi)z/;f/;-a
ol 29,648,225 - 21,859,622.5/9 = 869,400.3

s = standard deviation =:932.42

V5) = a7/ =060 Lot 1 Bk o o ,

95 % confidence limits for the population mean based on 10 samples are as
follows:

o V' o T = 2.26 for n-1 D.F.
B = T iphasen.p, ENVEGD) ana “alpha/2 D.F. (9)

26N :“{86,9&0.03 ) = 2.26( + 295) = $ 666.7




APPENDIX II ‘
ZOOPLANKTON POPULATION CALCULATIONS FROM TWO METER PLANKTON TOW

Plankton net (circular) inner radius . = 7.25 cm

Circular area = 164 cm2 = (pi)(rz) = 3ok X( 7.25)z

Volume of water column sampled = 0.0164 m2 X 2m= 0,0328 m3

0.0326 i 32,8 liters in the column.

2.0 copepods/drop water X 20 drops/ml = 4O copepods/ml =40,000 copepods/1
40,000 copepods/liter! 32.8 liters = 1220 copepods/liter of lake water
0.2 Danhnia/drop X 20 drops/ml = 4 Daphnia / ml = 4,000 Daphnia/liter

4,000 Daphnia/liter / 32.8 liters = 122 Bfphnia/ liter lake water.




NEUR LAKE AMPHIPOD BIOMASS/M2 CALCULATIONS (DRY WEIGHT)

Collected 22 Ordibehesht 1353 =~ 16=31 amphipods antenna segments(rteantenna)

o
0.73% grams/97 amphipods = 0.0078 grams/ amphipod
0.0078 grams/amphipod X 462.86 amphipods/mz = 3,61 grams/m2
2 : 2 g '
3.61 grams/m” = 3610 milligrams /m~ = 34610,000 micrograms/ "

Collected 10 Mordad 1353 = 9-~13 antenna segments
0.0343 grams/ 99 amphipods = 0.000346 grams/amphipod

A) All stations =(1k)
0.000346 grams/amphipod X 1116.07 amphipods/mz = 038616 grams/m2

- A 2 :
0.38616 grams/m2 = 386.16 milligrams/m”~ = 386,160 mlcrograms/m2

B) Sandy substrate sampling stations (10)
X i 2
0.000346 grams/ amphipod X 1478.5 amphipods/ m~ = 0.511561 grams/ m2
2 Lisd 2 i 2
0.511561 grams/ m = 511.561 milligrams/m~ = 511,561 micrograms/m




CHAMPION LINE NO, 820-3
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0.18 cm/day growth increment from 25 Ordibehesht
through 7 Mordad 1353.
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ABSTRACT

Our amphipod populaticn estimation on the second and third of
Aban revealed an average population per square meter of substrate of
308 amphipods with 95% confidence limits of + 296 amphipods. This is
about a forty percent decrease since our last estimate on 2 & 3 Meshr
1353. This decrease is to be expected as no amphipod reproduction has
taken place in the lake since Mordad 1353. The ecology and population
dynamics of the Neur Lake amphipod population is discussad in the light
of studies completed by William Cooper on Sugarloaf Lake in Michigan.
We find no evidence to date that even suggests that any damage has been
done to the amphipod population in the lake as a result of predation by
rainbow trout. Assuming proper fish management, none is expected to

occur in the future,
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NEUR LAKE COMMERCIAL FISHERY
29 Mehr -~ 19 Aban 1354

ABSTRACT

A 14 day commercial fishery was conducted at Newur Lake from 2 Aban
through 15 Aban 1354. During that period 5236=2 year old trout weighing
8308.5 kg were caught. Eight large trout from the 1352 stock were also
caught of which two were females. The average length of the 2 year old
trout was 47.5 cm and the average weight was 1700 grams®. The length of the
three year old trout varied from 56 to 62 cm and the weight from 3700 to
4200 grams. Some of the 2 year od@d trout were also over 3000 gramse.

A nylon beach seine of 308 meters length and 5,5 meters width
with a mesh size of 33 mm with 400 meters of rope on each end was made
in Bandar Pahlavi and used in the program. The two largest catches
( at the north and south ends of the lake) netted 274 trout and 172

trout,respectively. Water temperature on the first day of the fishery

was 6.0 C and it decreased to 2.7 C on the last day. Alzo, assorted

gill nets and beach seines ( up to 60 meters length) were used in the
commercial fishery to supplement the catch with the hand operated

beach seine,




Title: Neur Lake Amphipod Population Estimation IV =~ 1353
Project Number: L-06=53
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INTRODUCTION

During our commercial fishing expedition to Neur Lake (27 Mehr =
17 Aban 1353) the fourth amphipod population estimation was carried out
on Neur Lake's amphipod population. It was performed on 2 and 3 Aban,

exactly one month after our Mehr population estimation.

METHODS

The estimation was carried out by taking from five to ten core
samples with our modified aquatic weed core sampler. This sampler is
designed to capttuire-all amphipods swimming in the water columm as well
as those occurring on the substrate in the eolumn of water through
which the sampler passes. Each sample covers an area of 50 cmz over
the lake surface. Thus, when ten subsamples are collected an area of
500 squargeggigrs is sampled, Each sample is filtered over a fine
mesh screen to allow’ fine silt to pass through yet capture all amphipods

down to the earliest instar. Samples were taken at each of the fourteen

sampling stations a8 outlined by Boettcher (1353).
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RESULTS

Our population estimate on 2 & 3 Aban indicated a population

sixze of 308 amphipods/m2 of substrate. This estimate is based on a

sample size of fourteem statlons. The range of population 1evels per
square meter ran from O/m at stations 7,10, and 11 to 1540/m at
station 2. The 95% confidence limits for this estimate were + 296
amph1pod/m . If the stations with no amphipods are discarded from
the population estimate we arrive at an extlmate of 392 amph1pods/m
with 95% confidence limits of + 371 amphxpods/m .

The amphipods collected during the population estimation
were subjected to examination for recording the number of right antenna
segments, upon our return to Tehran. The amphipods collected from the
substrate averaged 17 segments on the right antenna (primary antenna).
(See Table Thrme in the Appendix). These amphipods were all from the
second generation produced in Neur Lake in 1353. Stomach content
analysis revealed that a few amphipods could be found in about 10=20
percent of the fish collected during the commercial fishing operation
from 30 Mehr through 15 Aban 1333, The amphipods taken from fish
stomachs averaged 23.7 segments on the right antenna as compared to
an average of 17 antenna segments from those amphipods collectedvfrom
the substrate.

Figure One in the Appendix presents a graphic analysis of the
antenna segment data to present pictorially what portion of the
amphipod population the trout are preying upon. This graph shows that
a 20% overlap occurs between the amphipod population found in Neur Lake
and those amphipods occurring in the stomachs of trout examined.

This shows that the trout are feeding only upon the larger, older
segment of the amphipod population. These results are exactly what was
found by Cooper (1965), in his classic study of the amphipod population

occurring in a Michigan lake in Noeth Americae.




DISCUSSION

With_one year'!s data now collected on the Neur Lake amphipod
population, we are now in a position to assess and predict the
effects of the trout population in Neur Lake on this population of
forage organisms. This is an especially important process as the
amphipod is the mainstay and the preferred food of the trout diet
in Neur Lake. Thus, although Neur Lake has a very considerable

biomass of alternative food resources available to the trout, the

quality and quantity of trout that has been produced in Neur Lake
in 1353 could conceivably be drastically cut should irreversible
damage be inflicted on the amphipod population as a result of excesse
ive predatioﬁ by the rainbow trout. Thus, assessments and predictions
concerning the past, present, and future status of the Neur Lake
amphipod population will be extensively discussed below, mainly in
light of the impressive study done by Cooper (1965).

Our observations and collection of data from 1352 and 1353
indicate that all amphipods in Neur Lake over the winter months
are progeny of the second generation of amphipods produced in Neur
Lake each year around the 1st of Mordad (late July). These amphipods
are either adults (sexually mature) or sub-adults (approaching sexual
maturity) that will breed with the melting of the ice in the spring
and warming of the waters of the lakee Referring to the population
of the amphipod population, Hyalella azteca, in Sugarloaf Lake,

Michigan, Mr. Cooper says,"The spring populations consist entirely

of adults and subadults overwintering from the previous fall. These large
adults decline rapidly in abundance and are essentially absent from the
population by the first of July." Continuing," Young animals make up
roughly one-=half of the population during the summer months.The adilt
half of the population during the summer consists of newly recruited
adults which mature and begin reproducing by the latter part of June.

The number of young animals in the population declines rapidly in
September due to the cessation of reproduction and the continuing

growth of the young individuals into adults."




Except for a time lag of approximately (due primarily to the
colder water temperatures and high elevation of Neur Lake) one month,
the population dynamics of the Neur Lake amphipod are virtually
identical to the Hyalella azteca population of Sugarloaf lake.

Figure Three in the appendix is a graphic representation of the
probable population dynamics of the Neur Lake amphipod population.
Reproduction occurs for the first time each year around late Farvardin
through the end of Ordibehesht or early Khordad, depending primarily
upon the water temperature. The onset of breeding and reproduction
was definitely determined to be temperature controlled by Cooper.

This is undoubtedly the case in Neur Lake as well. In 1352, reproduction
had not yet occurred, although copulation was observed on 25=26 Ord=
ibehesht 1352. At that time the water temperature was 7.0 C. This year
breeding was observed as early as 3=6 Ordibehesht although the water
temperature was only 2-3 C. However, on 25 Ordibehesht 1353, the water
temperature was already 14=~15 C and the first generation had already
been produced and was in the third or fourth molt after hatching.

Our population estimate on 25 Ordibehesht 1353 revealed 462 amphipods
per square meter of substrate., However, this population was made up of
two generations, those remaining adults left over from the overwintering
adult population and the new generation of young. Unfortunately, we
have no data on the precentage composition of the population broken
down by generation, The population data from Ordibehesht 1353 was taken
from Boettcher (1353a). ‘

In our survey on 10 Mordad 1353, a population of 1116 to 1478

amphipods/mz was found, depending upon whether or not the zero data

points are included in the population estimation (Boettcher, 1353b).
Also see Table One in the Appendix). Our data showed that 99.9S% of the
population in Neur Lake consisted of 1st and 2nd instar juvenile
amphipods, yet the analysis of trout stomach contents revealed 99.99%
adult amphipods (1st generation 1353). This indicated a highly
selective predation factor on the amphipod population with only the

large adult amphipods being subjected to predatione.




Our population estimate in Mehr 1353 revealed 537 amphipod.s/m2
based on a sample size of 14 with two zero amph.ipod/m2 data points(Nehring1353).
If we discard the two zero data points the population estimate is
raised to 627 amphipods/hz. The average nimber of segments on the
right antenna at this time was 16.0 as compared to 17.8 on the
antenna of amphipods consumed by the trout on that date. Although
this would tend to indicate that the trout were beginning to exert
a serious pressure on the amphipod population, the facts are that
the pressure exerted by the trout on the amphipod population at this
time was actually probably at its lowest impact since Ordibehesht this
Year. Less than 1% of the trout collected on this survey (over 400)
had any amphipods in their stomach contents at all. This indicates
again the fact that the trout are only effectively grazing on the
largest amphipods that are present in the population atrany point in
time. Trout are very inefficient predators on benthic invertebrates
and have not been shown to effect irreparable damage on any forage
population in any scientific study ever completed.

Our Aban 1353 population estimate revealed the presence of 308 to
392 &mphipods/mz depending upon whether or not the three zero

data points are eliminated from the estimation process or not. The

downward trend in the numbers of amphipods/m2 with the approach of

fall and winter is unmistakable. But this is not a serious problem.
This same phenomenon was also documented by Cooper in his paper.
The reason is that once the reproductive process has ceased for the
year, the population cannot do anything but decrease. Without any
recruitment of young amphipods to the population, the population
camnot possibly increase.

Concerning the annual production of amphipods in Sugerloaf
lake (both in numbers of amphipods and biomass of amphipods) Cooper
says the following:"Slightly more than 50% of the numerical yield is
attributed to the adult amphipods over the course of the summer.
Measured as dry weight biomass, the difference in yield between adults

and young is even more striking since the adults (roughly 150 ug)




average about 6 times heavier than the young (roughly 25 ug). The
adult amphipods are responsible for a majority of the annual productivity."
Although we have no definite data to support our hypothesis at
this time, our general observations on the Neur Lake amphipod population
would tend to indicate that the adult amphipod population in Neur lake
makes up at least 50% of the total amphipod production in Neur Lake
over the summer. Coopers data in Sugarloaf lake indicated that the
adult amphipods contributed to from 50.2% to 57.5% of the total amphipod
production over the summer in that lake. Conmparison of Boettcher's
biomass data on the Neur Lake anifhipods (Boettcher, 1353b) with Cooper's
biemass data shows that juvenile amphipods in Neur Lake are 12 times
bigger than the juveniles in Sugarloaf lake and that the adult amphipods
in Neur Lake are more than 50 times larger than Cooper's amphipodse.
Thus, although the numerical production of amphipods in Sugarloaf lake
ijs an order of magnitude larger than Neur Lake (4000 to 6000/m in
Sugarlaof lake as compared to 300 to Goo/m in Neur Lake), Neur Lake
is virtually an order of magnitude higher (10 times) in production on

a biomass basis as compared to Sugarloaf lake. The mean population

size in Sugarloaf lake was 4.07 %g/ha as compared to 36.1 kg/ha for
Neur Lake on 22 Ordibehesht 1353. No further explanation concerning
the production possibilities of Neur Lake should be necessary, the
data speaks for itself.

Finally, Cooper showed that the yellow perch (Perca flavescens)

and to a lesser extent the bluegill (Lepomis macrochirus) were

selectively preying upon only the largest 2=5% of the total amphipod
population. Further, he showed that the population dynamics of the
amphipod, Hyalella azteca, were very stable in the face of predation

from these fish. Such would be our conclusions concerning the rainbow
trout predation and population dynamics of the Neur Lake amphipod,

temporarily identified as Gammarus fasciatuse.




Boettcher (1353a) found amphipods occurring in the open water
pelagic areas of the lake in Ordibehesht of this year, over the muddy
substrate of the lake's center. This was at the time of stocking 200,000
rainbow trout fingerlings, and prior to the time when the trout would
have begun to prey on the amphipod population in any significant numbers.
At the time of this fish stocking, only a maximm of 5000 thirty centi-
meter trout were in the lake. That is a stocking rate of about 25 trout
per hectare and could not have had any measurable effect on the amphipod
populatrion as far as predation is concerned up to 25 Ordibehesht.
However, by 3 Mehr 1353, all amphipods had completely disappeared from
the pelagic zones of the lake of three meters depth or greater. This
indicates that either the trout had completely eliminated all amphipods
from this region of the lake, or that the amphipods found in this area
of the lake in Ordibehesht were accidental immigrants to this area of
the lake during and immediately following the reproductive processe.

There is little doubt that these amphipods were in fact consumed by

wide ranging trout, but this is a natural process. Our observations

on the habitat preferences of the Neur Lake amphipod indicate that

these amphipods could not possibly survive over a long period of time

in the areas of Neur Lake over three meters in depth. These areas

have a muddy, anaerobic muck substrate with absolutely no production

of aquatic macrophytes upon which the food base of the amphipod is borne.
Thus, the only possible explanation is that these amphipods were

wayward migrants into the deeper zones of the lake during the reproductive
process when the amphipods become very active and swim about the lake
constantlye.

Cooper concludes that the amphipods in Sugarloaf lake depend upon

aquatic macrophytes for both a source of food and shelter from predation

by fish. These are our conclusions regarding the ecology of the Neur Lake

amphipod population as well. The density of the Neur Lake amphipod is
defintely directly linked to the intensity of the aquatic macrophyte
growth., Although we have to date collected no data to support our

conclusiond, casual observation of the mordab at the north end of Neur




quite obviously supports an amphipod population that may be five to
ten times as large numerically and on a biomass basis as the main part
of Neur Lake, The reason is that the mordab has a much greater producte
ion of aquatic macrophytes over its entire area than the large lake
which only supports aquatic macrophytes around the edge of the lake out
to about 50 meters from the edge of the lake.

RECCMMENDATIONS AND CONCLUSIONS

Our data collected this year on the Neur Lgke amphipod population
indicates no departures from the norms of the population dynamics of
other amphipod populations faced with predation pressures from fish.
All of our data support the exact same observations and conclusions
reached by Cooper (1865) in his assessments of the amphipod population,
Hyalella azteca, in Sugarloaf Lake, Michigane

With proper stocking rates of rainbow trout and adequate removal
of a large portion of the biomass of fish each year there is absolutely
no danger of irreversible ecological damage to the amphipod population
of this lake. As the cold water temperatures of winter set in, the
rate of predation on the amphipod population by the trout will decrease
to virtually nothing. With the onset of warmer water temperatures in the

spring, breeding will commense and the two new generations will be

produced as the spring gives way to summer. The trout is simply’a nok

predator of great efficiency, and cannot possibly eliminate the
amphipod from this lake.

Qur investigations of the Neur Lake amphipod population will be
intensified in 1354 and 1355 to give us a complete picture of the
intense ecological relationships and population dynamics of this inverte
ebrate population in the face of trout predation. Studies will be
implemented to document the number and sizes of brood produced by the
female amphipods, studies to document the increase in predation efficiency
by the trout with the various types of amphipod habitat, and studies to
document whether or not the predation by the trout has had an effect on
decreasing the average brood size of the amphipods as a result of selective

predation by the trout for the larger amphipods.
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NEUR LAXKE AMPHIPOD POPULATION ESTIMATION
3 Avan 1353

The population estimation og 3 Aban 1353, based on a sample size
of 14 was 308.57 amphipods/meters”. This estimate included three data
points of zero amphipods/square meter. The 95% confidence limits for
this estimate (based on a sample size of 14) was + 296.15.

- Many statisticians throw out all zero data Eoints. Thus, if we
discard the three zero data points and use a sample size of 11, the
estimatte is raised to 392.73 amphipods/square meter of substrate with
95% confidence limits of + 371.28 amphipods/square meter. Outlined
below are the mathematical manipulations for obtaining the standard
deviation (s), the variance of the mean (V(¥)), and the 95% confidence
limits(B) based on a sample size of 1k. The population mean and all
other parameters cited above can be determined for a sample size of
11 simply by substituting 11 for 14 where the equations have an '"n'
and 10 for 13 vwhere the equations hawe an "n-1i"., These statistical
formulas are taken according to Mendenhall, Schaeffer, and 0tt(1971).

= 4320 Note*: The Finite Population Correction
V3 : Factor (FPCF) is equal to one in
S (y)? = 4,751,200 " this case as the total area of the

2 lake is infinitely large in compe
(isyi)z = 38,092,400 arison to our 14 m® samples. Thus,
(£y,)"/n = 18,662,400/14 = 1,330,028.57 V(¥)= s%/n.

The estimated variance of y: = V(¥) = s%/n XX (Nen/N)* = s%/n.
e Zlyy - DYnm1 = £y % - &y ) ot

A 4,751,200 ~ 1,330,028.57/13 = 263,167.03

s = + 513

V(F)= s%/n = 263,167.03/14 = 18,797.65

95% Confidence limits (B) T, ;s 5 p (XYV(Y) and L loka/Z BiF, Tor netni 216

Thus, B = 2,16 ( :’W= 2.16 (+—{18,797.65) = 2.16 (+ 137.10) = % 296.15

For N w 11 s° = 305461.82; s =+552.69 ; V(F) = 27,769.26; B = + 371.28;
and the population mean (mhu) = y = 392.73




Table One. Neur Lake 1353 Amphipod Population Data/ meter . by station
Station # 10 Mordad 3 Mehr

3280
1320 940
680 500
Lo (o}
800 - 8o
2200 120
(4} 320
120 3000
Lo
640 (o}
520 360
1480 240
L4oo 200

onooxlc\m.p-ump

e el =
R VOB VSN

Table Two. Neur Lake 1353 Amphipod Population Estimations/heterz

Date of Sample Size Amphipods/mz
Estimate

25 Ordibehesht 1353 7 462/m2
10 Mordad 1353 14 1116/m2
10 Mordad 1353 10 1478/m2
3 Mehr 1353 14 537/m,

3 Aban 1353 14 308/m

Table Three. Neur Lake Amphipod Antenna Segment Data from 1353.

Date of Sample Stomach Sample Substrate Sample
N X Range N > Range

10 Mordad 1353 25 25.6 22-31 25 10.6 Om13*
8 Shahrivar 1353 30(53 fish)22.3 17~32. 35 13.8 11=18%
8 Shhhrivar 1353 40(52 " ) 19.1 11-29 35 13.8 11~18*
3 Mehr 1353 35 17.8  14-28 50 16.0 13-21%
11 Mehr 1353 — s e 35 18.2 15-22%%
3=5 Aban 1353 50 23.7 18=37 50 17.0 13=22%

Note*: Amphipods collected from all over the lake on population estimate
Note**: Collected 2 meters from shore in 40 cm of water as compared to
a 1.5 meter average depth on all other amphipod substrate samples.




FIGURE ONE.,. COMPARISON OF AMPHIPOD SIZE IN EHE LAKE WITH
AMPHIPODS IN FISH STOMACH SAMPLES. COMPERISON BY

ANTENNA SEGHENT ANALYSIS, 3=5 ABAN 1353, ES;ES; SUBSTRATE AMPHIPOD SAMPLE
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FIGURE TWO. GROWTH OF SECOND GENERATION (1353) AMPHIPODS IN NEUR LAKE.




 DYNAMICS OF NEUR LAKE AMPHIPOD

FIGURE THREE, PROBABLE POPULATION
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NEUR LAKE LIMNOLOGICAL SURVEY III 1353
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30 Shahrivar = 12 Mehr 1353
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- ABSTRACT

The Neur Lake helixor aeration system was installed between
4 - 10 Mehr'1353 with some technical difficulties described in this
report, The amphipod pdpulation averages 537 amphipods/heterz. This
50 % decrease in the population level since 10 Mordad is believed
to be due to natural phenomena (natural mortality) and not due to
predation by rainbow trout. Gill net cgtch'per unit effort data
give a CPUE (catch per unit effort) of 0.35 kg/ meter/iz hours.
To catch 300 kg/day it is necessary to fish 1000 meters of net,
or 3000 meters of net to catch one metric ton/day. The 1352 stock
trout now average 48 cm and 1623 gréms, while the 53 stock average

27.5 cm and 310 grams., The purchase of an Atlas Copco UT=85
portable compressor is recommended for the aeration system.
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INTRODUCTION

A .fourtem ‘day survey was conducted on Neur Lake to further
anélyze the growfh rates of the rainbow trout stocked in this lake in
1352 and 1353, complete a population estimation on the amphipods,

* collect water quality data, analyze the phytoplankton and zooplankton
" populations, and install the aeration equipment. »

METHODS

The water quality data was analyzed on a modified Hach Kit
and tﬁe water samples were collected using a.Kemmerer Water Sampler.
Fish specimens were collected using gill nets with mesh sizes
ranging from 40 ma to 60 mm. The amphipods were collected using a
modified aquatic weed core sampler. Zooplankton and phytoplankton

samples were collected psingablanktonv.The piping for the aeration
: : net.




system and the helixors were installed using three boats with outboard
motors. The piping was stretched with a fourteen foot fiberglass

boat and 40 hp motor. The piping was laid using the 13 foot aluminum
boat and ihe Zodiac 9 foot rubber raft, both equipped with 6 hp

outboard motors.
RESULTS
Physical Data

Water quality data was measured at the south end of the lake
in the deepest part with a depth of over 5 meters. No significant

changes were noticed in any of the parameters measured. For details,

see Table One below.

Table One. Water Quality Data, Neur Lake, 3 Mehr 1353, 1C00=1200 hours

Depth D0, Alkalinity Hardness pH Water Temp Air Temp
(mg/1)  (as mg/1 CaCo,) D AE) (c)

7.4 150 135\ 73 10 18
7.6 136 150 7.2 11 ;18
7k 20 1 190 7.0 11 18
7.0 130 150 7.2 i1 18
Ze2 0 9390 iqcn | aie 11 . 18
: 6.k 120 0 dgp G S el 18
Spring 4.6 55 77 6.8 8.5 v 18

The area of Neur Lake was previously calculated td be 245 hectares.
This was a very crude estimation made by pacing off half the perimeter
ofbthe lake and estimating the distance across the lake. This measure=
ment was made on our Ordibehesht survey this year (Nehréng, 1353).
This was an overestimate of about 26%. The new estimate of the area of
the lake is 181 hectares and this is believed to be accurate to +10%.

This is the main body, of the lake anjdoes not include the mdrdabs at

o




the north and south ends of the lake. The new area was calculated

by measuring off one kilometer on the shoreline and measuring this
distance in the time required to travel one kilomster with the 13
foot aluminum boat and 6 hp motor. Knowing this time to travel one
kilometet, the entire length and breadth of the lake was.traversed
with the aluminum boat and thg time recorded to tfavel this distance.
From thié'data-it was pdséible to calculate the length and width of
the lake quite accurately. These measurements were made during calm
(no wind factor) weather. The total north south length of the lake
was calculated to be 2236 meters and the east=west width 812 meters.
Neur Lake is almost a perfect rectangle and by multiplying these

two measurements, an area of 181.6 hectares is obtained.

The helixors were allyinstalled at an approximate depth.of

three meters., The main air line from the compressors is about 400

to 420 meters long and runs 300 ﬁeters into the water from the

east bank of the lake. At the 300 meter point from shore, a L=way
pipe divider branches out radially with each helixor installed

on the end of 180-200 meters of piping. A total of 19 (50~60 meters)
rolls of polyethylene tubing were used in the installation of the
- systems A total of 30 rolls were purchased for the project. The piping
wnsvl.S inches in diameter and was sunk to the béttom of the lake
using 15~16 kg concrete anchors clamped onto the 9,.‘90.‘ with 2 inch
-hose clamps. A total of 500 concrete block were made for anchors
"and only 300 were used. Lfter the first season of operation of the
aeration system, modifications will undoubtedly be necessary to improve
the overall efficiency of the éystem. This will require the laying
of additional piping and anchors. With the extra piping and left over
concrete anchors, no additional cash outlays will be required. For
details on the installation and layout of the aeration system, see
Figure Five in the Appendix. This is a schematic representation of

the aeration system as it is now installed in Neur Lake.




Biological Data

The Neur Lake rainbow trout stocked in 1352 and 1353 continue
to exhibit good growth. The 1353 stocked trout are just beginning to
exhibit an acceleration in their growth rate and will probably ;
almost &verage 400 grams before ice cover this winter. The biometric
data collected from the fish caught on this trip is presented in
Table Two below. ey

’fable Two. Biometric Data, Raimbow trout, Neur Lake, 30 Shahrivar=12 Mehr 53
1353 Stock LN g Range :
Length (cm) 353 27.5 21-32

Weight (g) 399 309.6 125=550

1352 Stock N 2 ; Range

Length (cm) 20 k7.9 L2~5h
20

Weight (g) 1623 1250 -2050

Figure One in the Appendix is a plot of the length weight
relationship derived from the biometric data on the growth of rainbow
trout st_ocked in Neur Lake. It clearly indicates the fantastic

increase in weight of the trout between 30 cm and 40 cm. The growth
curve has an angle of 75 degrees with the horizontal once the fish
reach 30 cm in length.

Figure Two is a plot of the length~weight biometric data from

" the fish stocked in Neur Lake in 1353. This growth curve is much less
steep than the curve in Figure One, indicating the trout stocked this
year have not yet reached the point where they- put cn maximum weight
for a unit increase in length. This curve may begin to shoot upwafds
in mid to lafe Aban 1353, but will probably not occur until Ordibehesht
1354, :

The standing crop or biomass of fish in Neur Lake at the present

time is conservatively estimated at 58 metric tons or 58,000 kge.
Fifty metric tons is compfised of the fish stocked in 1353 and the
- other 8 tons of the 1352 stock (5000 trout averaging 1600 grams each).




A standing crop of 58 metric tons is a production of 320 kg/

hectare. However, this cannot all be harvested efficiently. Assuming
that 50% of the standing crop can be easily harvested, that would be
a yield of 160 kg/ha. This production figure is based on the total
standing crope.

Using an average weight of 333 grams for the fish stocked this
year and assuming a survival of-150,000 fish of the 200,000 fish that
were stocked we get a standing crop of 50,000 kg or a’yieid of 138 kg
per hectare. The standing crop in kg/ha for this years stock is 276.
In actuality the survival of the 200,000 fish stocked in Ordibehesht
was probably better than 90% or 180,000 trout. If this were the case.
the stﬁnding crop would be 332 kg/ha with a yield of 166 kg/ha on a
five month growing season.

The rainbow trout were not consuming amphipods in any measurable
‘numbers during this survey. The amphipods are too small at present to
“be readily detected and preyed upon by the trout. Thus, the trout
were’turning to alternative sources of food in the lake. This included
fingernailuclams, snﬁils, blood worms, and leeches. The latter food
item was apparently breéding at the time of the survey and swimming
about the lake in a pelagic manner seeking a mate. Probab;y.95-98%
of the food items found in the trout stomachs were leeghes during
this survey. Many of the trout were so gorged on the leeches that
they were found disgorging ﬁasses of leeches once entangled in the
gill nets. It is good to know that the trout will feed on the other
abundant food items in the lake when the amphipods {preferred forage)
are unévailable to the trouts Our bottom sampling for amphipods
revealed the leeches to be at least as abundant as the amphipods on
a square meter basis, if not more so. Blood worms were also equally
abundant. The amphipods averaged 537/m2 on this survey. Snails were
estimated at more than 100/m2 and the fingernail clams(Pelecypoda),
probably Psidium, are undocubtedly the most abundant invertebrate in

the lake. In some areas they are found as apundant as 10,000 to

~
100,000/m*“, .




| The Neur Lake amphipod eétimate this time was 537 amphipods/hz.
This is down significantly from the 1116 amphipods/m2 estimate in
earlyMordad (Boettcher, 1353). However, I believe that this reduction
in the population is a natural phenomenon that would pccur regardless
of whether ornot the fish were present in the lake. Boettcher (1353)
found that no amphipods with less than 20 antenna segments could be
found in the fish stomachs in Mordad, despite population levels of
greater that 1100/m2. Cur Mehr survey again supported this conclusion.
The aﬁphipods in the fish stomachs average 17.8 antenna segments.
Although this does indicate some predation on the amphipod population
at this time it must be reAlized that the amphipods have only reached
an average of 16 antenna segments since late Shahrivar. This means
that the trout have just begun to feed on the largest amphipods
available in the popul#tion. Thus, it must be concluded that the
50 % decrease in the population is dué to natural phenomena and NOT
due in any measurable amount to fish predation. ‘

Table three below lists the-biometric data on the Neur Lake

amphipod-population as of 2=3 Mehr 1353. ]

Table Three. Neur Lake Amphipod Biometric Data; 2=3 Mehr 1353
Sample Type o e s . Range

Substrate Sample (1.5 m) 50 16.04. 1321
Substrate Sample(40cm) 35 18.20  15-22 (11 Mehr 53)
Stomach Sample a5 17,77  14=28

DISCUSSION
Amphipod Population Dynamics & Ecology

Amphipods are preyed upon by trout on a size selective basis
with the largest amphipods being taken first. Qur data indicates
that trout do not prey on amphipods with fewer than 17=~18 antenna

segments on the average for two reasons. Fitst, the amphipods smaller

than the 17=18 antenna segment stage are too small to be easily
detected py the trout on a large scale basis. Second, the amphipods




lead a benthic, sedentary existence prior to attaining sexual maturity
and thus go undetected by the trout. Upon attaining sexual maturity
the amphipodsbecome pelagic in habit, ranging throughout the lake in
search of a suitable mate. At this stage the amphipods are readily
available to the trout. ’

The amphipods definitely produce two generations each year,
possibly three. Figure Three in the Appendix depicts a hypothetical
population producing three generations a year.Projected antenna
segment development of the second geheration from this year indicates

sexual maturity is possible in late Aban=early Azar this year. That

would mean the third generation would develop under ice cover this

winter. : '

Figure Four in the Appendix indicates a population producing-
two generations per year. This is the most probable case for several :
reasons. First, as the water temperature drops in Aban~Azar, the develop=
. ment of the amphipods will slow proportionally.Also, Pennak {1953)
indicates breeding in amphipods is temperature dependenf and below
a certain temperature breeding is inhibited. This would indicate that
a third generation being ﬁroduced in Aban=Azar is highly unlikely prior
to ice cover. » ; '_

- Amphipods collected in the inshore area on 10 or 11 Mehr 1353
average two more antenna segments than those amphipods cqllegted in
‘the pelagic zone of the lake on 23 Mehr 1353. This indicates that
the trout are probably cropping off the larger amphipods in the
oﬁen vater areas of the lake, but not in the shallow water areas.

This indicates our antenna segment counts are probably biased on the
low side and that our data indicates a two to three week lag in

the development of the amphipods. This is not the real case. The
population in general is probably at the same stage of development
as those amphipods collected on 10 Mehr in the inshore areas of the
lake.




According to Figures Three and Four in the Appendix, the
first generation of amphipods this year probably bred aroﬁnd the
first of Mordade The presence of amphipods in the trout stomachs
on 10 Mordad averaging 25=26 antenna segments and 22-23 antenna
segments on 8 Shahrivar indicates that the adult amphipods may
live three to five weeks or longer after successful copulation
and reproduction. A few adults of extreme longevity even turned
up in the stomach samples on 2=3 Mehr 1353.

The time of first breeding each spring is definitely dependent
on water temperature in Neur Lake amphipods. Last iear (1352) the
amphipods were first observed breeding on 2526 Ordibehesht and the
water temperature was 7-8 C. This year the amphipods were observed in
copulation on 3=~6 Ordibehesht when the water temperature was 2-~3 C.
(Nehfing, 1352, 1353). By 25 Ordibehesht these amphipods had already
produced this year's first generation and these amphippds were
already at the 16~17 antenna segment stage. However, it must be

- noted that the water temperature 6n 25 Ordibehesht this year was
17 C as compared to 7 C one year before on the same day. This

would indicate that the amphipods wére developing very rapidly

after hatching from the eggs and discharge from the marsupium of
the female.

Rainbow trout fecundity

All of the female trout stocked in 1352 are sexually mature
now, as are all of the male trout stocked both in 1352 and 1353.
This is not an unusual  phenomenon. Male trout often mature one
year ahead of the females of the same age, especially under the
ideal food conditions found in Neur Lake., No female trout stocked
this year were found to be sexually mature. Only one female even
had a granullar ovary. The fecundity of the 1352 stocked females
is very high with a 1600g female producing 4400 eggs. This is an




exceptionally high fecundity. Hatchary breod fish normally produce

about 2000 eggs per kilogram of body weight. These fish produce

3000 eggg/kg body weight. In the spring of 1355 if it were possible

to seine out 5000 to 10,000 female (2 kg each) the Department would

be able to market 30,000,000 to 60,000,000 high quality rainbow trout
eggse At a price of several tomans per 1000 eggs'a very large additional
revenue éould'be easilj generated for the Debartment in addition to

the revenues derived from the commercial marketing of the trout.

Technical Requiremmnts for Commsercial Fishery

On this survey efforts were made to obtain accurate estimates
of the possible gill net catch of trout and to calculate catch per
unit effort indicators in order to plan on the amount of gill net
needed for various catch rates,

On 2«3 Mehr we fished 140 meters of gill net for 24 hours
and caught 35.4 kg during that period. However, only 100 meters of
net were effective in catching the trout as forty meters of net was
6 cm ﬁesh and did not catch any fish., Thus, our catch per unit effort
(kg/meter of net) was .354 kg in 12 hours. The fish avoid the gill nets
. during day light hoursj thus, the catch per unit effort is calculated
on a 12 hour basis. From 3 Mehr through 10 Mehr we fished only
forty meters of net and except for one or two days the catch per unit
effort was constant at about 0.3 kg/ meter. On one day ii?wa; 30=40%
below the average and one day it was 20-30% about the average of 0.3 kg/meter.

The gill net mesh size must be between 25 and 40 mm for the
most efficient catch per unit effort. Gill nets any larger than this
vill'have a very low efficiency, Furthermore, it is axiomatic that
as the fish's body temperature goes down with decreasing water
température the movement of the fish decreases, T[Thus, it can be
assumed that as the water temﬁerature decreases the net efficiency
will decrease also. Therefore, to maintain a constant catch rate it

will probably be necessary to increase the amount of net fished each

daye




Vith a catch per unit effort of 0.35 kg/ meter net/12 hours,
1000 meters of net are required to catch 300 kg trout/day. To
catch one metric ton/day 3000 meters of net will be required. The
net can be in any length up to 500 meters with a width of 2=3

metefs.

Technical DifficultiesAwith Helixor Systeme

Although the requirements (100 cubic feet/minute at 2 atmospheres
pressure) were spelled out to the engineer at Pneumatic Company
where the Bernard compressor and 10 hp MWM deisel motor were purchaséd,
we have found this motor=compressor system to be totally inadequate
on a full time basis to prevent winter=kill, It will work as a standy
by unit in case of an emergency for several weeks, but cannot be
depended upon to deliver the air needed for the entire aeration
season (1 Azar= 1 Ordibehesht). This set upronly delivers about 30
cnb1c>feet/hinute, not 100 cfm as promised by the engineer. Due to
the insufficient capacity of this unit it was necessary to pull out
500 naters of pipe that had been installed in the lake to even make

' the helixors work at all. As the system is installed now, all four

helixors work, but only at about 10=20% efficiency until such time
as an adequate compressor unit is installed on the line.

Such a compressor unit has been located and is available in
Tehran. The unit delivers 88 cfm at an operating pressure ofrioo
pounds per square inch (PSIG). As we need only 100 CFM at 30 PSIG,
this unit delivers about 300% of the capacity required by the
system. By installing a bypass valve for venting the excess
capacity we will be able to use this unit very well. In addition,
this unit has several features that make it extremely desirable
for our oﬁeration. it is air coocled, starts electrically, and is
completely self contained and totally portable, being mounted on
a two wheel trailer that can be pulled behind a landrover. It is small,




very compact, and for use in heavy industryklair hammer for heavy
construction work)s. If major o?erhaul is required, the unit can easily
be pulled to Tehran for refitting and service. We feel <this unit

is more than adequate for our purposes and should give trouble-free
service for a long time. The electric startef motor is a'very desirable
feature that will save alot of hard work and wrist wrenching cranking
as is necessary with the MWM=Bernard unit that we:have now,.

RECOMMENDATIONS AND CONCLUSIONS

Assuming the commercial fishery is initiated within the next

two weeks, every effort will be made to collect catch per unit
effort data from all of the gill netting operations and with this
data attempt to make a population estimation on the rainbow trout
stocks of the lakee. Data will also be gathered on the water temperature
to compare the catch data with decreasing water temperatures and
document any decrease in catch due to decreases in temperature.
Additional data will be gathered on the amphipod population
. to see whether or not a third generation wil; develop this winter
under the ice or not. If time and weather permit, another ampﬁipod
population estimation will be attempted as well, .
: Every effort must be made to insure the 1nsta11ation and
bt proper operation of the compressor system prior to the first of
Azar to insure no chance of y;nterkill during the last three months
of 1353. The purchase and installation of the UT=85 Atlas Copco
Compressor should insure that winterkill will not occur.
| Monthly surveys will be made on Neur Lake during Aban,Azar,
Dey, Bahman, and Esfand to document the decrease in dissolved oxygen
in the lske. From last year's data we anticipate the helixor aeration
system will have to be turned on about 10 Dey 1353 and operate until
aboﬁt 15 Esfand. Whenever the dissolved oxygen levels in the lake
£all below 6 mg/1 (ppm) the compressor system will be turned on.




At a water temperature of 10=-12 C 1000 meters of gill nets (25«
40 mm mesh) are needed to catch 300 kg/day. For a catch rate of one
metric ton per day 3000 meters of gill net will be needed.

To date, the 200,000 rainbow trout stocked in Neur Lake have in
no way caused a decrease in the amphipod population of the lake. The
trout feed only upon the largest amphipods present in the population
at any one time. Furthermore, they are not an eificient predator upon
the amphipods until the amphipods are sexualiy m#tﬁre and changé from
a sedentary benthic existence to a highly mobile, pelagic habit as they
search out prospective mates to complete the life cycle. Once the -
amphipods reach the pelagic, mobile stage of their life cycle they
become extremely susceptible to predation by the trout in the open
. water areas of Neur Lake,. However,bthose adults that restrict theme
selves to the inshore areas of the lake (where most of the amphipods
remain) are never susceptible to pfedation bg&the trout on a large
gcale basis., These conclusions are supportedAthe extensive study
carried out on the amphipod Hyalella azteca by Cooper (1965).

' ‘The Neur Lake amphipo& will probably not bfeed again this
Iranian calendar year and produce a third generation befo:e Esfand.
Although the second generation will probably be sexually mature in

late Aban or early Azar, they should be prevented from breeding By

the cold water temperatures.
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APPENDIX

NEUR LAKE AMPHIPOD POPULATION ES':IMATION
The population estimation this time (based on a sample size of 1k)
b2}
is 537 amphipods/m~. The procedure for calculation of the variance,

standard deviation, and 95% confidence limits is outlined below.

& . ; -
(ziyi)z = 56, ,550,400 NOTE: The finite population

correction factor (FPCF = Nen/N)
2 i t in thi

(!Eyi) '/n = 56,550,400/14 = is equal' o one in »15 case as

the total area of the lake is

infinitely large compared to the

The estimated variance of y: . 2 _ »
14 m” samples taken to get the

- v(y) = gz(N-n)/N * :
n population estimate.

Thus, V(y) = sg/n whars &= w i:(yi - ;)?/n-i -iiyiz - (ﬁ{yi)%/n N1
52 = 12,109,000 = 56,550,400/14 = 12,019,000 = 4,039,31k =7,979,$86/13
s%n 7+979,686/13 = 613,822 : -
s = + 783.5

-

V() @ s /n u 619,822/14 = A3 BAG

95% confiéidence limits for the population mean are as fqllovsz

g =T oha/2 D.F. (; V(iy) ) and :alpha/2 e 2,16 for n=1 (13) D.F.

B = 2.16 (:‘V Viy) ) = 2.16 (:“[43,844 ) == 2,16 X+209 = + 451.44 ;




*A\FIGURE ONE. LENGTH VERSUS
RAINBOW TROUT

. LENGTHe IN CENTIMETERS

* 0
e @
o

©

SWVYD NI IHDIEM
T T i




FIGURE TWO. NEUR LAKE RAINBOW TROUT STOCKED IN ORDIBEHESHT 1333
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FIGURE FIVE, BETHYMETRIC MAP. NEUR LAKE, EAST AZARBAYJAN PROVINCE, IRAN
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ABSTRACT

A 16 day experimental commercial fishery was conducted at Neur
Lake from 30 Mehr through 16 Aban 1353. During that period 14098 trout
weighing 4630 kilograms were caught. The total weight of the fish

marketed by the Jeijrud Trout Farm was 3838 kg, Ninety-four large trout
4 J 38 kg y g

from the 1352 stock were also caught, of which 70% were femple. In the

mordab at the north end of the lake 1083 kg were caught. Temperature

of the water on the first day of the fishery was 9,0 C and it decreased
to 6.5 C on the last day. Average weight and catch per unit effort

(CPUE) data are presented in the report on a daily basis. Recommendations
are set forth as to the type of commercial fishery that should be
implemented next year, both in regard to time and the type of nets to

be used.




Title: Neur Lake Experimental Commercial Fishery
Job Project Number: Le6~53
Work Projects: WP L Population Estimation
WP 5 Stocking & Analysis
Period Covered: 27 Mehr = 16 Aban 1353

Personnel: Barry Nehring, Fisheries Advisor (27 Mehr =~ 6 Aban)

Jack Boettcher, Aquatic Ecologist(27 Mehr~ 4 Aban)
Ali Soltanpour, Algalogist (27 Mehr ~ 6 Aban)
Mohammad Saadati, Fisheries Biologist ( 5-10 Aban)
Hooshang Abbasi, Fisheries Biologist (5~16 Aban)
Ali Ghalamsiah, Accountant (27 Mehr =~ 16 Aban)

s

Ramezan Yahyavi, Fisheries Technician ( 27 Mehr= 16 Aban)
’

INTRODUCTION

A sixteen day experimental commercial fishery was conducted on
Neur Lake. The fish were caught by the Fisheries Unit and delivered
to persomnel from the Jejrud Fish Farm at the lake, according to
the agreement with this company and our department. Fish were collected

twice each day {(weather permitting) at 6AM and again at & PM.

METHODS

Five hundred meters of gill net with mesh sizes varying from
25 mm to 70 mm were set at nine different locations in the main
lake and the mordab at the north end of the lake, Neur Lake is
naturally divided into two sections as the result of a sand spit
acress the northern two-thirds of the lake. The nets were set at
the locations designated in Figure One of the Appendixe. Figure One
also provides a list of the length of each net set by alphabetical

designation.




Twice each day (at 6 AM and 4 PM) the nets were checked, fish
reomowed, weighed, measured, and the biometric data recorded. The
fish stocked in 1353 were counted and weighed in 10 kg lots for
rapid processing while the large fish from 1352 were handled individe
ually and a sex determination was made at the same times

Some of the fish had deteriorated in the nets and were not
marketable by the Jejrud Trout Company. These fish were set aside and
divided among the local workers hired to clean the fish, the local

ame guards, and the Fisheries personnel.
b % &

Biological Data

Biometric data collected from the large trout stocked in 1352
is recorded in Table One in the Appendix. The average length of these
trout was 47.3cm; the average weight was 1602 g; and the average
condition factor was 1452 . These fish ranged in size from 40 cm and
900 g (female) to 55 cm and 3025 g (male). All of these fish could
readily be distinguished by sex and all were sexually mature with the
exception of two females that had granular ovaries but would not
be ready for spawning until late spring 1354 or late fall or winter
of 1354. All of the other large trout were within one or two months
of being ready to spawn.

Catch per unit effort (CPUE) per meter of net and the average

weight of the 1353 stocked fish was calculated on a daily basis

and recorded in Table Two in the Ap?endix, The temperature of the

air and water was measured and recorded daily to determine the
relationship (if any) between the total daily catch and the ambient
water temperature. Ove? the 17 day period of the commercial fishery,
the water temperature decreased from a high of 10.5 C to 6.5 C on the
last day, or about a 40% decrease in water temperature over the 17 day
periods, The catch per unit effort decreased about 60% over the same
time period from the first day!s CPUE of 0.81 kge As the water temp~
erature decreases the trout experiences a proporticnal decrease in
metabolic activity and this means that the fish does not move about

as actively. Thus, the catch rate drops




water temperature. However, the decreasing catch is not due to the
decrease in temperature alone, but also because our nets were in
poor condition and deteriorated significantly over the 17 day period

when the nets were in the water. This also caused the catch to decrease.

RESULTS AND DISCUSSION

During the commercial fishery 14098 trout weighing 4630 kg were
caught of which 3838 kg were considered marketable and sold to the
Jejrud Trout Company. Each day about 10-15% of the trout were damaged

in the gill nets to the point where they could not be transported and

marketed in Tehran without considerable spoilage resulting. This was

the reason for the 16% difference between the total catch and the total
received by the Jejrud Fish Company.
The average catch per day was about 500 fish weighing 300 kg.
Daily catch statistics are presented in Table Three of the Appendix.
Air and water temperature data are recorded in Table Four in the

Appendix, Figure two in the Appendix presents temperature vs CPUE data.

RIEICOMMENDATIONS AND CONCLUSIONS

A catch of 14098 trout is very small in relation to the 200,000
trout stocked in late Ordibehesht this year. There is still a large
population of fish in the lake., For the commercial harvest in 1354
we recommend the use of a LOO meter beach seine 3 meters in width with
a 30 mm mesh size on the wings and 20 mm in the bag. This method of
harvesting will be much more efficient than gill nets. With a beach
seine and the existing population of trout in the lake it should be
possible to catch 1500 kg per day; thus, the harvest can be completed
in a very short period of time if necessary. Using a beach seine will
require a 5 meter wooden boat to operate the szeine efficiently. In
those portions of the lake where submerged vegetation and shallow
water hinder the operation of a seine, gill nets can be employed for
the harvest. Apart from taking a long time to catch the fish with

gill nets and an exhorbitant amount of labor, the gill nets have the




added disadvantage of rendering 10-15% of the catch per day
unmarketable. In contrast, the beach seine insures that the trout are
absolutely fresh, no Bhysical damage is done to the trouty and it is
much more efficient. If gill nets are used in the commercial fishery
in the coming year they should be of the 35-&0 mm mesh size.

Inasmuch as the greatest portion of the biomass of trout remains
in the lake, we recommend that another commercial fishery be implemented
in Ordibehesht 1354 just as soon as the waather conditions permit,

This commercial fishery should continue until it becomes economically
unprofitable to catch any more fish. It should be possible to catch

between €0=70% of the biomass in the lake before the point of unprofit=

ability is reached.
i

f the commercial fishery canmot be. implemented in Ordibehesht
next yeary then it will not be possible to stock the laka until such
time as the commercial fishery has been completed. This is to insure
that excessive cropping of the amphipod population does not occur.

A biomass of 150,000 large trout and an additional 200,00 fingerlings
could put undue ecological pressure on the amphipod population.

If the commercial fishery is completed by the end of Ordibehesht
or early Khordad then it will be possible to stock 10-~12 cm fingerling
trout and possibly harvest 400-500 gram irout by the end of Shahrivar
1354, With a commercial fishery in the fall 1354, it is recommended

hat it be implemented early, probably by the 10=15 Mehr 1354 to
insure completion of the commercial fishery prior to the onset of

winter,




APPENDIX

Table One. Biometric Data, 1352 Stocked Rainbow Trout, Neur lake
27 Mehr = 16 Aban 1353.

X N Range
Length (cm) L7.3 80 Lo ~ 55
Weight (g) 1602 80 9003025
Condition Factor 1.52. 80 et

Sex ratio{Males/Females) = 30%/70%

Table Two. Catch Statistics, Neur Lake Commercial Fishery, 27 Mehr-16 Aban 53.

Date CPUE fort Ave., Wt, Date CPUE Effort Ave. Vte
(kg/m/da) (meters/da) (g) (kg/m/da) (meters/da) ( g)

30 Mehr 0.81 , 316 8 0.39 560 310
Aban  0.78 400 321 0..36 560
Aban  0.71 100 31h 0.41 560
Aban 0.7% 325 0.45 560
Aban 0.72 : { 299 O.k1 560
Aban 0.65 319 C.Lb 560
Aban 0.57 324 0.35 560
Aban 0.56 338 0:38 1560

Table Three. Additional Catch Statistics, Commercial Fishery. Total Catch.

Date small fish arge £isl small fish 1ar§e fish
Number wtfka) . vt (ka). No. wt(kg)i No. wtikg)

30 Mehr 2151 - 5 3 722 5 5e150
Aban 932 ‘ 589 4,290
Aban 903 697 6,400
Aban 1076 ; 755 8,900
Aban 1309 : 727 6,650
Aban 1146 29 36325

Aban 995 9 Aban 619 1.450
Aban 934 9 Aban 652 i 1,700

- | : -
TOTALS* 14004 48, 6! Totaled from both columns,




APPENDIX

Table Four. Water Temperature of Neur Lake from 30 Mehr =~ 16 Aban 1353

Date Water Temperature{C) Air Temperature(C) Time (hrs)

30 Mehr 9.3 . 15.8
1 Aban 10.0 155

2 Aban S5 15.0
3 Aban 903 12.0
L Aban G0 13.0
5 Aban 8.5 12,0
6 Aban 8.5 10.0
7
8
9

Aban 8.0 10.0
Aban 8.0 10.5
Aban 8.0 12,0
10 Aban 8.0 12,0
11 Aban 8.0 1345
12 Aban 8.0 10.0
13 Aban 8.0 9+5
14 Aban Te5 9.0
15 Aban 6.5 75
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FIGURE TWO, CATCH PER UNIT EFFORT VS.
WATER TEMPERATURE
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ABSTRACT

Eight days were spent in completing ths first limuological survay
of Neur Lake during the 2ield seasom of 1975 (1354). An evaluation of
the extent of trout mortaliiy was made and estimated at 7 = 10% of the
total population in the lake last Aban 1353. An awphipod population
estimation was completed and found to be 321 amphipods/ square meter of
substrate in the shallow areas of the large lake. The average in thes
small mordab was estimated at 832 amphipsds/ square meter. Analysis of
the ecology of Neur Lake by engineers from Polcon Corporation in Canada.
has supperted our conclusions from this wintsrs data and they recossiend <
the installation of another compressor and L additional helixzors. It
is recommended that an additional UT = 85 Atlas Copce Compressor be
ordersd as soon as possible and that a letter of credit bes opened for
the purchase of four additional helixers and air freight charges from
Montreal to Tehran. : :

A commercial fishery should be implemented at the earliest possible
date to harvest as large a bicmaszs of ths trout population as is econe
cnically feasible. The harvest should bz done with a 500 meter beach
seine of 25 mm mesh size. All efforts should be taken to insure proper
removal, distribution and dispersal of the fish taken in the commercial
fishery to insurs that no spoilage occurs,
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WP 2 Fish & Aguatic Invertabrate Collactions
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INTRODUCTION

Our fisheries management program has been going on an intenzivse
basis for two ysars now. The fish have beenm stocked and the aeration
equipment has been instaliled through one winter saazon. The purpose
of this survey was manyfold: 1) To evaluate the extent of the wortality
of rainbew trout in the lake this past winter; 2) To collect water
quality and limmological data on the lake; 3) To evaluate the increase/
decrease in growth of the trout in the lake ovar the winter monthsg
L) To install a "fish fence! in the outlet of the upper larger lake to
prevent trout from moving out of the upper lake into the lower lake and
out the irrigation outlet; and 5} To carry out a populaltion estimation
of the amphipod population in the upper lake and orient Game Guard II
Ramezan Yahyavi in the technigues of completing an amphipod population
estimation so that this data can be collected every two weeks all
summer long in the absence of fisheries personnel.

RESULTS

Water Qualiiy Data

Physical and chemical limnological parameters wers measurad and
recorded as presented in Table One in the Appendix. No unusual data.

was obtained -and conditions ware as expacted, Tha water tewperaturs . .

was about 9 C throughout tha period of the survey which was exacily
the temperature during our commercial fishing efforts in Mehr=- Aban
1353 ( Abbasi, 1974). This fact allowed us to make a mors effective
evaluation of the axtent of the mortality this winter as comparad to
the general population levels of trout present in the lake last Mehr
and Aban, Water quality data was measured in the deepesit part of the
lake, a pocket of water at the southeasternmost corner of the lake.

The lake is 5.5 meters deep at this point. As can be seen from the data
in Table Cne, no stratification exists in the lake and ncne is exp-
ected throughout the entire summer,




Trout Population Analysis

Five days were spent in gill netting to determine how great a
decrsase in the trout population had occurrad due to winterkill this
past winter. Four different gill nets were used with three different
mesh sizes, The mesh sizes ranged from a minimom of 20 mm o a maxw
imum of 50 rme. The nets wers fished all around the perimeter of the
laka in an attempt to evaluate the distribution and/or concentration
of f£ish in a particular ar=2a of the lake.

Our catch statistics for the five days of gill netting show an
average catch of 0.56 kg trout/ meter gill net/day. This compares
almost exactly with our commercial fishing statistics for Mehrw Aban
1353. During the 16 day commercial fishery we averaged 0.55 kg trout/
meter net/day (Abbasi, ibid.). The data from the gill netting on this
survey is presented in Table Twe of the Appsndix.

Biometric data on the Neur Lake trout population are presentad
in Table Three of the Appendix. These data are somewhat biased for
small trout as they were all caugbt in gill nets with a very small
mesh size. The optimm mesh size for the trout of Neur Laks at this
time would be 40 mm. Thus, the data presented in Table thrse reflect

' that segment of the population that is smaller than normal. The 20 mms
mesh gill nets were so small that even the smallest fish were only
caught by their teeth or tangling their mandibles or maxillary bones
in the gill nets. Had the mesh size on these 20 mm mesh gill nets
been 35 = 40 mm the catch { as presented in Table Two) with these gill
nets would probably have besn at least doubls. Accordingly, our catch
statistics might also be biased on the low sidee

The biometric data presented in Table Three of the Appendix
readily reflect a significant differepce in the growth rate of male
and female trout, especially those fish stocked in 1353, Thias is to
be expected as all of the male trout wers sexuaily matwrs last fall,
and many still posseas ripe gonads {axtruding milt) vet. Whenayeir a
fish becomes sexually mature the growth rate slows greatly. Howsver,
once the pariod of sexual activity passes for this year, the male trout
will once again begin to grow rapidly as the food resource in Neuxr Lake
is copious to say the least,

The two year old trout (1352 stock) appear to have lost no weight
on the basis of the threes large trout taken on this survey. We expect
these fish to average in excess of 2.5 ~ 3 kg by the end of this
growing season. After the 1st of Shahrivar when the food supply in the
lake becomes more restricted and less available to the trout; thesas
fish should provide excellent sport fishing for any anglers presant to
take advantage to the opportunitye.




Figure Three in the Appendix illusirates the approximate locatios
and density of dead trout in Neur Lake as we found them during the weex
of 13 = 20 Ordibehesht 135%. Although the trout weres undoubtsdly eveniy
distributad over the northern half of the lake and frozen in “‘he ics
after they died, the wind blew them into the concentrations as shown
after the ice melted from the lake., The 13,000 dead fish werw cowmted
{estimated) in 100 unit lots by Barry Nehring and Bruoce Sanford. 1t s
quite remarkable that only 13,000 trout died during this past wiatas
when one considers that the trout were subjected to dissclved mxypems.
levels of less than 1 mg/l for over a thirty day period (Tables Mime
and Ten, Appendix)., Trout tolerance to dissolved oxypen levsias this
low has never besen documented previously. The appar=snt "acclimeties”
to 2 mg/l for the 45 day period prior to being exposed o lsse Liwes
1 mg/l was undoubtedly the reason for the good survival of the iresd.

. Nehring (1975) hypethesized that this acclimation pariocd =might e
enough to bring the trout through the winter in good comdities.

Installation of "Fish Fence' Batwsen the Lakes

During the week of the survey Mr.s Sanford, Medrimg, amd eswd
installed a sixty meter long fish fence betwsen the upper ae=d L™
parts of Neur Lake in order to prevent migratiom of fiah Frway Gdwe ST
laks into the lower lakas and then out the irrigatiom swtlet. pe
fance was to have been installed as soom as poseible afles Liw a4
severe weather conditions prevented its installatiam peise Sa =
arrival. However, it has been installed now and furthesr wigreiiss &nE
loss of fish from the main lake is now prevemted. i sme Sa¥ ok & LK
of a 50 meter by 2 meter gill net with 20 mm mesh sime roeulted bo &
catch of only 15 trout, indicating that very few tywai uns. wiige W
from the large lake into the small lake.

Amphipod Population Analysis

attempt to document any differences or pralsrmecsiu - Mok ,,'ﬂif; ?:' _
amphipods ragarding deeper versus shallow watat. M"M : “"‘ ” mw ’“;A S
14 stations set up in the upper lake (Boeticher. "?F'Q” w: G
or samples are drawn, one in water 1 = 1.5 metsss L8 w@:ﬁ; :g w

in water 2 = 2,5 meters in depth. This will s ; e
preferences can be destected in habitat palectios T '  e =
Furthermore, 5 additional stations were set up i% :

is more productive and shallower than the u :

lake contains very few fish, the lower laks "fi‘*‘

by which to evaluate the amphipod populatien -

responds to predation by the rainbow trouts

The amphipod sampling program was latensilied e




Table Four in the Appendix presents the amphipod population of
Neur Lake on a station by station basis with the first 14 stations
broken down by substations "AY & YB¥ , As can readily be seen from
the data, the amphiped population appears to concenirate in the area
around the "A" zubstations or the shallow water. The average population
data, presented in Table Five of the Appendix shows that we averaged 321
amphipods per square meter. This is somewhat less than the 537 amphipods
per square meter found last year by Boettcher(ibid), However, the sample
this ysar was taken a week earlier and it is quite possible that the
population level could incresase in the next few weeks to equal or
surpass the levels of last year, However, if the decrease is real and
is due to predation by trout, the amphipod population is still in no
great danger. Figure One in the Appendix is a graphic representation
of the relation of the amphipod population in the lake to the predation
on amphipods by the trout. The "hatched"” portion of the graph show that
portion of the amphipod population consumed by the trout and the claar
portion the amphipod population as it occurs in the laks. The black
portion of the graph indicates the areas or percemtage of overlap betwesen
the amphiped population in the lake and the predation by the trout.
The majority of the amphipods consumed by the trout bave from 24 to 28
antenna segments which indicates that the trout are grazing upen the
oldest 10 % of the amphipod population. Over the summer they may graze
down to that level of the population baving 20 antenna segments but not
much lower. Our data from last year (Nehring, 1974, Boeticher, 1574 b)
shows that the majority of the awphipod population in the lake is made
up of young immature amphipods at all times. As long as thers is no
intense predation by trout on the immaturs stocks ' of amphipeds, no
danger exists for the amphipod populatione.

Table Seven in the Appendix containz data on the fecundity of
the female amphipods. The ranga of egg production is from 16 to 30
with an avsrage of 24. eggs per female produced during a single
mating. Pennak (1953) indicates that amphipods often breed continually
throughout mmch of the summer.

The ice on the smaller lake melied off a waek or ten days sooner
than the ice on the large lake. Thus, it is to be expected that the
amphipod population in the small lake is mors farther along in the
davelopment of the first generation of amphipods for 1354, Such is the:-
case. Figure Two in the Appendix shows that the amphipod population
in the mordab is composed of older individuals. The mean antenna
development in the large lake is about 17«18 segments while in the
smaller lake the mean antenna development is about 22-23 segments.




DISCUSSION
Condition of the Trout Population

How extensive was the trout mortality in Msur Lake this past
winter? We estimated 13,000 dead trout along the shores around the
northern half of the laka. If there were 130,000 fish in the lake
last Aban after completion of the commercial fishaery then the total
loss would be 10%. If 150,000 fish remained after 17 Aban 1353, the
mortality would have been 8.7%; if 180,000 trout remained the tstal
mortality would be 7.2%. Of course, all this assumes our tally of
13,000 was accurate and accounted for all of the loss. This is not
necessarily true., Nonetheless, we feel safe in saying that 90% of the
population or more survived the winter as our gill net catch wonld
have been significantly lower if a greater percentage of the population
had died. If the total loss had been between 25 and 50 percent then
our gill net catch would have baen corrsspondingly lowsar. Phuphy
(1966) shows that as the fish population decreases, the catch per
unit effort alse decreases proportionmally.

With less thasm 10% mortality of ths trout population in the
lake, it is quite necessary that a commercial fishery be implemented
as soon as possible. Proper arrangement for both catching of the
fish and an efficient system of dispersal and distribution muat de
provided for. It is also mmst important that the commercial harvest
begin no later than 1 Tir 1354 in order to give adequate time for
harvesting of the fish and also to allow for restocking of the lake
by Mordad or at the latest 1 Shahrivar 1354, It would be best if the
lake could be restocked in Kherdad or Tir to allow the newly stocked
fish to take maximum advantage of the maximus abundance of the
amphipods in the lake during Tir and Mordads however, without first
removing a large portion of the trout population in the lake at -
present, we would probably suffer excessive mortality of tha newly
introduced small trout to predaceous large itrout.

Although our amphipod population estimate this year (321/32) is
somewhat less than that obtained by Boettcher {(1974) last year, no
conclusions can be drawn that the decrsase is indeed due to intense
predation by the trout and that the amphipod pepulation in the lake
is in danger of extinction. This will not happen. As can readily bse
discernaed from the graphic analysis presented in Figure One of the
Appendix, the trout are feeding only upon the largsst 10% of the
amphipod population. This was our recurring observation last year.

As such there is absolutely no danger of eliminating the amphipod
population through excessive predation by the trout.




Examination of the data presented in Tables Nine and Ten (sumwmary
of the dissolved oxygen data from Neur Lake this past winter) revsal just
how close we actually came to losing all of the fish. The period of
acclimation to near lethal dissolved oxygen levels that began on or about
the 30th of Dey and continued through the 1st of Esfand 1353 was all
important as it allowed to fish to adapt to these near lethal oxygen levels
and when the major breakdown of the comprassors occurred on the 3rd of
Esfand and the oxygen levels dropped to less than 1 mg/1l the fish wers
still able to survive, All this leads one to concluda that drastic
redesign of the aeration system needs to be implemented this summer and
fall to insure that we are not relying on "Lady Luck" to carry us through
again this year.

A detailed evaluation of the aeration system for Neur Lakes was
requested from Polcon Corporation in Montrmal (supplier of the helixors)
and has just recently been received, They definitely recommend another
four helixors to augment the systems as they are installed now, in
addition another compressor or positives pregsure blower., Analysis
has shown that: 1) four more helixors are necessary to openn up a
critical area of ice which will allow for additiomal asration of the
lake water through wind action and wave action. The helixors can only
transfer 9% of the actual oxygen pumped into the water when installed
at 5 meters depth, When installed at three metsrs depth this efficiency
drops to 6% ! Our evaluation of the oxygen demand of Neur Lake sat at
1050 kg per day was substantiated by Polcon Engineers. They supplisd
further data that indicates the Hslixors were putting in only a bit
more than 100 kg per day. Even with four more helixors the system will
only put in 200 kg per day. Their analysis alsc showsd that: 2) the
helixors must be activated earlier in the year to prevent large build
ups in ice thickness, and 3) to open up a large enocugh Lols to allow.
for reaeration of the water through wave and wind action. To accamplsih
these last two objectives, it will be necessary to install another
UT =~ 85 Atlas Copco Compressor , install a total of 8 helixors, and
locate the helixors all very closs together to insure that one large
hole of about one hectare in size is kept ice free all winter .

Thus, it is imperative that another Atlas Copce Compressor
( UT = 85) be installed this year. Budgetary allotments have bsen made
for the purchase of this unit. Also a letter of credit sheuld be
opened immediately for the purchase of four mors helixors and their
shipment to Iran from Montreal, Canada by air frsight as soon as
possible,




RECOMMENDATIONS AND CONCLUSIONS

1) It is recommended that another Atlas Copco UT = 85 compressor
mit be purchased for Nesur Lake for installation late this swmmer, This
unit is absolutely necessary to insurs that no fish mortaliily occurs
this winter. :

2) It is recommendad that an additional four helixors be orderad
from Polcon Corporation as soon as possible for installation in Neur
Lake this sumer, These four helixor units ara necessary to insure that
a sufficiantly large aeration hole is opened in tha lake so that
additional reoxygenation of the lake's waters occurs through wind and
wave action as even eight helixors by themselves can supply only 20=
25 % of thes total oxygsn consumed by biological decomposition during
a 24 hour period.

3) It is recommended that a commercial fishery be implemented
at the earliest possible date to remove as large a biomass of the trout
in Neur Lake as possible to allow for early restocking with mors 2l
fingerlings. This commercial fishery should be implemented with a very
efficient system for distribution and dispersal to eliminate any
wastage as occurred last year. The harvest itself should be accomplished
with beach seines of up to 500 meters in length with 25 pm mesh in ths
bag of the net. This will be the most efficient method of fish capture
and eliminate any unnecessary losses due to speilage.

L) Our analysis shows that approximately 7 = 10 % of the fish

population in the lake was lost due to winterkill in 1353..

5) Our amphipod population surveys show that the amphipod
population is net in danger of significant decrease due to excessivs
predation by rainbow trout. We expect that the amphipod population will
continue to expand throughout the summer until midedMordad when it will
begin to decrease due to cessation of natural reproduction of the
amphipod population. :
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APPENDIX I

TABLE ONE. WATER QUALITY DATA, MEUR LAKE, 1% ~ 20 ORDIBEHESHT 1354

Date Time. Air T }120 T D.0. Alkalinity Hardneass Phth Depth

(#Rs) (c ) (C) (mg/1) ( as mg/1 caco3 ) Alk. ()

1L/2/54 1700 12,0 12.3 surfaca
15/2/54% 0700 4.0 9.4 . , : surface
15/2/54 1100 13.0 9.8 surface .
15/2/54 1130 13.0 9.3 _ 5 metars
15/2/54 1200 12.0 9,8 : 3 meters
15/2/54 1215 11.0 9.8 2 metars
15/2/54% 1230 10.0 9.8 - 4 meters
16/2/54 1900 3.0 9.2 surface
17/2/54 1900 3.5 9.0 surfacs
18/2/54 1500 4.1 9.2 : : surface
19/2/54 0800 =0.8 7.0 ‘ : surface
19/2/54 1500 5.8 10.2 . surface

TABLE TWO. NEUR LAKE CATICH PER UNIT EFFORT {(CPUE= KG/METER NET/DAY);
15 « 19 ORDIBEHESHT 1354

DATE NET SPECIFICATIONS LOCATION OF SET CPUE { XG/M/DAY )

15/2/54
16/2/5k
17/2/54
17/2/5%
17/2/5h
18/2/54
18/2/54
18/2/54
19/2/54
19/2/54%
19/2/54
19/2/54

AVERAGE ENTIRE SURVEY = 0.56 kg/ mater net / day

e
\o
g

=

south end of laks 1.3 kg

south end of lake. - 1.2 ko

north end of laks. 0,33 kg
south end of lake - 0.40 kg
east side spring = 0.50 kg*
south end of laks 0.42 kg
north end of lake 0. 30 kg
west side of lake = 0,27 kg*
wast side of lake - 0,27 kg*
east side of lake - 0.46 kg*
south end of lake 0.49 kg
east side spring 0.85 kg
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* NOTE: The CPUE data here is heavily biased on the low side as the fish
ware only caught in the nets by thelr teeth and mandibles, Larger
fish (over 300 g) were unable to gat their heads into the nat.




TABLE NINE. SUMMATION OF NEUR LAKE DISSOLVED OXYGEN DATA, WINTER 1353.

NEUR LAKE DISSOLVED OXYGEN DATA WINTER OF 1974-75 (1353)

Helixor 1 Helixor 2 Helixor 3 Helixor L& 1-2 23 Average

{mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)

5/9/53 10.3
19/9/53 10.8
1/10/53 9.0
10/10/53 : 6.6
17/10/53 3.7
25/10/53 Lok Lt
30/10/53 3.7 - Ce¥
5/11/53 2.0 =
12/11/53 2.2 : Ot
17/11/53 2.1 2.4
23/11/53 2.8(3.8) a3
26/11/53 2.1 1.5
1/12/53 1.2 s R
5/12/53 0.5 : 0.6
15/12/53 0.5 1e5 0.8
22/12/53 0.8 ‘ Al ik 0.6 Cu?
1/1/554 O.k v 0} 57 0.8 0.6
5/1/54 1.0 0.9 . Lk 1.5 S
9/1/54 0.9 1.0 1.2 13 1.0
16/1/54 6.5 6.0 8.0 78 6.6
20/1/54 4200 9.0 70 7O 13.0 12.0 10.0

Neur Lake froze over on the 6th of Azar 1353 and began to break up
on the 20th of Farvardin 1354. The ice began to break up from the northern
shore of the large lake along the sandspit,.




TABLE TEN.
HEUR LAKE MISCILLANEOUS DISSOLVED OXYGEN DATA, WINTER 1974-1975 (1353)

LOCATION OF SAMPIEZ {APPR TE) MG/LITER DATE

South end of the laka { near shors) 0.1 22/12/53
South end of lakew-2CO meters from shore 0.9 22/12/53
Pressure ridge hole (east side of laks) 0.8 22/12/53
Large auxiliary hole near housa 05 22/12/53
- Big Cheshmeh MNB cormer of lake 6.6 23/12/53
Big Cheshmeh, edge of ice 2.6 23/12/53
£O metars N of big cheshmeh 1.6 23/12/53
Creek inlat at NE corner of lake 10,0 23/12/53
5 metars from creek mouth 5.0 23/12/53
North end lake, 10O meters from shore/ 0.3 23/12/53
mid lake, 500 meters from North shore 0.5 23/12/53
40 meters from west bank 0.3 23/12/53
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FIGURE THREE. LOCATION OF DEAD FISH AROUND NEUR LAKE.
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ABSTRACT
Ten days were spent carrying 6ut population est mations on the
brown trout populations of the Lar, Karadj, and LigVanchai?streams;
Mo unusual differences were observed: batveon this year‘and last in ™~
populatlon densities with the exception of the Chesnmﬁh Do. Barare,

,ponula&lon whara we observed. 11 4380 trouu/km ovar~2 _years of age. AL

£%

the: snr1ng, the trout were: suffering irom gas- embollsn and it 13- feared :
this problem could lzad to secowdar) 1nfectlogg—f;;ﬁ bacterlal Qlll dlseas;
‘and/or-funnal 1nfestatlons from San*o;egnla sp. It is recommended” that 'the
‘j;?lr% Lar river. sybtem be opeﬂad up to trout fishing next year, allk the
my from Kanardasht to Cheshmeh Do Barare. Statis 1ca11y‘51gn1fxcan» !

'nces,in average length of thoatrout Jere observed in thm Lar

thiz year - as comoared to last'year. All age claozes of trout two

and over were 2 -~ 3 cm shorter than last year .. h’c is be’levedu~i
to b= due to a shortened growing season thlp year. Fishing regulations

discussed in the recommendations and conclusionsa
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INTRODUCTION

The purpose of this survey was to obtain accurate population
estimations on the brown trout populations of the Lar, Karadj, and
Ligvanchai rivers: in order to effectively evaluate and manage these

trout populations in the coming year.

RESULTS: - .

Table One in the Appendix pfesents gfowth data by age class,
broken down by sex and includes data on weights and lengths for both
the La; river and the Ligvanchai river. This data was not collected
on the Karadj river this year or any of its tributaries. Table Two
in the Apnendix presents the population estimations completed in 1354
on all tribataries of the Lar and Karadj systems, as well as the

Ligvanchai river in East Azarbayjan.




Table Three in the Appéndix presents biometric data on all trout
populations that were subjected to population estimations this fall.
The data is based on age class breakdown by lengthmfrequency dist-
ribution as well as age classification by scale growth r;ng analy31s.
Table Four in the appendix presents the overall age class structure
with 95% confidence limits. This data is compared to age class
composition between the first shocking and second shocking as well
as the percent recapture by age class. The table alse bPresents the
average rate of recapture for all age classes in each population and
compares it to the percent recapture in each age class.,'.

Table Five in the Appendix presents a statistical evaluation of
the Lar river brown trout by age class between 1354 and 1353. Table
Six presents a statistical evaluation of the Lar populations by age
class between 1353 and 1352. And Table Seven, presents a statistical
evaluation of the Lar populations by age class between 1354 and 1352.

Table Eight presents a comparison of the population estimations

from the Lar and its tributaries, the Karadj trlbutarles, and the
Ligvanchad Aiver  fop 1352, 1353 ..& 1354,

Table Nine presents a comparison of the population age class
structure within individual populations for the years 1352, 1353, and
135k, This data helps give the biologist a better idea of what state
of flux the population in question is in, i.e.y is it in a steady

state, on the increase, or decreasing?

AB KHARSANG

Our investigations this year showed a populatien of 1310 trout/km

in the Ab Kharsang. This is almost a 100% increase over our estimate from
last year. Virtually all of this increase was due %o a large cohort of
two year old fish entering the population (49.L2% of this years population
is two year old trout) comprising about 650 trout per kilometer. In
addition, good survival of theAyear old age class from last year to this
year also contributed to the increase. The survival was better than 50%

with LOO three year olds (1353) becoming 230 ;our year olds this year.




It is most significant to point out that the population in the
Ab Kharsang this year was the lowest in the Lar valley except for the
Alarm, and last year (1353) it was the lowest of all estimates in the
Lar river, yet the trout habitat is the best to be founa in the Lar
valley. This readily points out that population density does not f
necessarily equate with a healthy trout population,. This subject will

be elaborated upon in the discussion section.
AB ~ E - SEFID

ﬂo-éstimate.was possible on the Ab-e-Sefid tributary this year.
However, our'attehpts to get an estimate on this stream over thé past
three years { we were successful in 1352) leads us to the conclusion
that the population is at about the same level as ve found il an 3528
as far as total pumbers of trou® are concerned. Hoﬁever, this year 85%
of the popu;ation was 2 year old trout, similar to last year, and very
rruch unlikei1352 when the population was composed primarily of large

three gnd four year 01d trout‘
ALARM

This year the overall population age class structure in the.
Alarm river was virtually identical with last year in all age classes.
" However, the population estimate has decreased from 233%4/km last year

" to 751/km this year. Howewer; NEHRING: (1974) pointed out that the-

population density ldst year was quite unnatural and probably resulted

from immigration into the Alarm from the main Lar during the floods of
Tir:. and Mordad 1353« This year, with normal water levels, the trout

again retreated into the main Lar river at Gozzeldareh and the population
level fell back to normal. It is significant to note that no decrease

in the population belew 1§vels of two years ago occurred even though
fishing was allowed in the Alarm for one nonth this year, Next year

(1355) this stream should be completely opened up to trout fishing.




CHESHMEH DO BARARE

Our population estimate at Cheshmeh Do Barare this year revealed

agﬁ,increase of about 50% over last year and almost a 500% increase

over 13521 We found a population of 11,380 trout/lm with 95% confidence
limits of + 1576 trout/km. The population is building to the point |
- where it may soon crash from disease or other causes, something that
is virtually unheard of in fish populations. Indeeﬁ, possible signs

of a diseasé are already manifest in the Cheshmeh Do Barare population.
Virtually 100% of all trout living in the immediate vicinity of the
big spring have very serious erosion of the mouth and gill tissues
with large bubbles under the skin. The bubbles are also present on
the gill covers, exterior of the mouth, dorsal and caudal fins in
extreme cases. Although this disease may be simplg gas embolism (gas
bubbles under the epithelial tissues due tb supersaturation of the.
vwater with some gas, probably nitrogen) it is still very serious as
this disease could soon run to other secondary infections that could
wipe out thé»trout population at Cheshmeh Do Barare for several
kilometers downstream. Most likely to strike will be fungal diseases
caused by the bacteria Saprolegnia sp., commonly known as "fin rot"
(the fins of the trout turn "furry''white with fungus and rot away)

or bacterial gill disease which rots away the respiratory tissues

on the gills. These bacterial diseases are world wide in distribution
and strike quickly in cases of overcrowding, stress due to spawning,
and malnutrition ( all three conditions flagrantly present at Cheshmeh
Do Barare) and can wipe out entire populations in a matter of weeks.
The problems are most readily present in hatchery situations,however,
vhen the conditions are right { as they most assuredly are at Cheshmeh
Do Barare) they can strike any fish population in the wild as well.,

The large increase in the CDB population this year is undoubtedly
due to the severe drought in the Lar river valley this past summer. -
The drought has dried up most of the Lar from CDB to Kamardasht. To
avoid death by dessication, the trout have no alternative but to swim

upstream as the water recedes, in this case to Cheshmeh Do Barare.




It is imperative that public fishing in the Lar river all the
way from Kamardasht to Cheshmeh Do Barare be permitted next year to
restore some balance in the trout population there before Mother
Nature does it for us. There is no such thing as stockpiling fish
for VIPs or anyone else, If man does not exact his toll on the pop-

ulation 4 then Nature will,
CHESHMEH SIAH

Our population estimate this year at Cheshmeh Siah revealed
1705 trout/lma two years old and over. This is the lowest estimate
taken here in three years and it readily points up many interesting
facts. First of all, since no fishing is allowed at this point,

it is obvious that increases and decreases in the trout population occur

regardless of what our management objectives are and furthermore,.

these fluctuations will continue regardless of whether or not

sport fishihg is allowed here. Also, the trout will continue to die of
old age, regardiess of our protection to "stockpile'trout for VIP
fishing. If wve examine the data presented in Tables Eight and Nine

in the Appendix, the numbers will readily reveal the futility of

this "protection” program,vlnv1352720%.of the population wés two .
year old trout or LLO trout.. In: 1353, 19% of the population was

three year old trout, cr‘480 trout. And in 1354, 7% of the population
vas four year old trout, or 133_frout.AThis 1352 cohort, wvhich made

up a small part of thé«popuiation in 1352 maintained its level in 1353
and then decreased by over 60% by 1354 to only 130 trout. In contraét
let us consider the three year old age class from 1352 which made up
4L3% of the population at that time, or 950 trout. In 1353, four year
old trout made up 5.4% of the population or 136 trout. In 135k, the
five year old age class ( 1353 three year old cohort) made up only
0.66% of the population, or 11 trout. Likewise, the 1353 two year old
age. class made up 74%:of the.tctal population or or 1660 trout. In
135%, the three year old age clasz made up 45% of the population

or 830 trout. These three little examples reveal a very important

biological principle of fish management, ie, mortality from natural -




causes operates in direct proportion to population density and the
carrying capacity of the streém. In other words, when the population
density is too high for the carrying capacity of the stream, natural
mortality will bring the population into balance througi intraspecific
competition among the trout. On the other hand, when popuiation

densities are at a low ebb as they were for the two year old cohort

of 1352 then natural mortality over the two succeeding years vas

much less. What thkis really says is that the rigors of iife in the

Lar at Cheshmeh Siah automatically cut the population of four year old
trout down to about 130 trout/kmfregardless of what the total number - AﬁAQLZ, calaf
of trout per kilometer is from year to yeaﬁ] Would it not be better ~h15 St
that the fishermen get a crack at this surplus of trout than have them b,
all lost due to natural mortality. That surplus was over 800 trout

from 16 -~ 24 cm during the 1353 fishing season, and 120 trout over

24 cn durlng the 1354 flshlng season.

The population estimation in the Siahpalas this year revealed
2436 trout/km over two years of age. This was very similar with the
estimate of 2542 trout/km last year. Also the pexrcentage composition
of each age class changed very little from this year to last, with_

the exception that no four and five year old trout were observed at all

this year. Two year old trout still comprise the largest portion

of the Siahpalas population, 83.5% both in 1353 and 1354. It is.quite
obvious that fishing in the Siahpalas this year had no effect on the
trout population whatsoever, considering that the population hats

1352 was only 726/km when fishing was not permitted in the stream.
Next year the Siahpalas should be opened to public fishing all year

round, from Khordad through Shahrivar at any rate.




LIGVANCHAL

Our population estimate on the Ligvanchai this year was 1246/km
with 95 % confidence limits of # 216 trout/km. The estgmate this year
is not directly comparable with last year as it was completed 4-5 km
above Ligvan village, whereas in the two preceding years the estimate
vas completed in the stream just below the village. However, we collected
trout for the Ab 3Bazuft stocking at the same place in the stream where
the estimate was completed two years preceding this, and we found the
population to be in the same condition as two years previously, or
abouf 500 trout/km, The habitat at this point in the stream is not as
good as several kilometers above the village and the water is mildly
polluted from excessive washing of human garments and carpets in the
stream, somavhat to the detriment of the trout population.

"It is interesting to note that the Trout in the Ligvanchai
are no larger in length or weight at a given age than the Lar river
brown trou%. However; biologically speaking, the Ligvanchai population
is undoubtedly in better condition. Where in the Lar river 100% of
all male and female trout are sexually mature inftheir second year,
in the Ligvanchai only 50% of the males are sexually mature and no
females are mature until their third year. This indicates that the
Ligvanchai population. in under very little stress, biologically
speaking as the Ligvanchai trout populatibn exhibited the normal
life span prior to reaching sexual maturity. In contrast, in the
Lar where the population,is,under-severe stress of intraéspecific
competition for food‘and living spéce; the population has become
Ustunted" in the sense that natural selection has pressured the
population into natural reproduction at 1+ years of age. Reproduction
at such an early age is generally a sign that the population is
undar severe. competition from some source and successful natural
reproduction is favored ( selected for) at 1+ years of age rather
than 2+ years of age. If the chances are much less for survival
to 2+ years of age prior to natural reproduction, then the natural
selection is for trout that spawn at 1+ years of age, and the growth

js stunted as all energy is channeled into sex productSass rather than

large gains in length and weight.



GAJEREH

Our estimate on the Gajereh this year was 488 trout/km over tvo

years of age, with 95% confidence limits of +.503 trout/km. The wide

- confidence limits were due to the poor rate of racapture of marked
fish on the second shocking. However, from our estimates in this stream
and others both from this year and past years, we feel the estimate is
fairly reliable. Fifty-three percent of the population in the Gajereh
this year was three and four year old trout. The Gajereh stream is
a very swift cold running stream with very little good cover for

trout which undoubtedly is one reason for the low population densitye
VARANG=-E-RUD

-Our estimate on the Varang-e-rud this year was completed at
the same location as two years ago (irmediately above Varange-e - rud
villagel. It ie SLinflcangn%he populatlon this year was almost 250%
" 'A, greater than at the same location two years ago, and even higher than
! our estimate in the closed section of the stream several kilometers
above the village. The obvious reason is that this year was the
first year in the past five years that Iran Saféris did not operate
a fishing camp at the village. With this drastic decrease in fishing
. pressure, the siream bounced back to the same population density
observed in the virgin, unfished waters examined far above the village
last year. The estimate this year was 1182 trout/im over two years

of age with 95 % confidence limits of + 558 trout/km.
LOWER SHAHRASTANAK RIVER

Our population estimate this year on the lower Shahrastangk
vas 420/km with 95% confidence limits of + 399 trout/lkm. This estimate
is similar to those from the two previous years. However, this year

the O+ age class made up L43% of the population. If this age class were




not in2juded in. the estimate, the population would probably be nmore
on the order of 250/km with the two and three Year old. age classes
comprising about 50% and 35% of the populations respectively, Thls
indicates that the population is at lower densities than any tlme

in the past three years; however, we bglleve this is due primarily
_to the severe flooding of the Shahrastanak river in Ordibehesht andd
Khordad this past spring. The population in the upper Shahrastanak
is about LO% lower than the past two years as well and the fishing

pressure there was virtually nonexistent this past summer,

-UPPER SHAHRASTANAK RIVER

The population estimafe here this year was €05 trout/km_over~

tvo vears of age with 95 % confidence limits of #.359 trout/km, or

" about a 40%_decrease cver the past two years. As stated above, wve
believe thi;'decrease,was due entirely to severe flooding of the
Shahrastanak river this past spring, and not due to excessive
fishing pressuré. License sales on the Karadj river above the dam
this year have not increased at all. If anything they have decreased,
and our game guards report that.thereswa9451most no fishing pressure

on the Shahrastanak river this year.

DISCUSSIQN

ThevdiscussiOn secticn of the report this year will be
tich less in depth than last year. Most points made last year in the
discussion section are every bit as valid now as they were then. A
brief analysis of the datgdpreseﬁted in the Tables and Flgures of
the Appendix , xhlle major points will be emphasized, Many recommendations
concerning trout management made over the past three years have still
gone unheeded, despite OVERWHELMING evidence that these recommendations
should be immediately=implemented. We hope that the recommendations made

in this report will be implemented in total in the 1355 fishing season. .




As discussed previously, Tables One and Three in the Appendix
show that for a given year, male and female brown trout are apProxXine
ately the same lengths and weights for a given age class. This holds
for all areas investigated to date. Examination of the data presented
by NEHRING (1352, 1353) also show the same relationship in past years.
However, examination of NEHRING'S (IBID) data from past years reveal
statistically significant differences in growth rates for the same
age class. of troﬁt between years. This data_is presented in Tables
Five, Six, and Seven in the Appendix.

- In Table Five, data is presented showing that 2,3, and 4 year
old age classes of brown trout from the Lar river populations are
statistically significantly smaller than those same age classes from

1353 at P = 0,01, Two year old trout are 2.1 cm shorter than last

year, three year old trout are 3.2 cm shorter than last year, and four

year old trout are 3 cm shorter than last year.This~ﬁeans that fbr
some reason, the trout in the Lar valley this year did not grow as
well as last year. ¥Why? The only explanation to offer is that the
very cold iate spring with heavy rains and snows in the Elborz
mountains delayed the warming of the waters in the Lar river by
about 30 to 45 days in comparison with a "normal' or average year.
This colder water in turn cut 30 - 45 days off the normal growing
season of the trout in the Lar river, resulting in a much shorter
trout in all age classes of the population.

Table Six reveals tha# three and four year old trout from‘
1352 were also sfatistically significantly shorter than the same year
classes from 1353. Thus, it might be proper to assume that 1353 was
an unusually GOOD year for trout in the Lér river valley. However,
comparison of 1354 age classes with 1352 age classes shows that two
and three year old trout from this year% population were also stat-
ASticallly significantly smaller than the same age classes of trout
from 1352. Thus, finally, we can assume that 1354 was indeed the
poorest growing season for trout in the Lar valley during the past

three years this study has been going on.
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What then are the real causes for drastic fluctuations in both
growth rates and population densities of the trout populations in the
Lar river system? The reasons are mary and very compleX and we can
only hypothesize as to what the true situation 1S Nonetheless, analysis
of the Lar situation, together with and in the light of research findings
on trout populations all across North America, begin to give us some
indication as to what the problem is. NEHRING (IBID) alluded to some
of these answers in his report on the Lar rivef last year.

SHETTER and ALEXANDER (1970) found no drastic fluctuations in
‘either population levels or growth rates in their seven year study of
the brook and brown trout populations of the Ausable river that could
be contributed to natural causes, KLEIN (1974) in his eleven year
study of ¥ime rainbow and brown trout populations found no significant
differences in either poéulation densities or growth rates of either
rainbow or brown trout in the Poudre River of Colorado, despite’

management attempts to increase the growth rate and survival of

rainbow troutrthrough special harvest regulations. In contrast, the

trout population in the Lar exhibits wild fluctuations in both
growth rates and population densities from one year to the next. The
reasons can be best explained by the catch-all phrase , "differences
in habitat".

Six or seven items readily come to mind when the trout manager

hears the words'proper habitat'. First , ALL age classes of trout

must have an adequate food. supply. Thus, the stream must contain both
small and large food items in abundance for both small and largeftrout.
Second, all trout streams should have adequate spawning and nursery
areas to sustain natural reproduction. All trout streams must have
.adequate living space, feeding areas- holding areas, with good -
instream shelter devices such as large stones, boulders, tree stumps,
and dz=p pools. Fourth, the stream banks and stream bed should be
stable, Fifth, good Vegetative cover of the stream bank is an absolute
necessity to supplement any lack in instream‘primary-productivity.
Sixth, the physical and chemical water quality parameters must be
acceptable to allcw for mormal trout growth. Seventh, the presence of

predators (large fish, fish-eating raptors, mergansers, water shrews,




and the like) as controls on excessive natural reproduction by the
trout is also a integral part of healthy trout habitat. If the better
trout streams in western Europe and North America were given a rating
of 1 when any one of the above items was present and O ;hen not present
over most of the stream, I sgbmit that the better trout streams would
have at least 5 to 7 points. Poorer trout streams would rank lower,

The Lar river would rate a dismal 1 on this rating scale, possessing
only adequate spawning habitat and nursery areas. And this factor it
has in GREAT ABUNDANCE, which in the final analysis actually exacerbates
the situation. With all of the other factors flagrantly missing,
excellent recruitment of young of the year cohorts year after year only

intensifies intra-specific competition, resulting in earlier sexual

maturity in the population and stunting from grossly inadequate food

supplies.

I think it appropriate to include sonme of Dr; Robert Behnke's
( a former and I hope future foreign advisor with this Department in
Fisheries) comments in a recent letter from him. The remarks fit the
Lar situatfon very well, and he has more than 20 years experience in

the field of fishery management.

Dr. Behnke's comments:'" ——— a report detailing and documenting
the biological basis for fishery regulations -~ when, where, and why
they will or will not produce the désired results. The gist seems to
be essentially how the production and biomass is distributed among the
age classes and if the entire population is exploiting a common food
resource {(intraspecific competition among all age groups). In such
situations , the overwhelming majority of the production is-tied up
in the 0 and I age groups (Sub catchables) and any manipulation of the
older age groups has virtually no influence on the overall population
dynamics in producing more or fewer large trout— stockpiling is not
possible. to

"Yet, protective regulations do indeed seem & work with cut-
throat trout in Yellowstone River and in large rivers in Idaho. Here,
I believe the early life history of the populations are geographically
removed from the adults ( in small tributaries) and intraspecific
corpetition among age groups is lessened. Also the age structure
includes many IV - VII fish, which combined with good growth rates
and high angler vulnerability allows a build up of protected size
groups and a high quality trophy fishery- high catch-per-man-hour."




I heartily endorse Dr. Behnke'!s comments. The situation he
describes in the first paragraph fits the condition of the population

in the Lar river exactly. ; )

Extraction of a few facts and figures from the Cheshmeh Do Barare
and Cheshmeh Siah population estimations over the past three years and
synthesis into an organized table will serve to illuminate what happsns

to the trout populations in the Lar river, IRREGARDLESS of whether fishing

is permitted or notl!! This data will be presented below in context as
it is too important to be buried in the appendix where the administrative
officials responsible for regulation setting cannot find it or understand

the data,if it can be found.

TABLE I. LOSSES TO NATURAL MORTALITY IN LAR RIVER TROUT POPULATION:T.

LOCATION = YEAR " NUMBER OF TROUT PERCENT Loss/sf;.xm
CHESHMEH DO 1352 :

BARARE : ; 1353 a : 85% 1LOSS !
CHESHMEH | | ' b

DO BARARE

CHESHMEH
DO BARARE
CHESHMEH SIAH

CHESHMEH SIAH
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These facts and figures speak for themselves. Mother Nature
brings the povulation into balance with vhat the carrying capacity
of the river'is,virregardless of whether-or not the river is managed,
irregardless of whether or not fishing is allowed. IT IS IMPOSSIBLE
TO STOCKPILE TROUT!!!

we gat
Translating the loss figures from the preceding bagesy A vhat

would have bean HARVESTABLE surpluses that should have reached the

fishermants creel; Also keep in mind that these figures are for EACH

kilometer of stream! During the summer of 1353 a harvestable surplus
of 271 trout/km ever 2L cm in length were lost to natural mortality

at Cheshmeh Do Barare. During the summer of 1353,1155 trout/km from

17 to 2L cm in length were lost to natural mortality. Another large
harvestable surplus lost forever! In the summer of.1354 a harvestable
surplus of 620 trout/km in excess of 2L cm length was lost to natural
wortality. Why? Because fishing is not allowed in this s ream. Similar
figures cén be presented for Cheshmsh Siah, or any one of the Lar
tributaries and the Lar river itself.

As described previously in the results section of this Heport,
the Cheshmeh Do Barare population is presently at 500% density over
and above vhat it was in 1352. The trout at the spring are severely
deformed due to a disease probably known as gas embolism about which
ve can do nothing. However, as was also stated in the results section,
this normally inoccuous disease can give way to secondary bacterial
and fungal diseases which can devastate trout populations where they
occur in very high densities under a stressful environment. This is
exactly the situation we already have in the Lar river, and in fact

it may already be too late. However, we can hope that it is not and
V that we will have the opportunity to reduce the population above
Kamardasht next year by opening it up to sport fishing. However, it
is quite possible that the population will be brought into line with
the carrying capacity by the bacterial and fungal diseases as
secondary invasions after the gas embolism phenomenon has run its

course on the population at Cheshmeh Do Barare.




Comparison of the statistical data presented in Table Four

in checking for bias in our electroshocking we find many more instances
of statistical bias this year as compared to last year’s data (Nehring,
1974). This is normal, though paradoxical, as our data from this Year is
the most reliable that we have collected in the three years of the study.
As our data becomes more reliable and accurate, the confidence limits

on the data become very narrow. When subjected to statistical aﬁalysis
wore incidences of statistical significance occur. This is not to be

totally disregarded, nor treated with great vorry either. The population

estimates are still reliable, only the percentage composition that each

age class contributes to the population changes. Electroshocking always
is more effective on lérger fish. Smaller fish are more readily missed.
The mathematical formila used to calculate the population estimation
is such that by missing a large amount of the smaller fish and younger
age class trout, our estimates are overestimating the younger year classes:
and underestimating the older year classes. What this means is that there
should be s;me minor changes in the breakdown of each individual population
into the various parcentages attributed to each age class, where
statistically significant bias is revealed. However, in virtually all
cases this would mean a change of but a few percentage points from
one age class to another, and it is not all that important.

It cannot bé-empﬁasized enough that Shetter and Alexander'(1970)
and Klein (197%) found no significant changes in the trout populations
of the Au- Sable and Cache la Poudre'rivgrs, respectively, either in
population densities or growth rates of the trout over a periéd of
study spanning many years. Conversely, in the Lar river we find gross
fluctuations both in population densities and growth rates from one year
to the next. Kinunen (1573} also alluded to this phenomenon in his
studies of the>Lar. I belicve the reason is the total lack of "environ-
mental buffering" present ih the habitat in the Lar.valley. As stated
previously, there are about seven factors that must be included in the

total habitat requirements of any trout stream or trout population.




VWhen most of these factors are present in adequate or 7very ddundantr
amounts, I hypothesize, that one factor can compensate for the absence

of anothar, ThusQ when an extremely cold summer causes water temperatures

to remain cold throughout the season in the Cache la Poudre river in Colorado

( a fact documented by Klein, ibid ) no differences are seen in the growth

~ rate of the trout or in trout population density. Why? Because other

: .~ environmental factor "buffer" these potential negatives effects through

compensation. However, this "environmental buffering” or compensation
can only occur when all or most of the seven factors described above
are present in adequate or near adequate amounts., When virtually all

factors are flagrantly absent from a stream such as they are in the Lar

( with the obvious exception of fantastic spawning habitat and nurue"y

areas) then there is nothing to compensate for an unusually cold
spring and cold water temperatures. So what happens is that the trout
growth is éignificantly reduced from the previous year when the water
temperatures were normal. Admittedly, this hypothesis obviously lacks
concrete data to support it; nonetheless, I feel it bears considerablyz
validity.

Reduction of the Cheshmeh Do Barare population to standing crop
basis based on area provides a final example of the absurdity of present
fishing regulations in the Lar river valley. At Cheshmeh Do Barare we
found a population of 11,380 trout/km two years of age and over. The
average width of the stream is less than 5 meters; however, for ease
of.calculation we shall assume this figure to be correct, though it

-

is admittedly conservative, That means the population is 11,380/5000 n2
or 22,760/ hectare ( 10,000 n = hectare)l! That is a standing crop
22 times as dense as we would have at Neur Lake assuming 100% surviwval
of all trout stocked in 1353. Assuming a 50% mortality until now we
find the standing crop at Cheshmeh Do Barare is at least 4L times as

dense per unit area as we now have in Neur Lake. Perhaps some reduction

in the population at Cheshmeh Do Barare is called for, perhaps?




CONCLUSIONS

N AT A

1) KLEIN(1974) has found that "stockpiling" of trout has yet to be
substantiated in any scientific study. Death through natural mortality
is relentless. Size limits and closed areas do nothing to enhance trout
size. Behnke (personal commmication) concurs in this analysis. I agree
that restrictive management regulations will do little if anything to
change the population age structure or fish size in the Lar valley;
however, to allow stretchs of stream to continue closed to fishing as

we have until this year is UTTERLY ABSURD.

2) Growth of the Lar river trout was statistically significantly less
than last-year among all age classes of trout in the Lar river. This
vas due primarily to the late spring, cold weather, and snows that
extended th;‘cold water ( less than 10 C ) period in the Lar river by

30 - L5 days. With more than a month cut off their growing season and

a lack of "environmerntal buffering" to act as compensation, the trout

grew 2 - 3 cm less this year than last year.

3) Trout populations as we find them in the Ab Kharsang, Gahaar river,
Ligvanchai river, Shahrastanak river, and possibly the Alarm are
relatively healthy populations, IN BALANCE with their environment.
They do not fluctuate=greatly‘in-populaiion density from one year to
the nékt,.most surely not differences IN ORDER OF MAGNITUDE, as we see
at Chehsmeh Do Barare,

L) Excessive population densities as we have at Cheshmeh Do Barare in
excessively poor habitat cannot be sustained. Mother nature will reap
her toll through predation, cannabilism, or dis=aze. Natural mortality

is relentless,
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RECOMMENDATIONS

1) All tributaries of the Lar river (Alarm, Siahpalas,’Ab-e=Sefid, Deli
chai, Cheshmeh Siah, Sefid Ab, and Cheshmeh Do Barare) should be opened
to public fishing in 1355. This applies particularly to Cheshmeh Do

Barare, all the way from Kamardasht upstream to Cheshmeh Do Barare. If

not , this population could very well suffer massive mortality from

losses to diseases like fin rot and fungal infections due to the bacteria

Saprolegnia sp.

2) We recommend a continuation of the 25 trout per day bag limit through

1355 on the main Lar and all tributaries,

3) The fishing season should open on 1 Kho-dad and remain open through
30 Mehr 1355. ‘ :

L) I recommend a Fly Fishing Club to be organized under the auépices of
the Department and fishing allowed on special streams open only to Club
Members. Streams open to the club would include the Ab Khaysang,
Varang-e~rud, and Ligvanchai. Bag limits would be two trout per day,
although as many fish as possible could be caught and returned to the
stream unharmed. Howeyer, this regulation need not apply to the
Ligvanchai. There the limit could remain at 25 trout/day as fishing
pressure has been very light there the past two seasons ( about 60
licenses during 1353 and again in 1354). Licensa fees for the club
would be 5000 ~ 7000 rials per year to fish on any or all of the thres
streams outlined above. Any fisherman caught with more than two trout
in his poasession would be fined according to the Fishing Laws of this
Department and bannad from trout fishing anywhere in Iran for a period
of one calendar year (12 months consecutive). It is high time the concept
of "FISHING FOR FUN" and CATCH AND RELEASE. fishing be introduced to

the Iranian sport fishing public that is ready to accept the idea.

S A




TABLE ONE. BIOMETRIC DATA FROM LAR RIVER & TRIBUTARIES (CENTRAL PROVINCE)
& LIGVANCHAT RIVER {EAST AZARBAYJAN PROVINCE) SHATERIVAR 1354

2] LAR RIVER _
AGE (YR) SEX X LENGTE (CM) RANGE (CM) N X WEIGHT (G) RANGE (G)

o+ (1) MM 6 4L - 8 o
1+ (2) M 12,4 11 - 14 23,0 15 - 30
I+ (2) F 16.0 13 - 17 15.0 20 ~ 60
i ) S 21,2 16 - 26 106.5 50 - 190
2+ (3) F 21,8 16 - 24 103.8 50 - 170
3+ (&) : 26.8 2y - 30 21745 170~ 310
B (n) 25,0, 23 - 27 158.8 125- 200
e (5) 29,7 27343 240 -320
1l g S 350 o SRR M 0o

_ LIGVANCHAI RIVER

o+ (1) Im 6 K-8 ! ; MBS )
1+ (2) IMM(M)  11.8 11 =13 : 10 ~ 15

1+ (2) M 15.8 150 580 20 - 60

B (2)  DM(F)  14.8 % -~ 16 20 - 50
Seitzyrl o we 22,0 17426 50 - 210
2+ (3) F 217 tg 20 | ol iaes

" TABLE TWO. POPULATION ESTIMATIONS; LAR, KARADJ. & LIGVANCHAI RIVERS,
: SHAHRIVAR 1354,

LOCATION : Esrzmﬁox (x21) 95% CONFIDENCE LIMITS (KM)
AB KHARSANG (LAR). ag10. & a8k
AB=E=SEFID. (LAR) NO ESTIMATE ( RECAPTURE RATE TOO SMALL)
ALARM  (LAR) 751 248

Cheshmeh DO BARARE(LAR) 11,380 1576

Cheshmeh SIAH (LAR) 1705 L1

SIAHPALAS (LAR) 2436 372

GAJEREH (KARADJ) 488 503

LOWER SHAHRASTANAK(KARADI)L20 399

UPPER SHAHRASTANAX(KARADJ)&05 359
VARANG=E=RUD (KARADJ) 1182 558

216

1+ 1+ 1+ I+ 1+ I+ 14+ R+

LIGVANCHAY RIVER 1246

A1+




5) The Karadj river and its.tributaries should be open to trout fishing
from 1 Khordad through 30 Shahrivar 1335 with the exception of the
Varang-e-rud. If the Fly Fishing Club is instituted as described in item
4 above, then the Varané-e~rud should be closed to fishing except for
members of the Fly Fishing Club., If the Club is not initiated as described
above then the Varang-e-rud should be open to public fishing along with

all other tributaries of the Karadj.

6) The bag limit on the Karadj and its tributaries should be 25 trout/day

as it was this year.

7) The Ligvanchai should be open to public fishing from 1 Khordad through
30 Shahrivar 1355 with a 25 trout/day bag limit.

8) License fees on all streams covered by this report should be 300 rials
per day. This will mean a 200 rial per day reduction on the Lar and

Karadj rivers. However, I believe it will result in an increase in total
license revenuas for the Department as many more psoplée will be williﬁg

to purchase a license at the reduced price, actually bringing in an increase

in revenues,




TABLE THREE. BICMETRIC DATA ON BROWN TROUT POPULATIONS IN LAR, KARADJ,
& LIGVANCHAI RIVERS (SHAHRIVAR 1354). (SEE NOTE BELOW **)

SN Y OGATTON
AGE (YR) AVERAGE LENGTH (CM) RANGE (1)
AB KHARSANG
1+(2) 11.15 9 - 1k
a.:(3) 18.36 15 = 21
3+ (&) 2k.00 22 - 27
L+(5) 28.90 28 ~ 30
: AB-E-SEFID
1+(2) : 12,148 16
2ekiz) 7 21,00
Bt~ : . 30.00
ALARM
1el2) 12,95
2+(3) il 19.35
3+{4) P e D00
L+(5) 32.00
' : CHESHM:H DO BARARE
0+{1) s e T
1+(2) ¢ 1858 0 10
2+(3) 17.83 15
3+{4&) : 25%.50 . Ll 23
Lv(5) - - Daionues 0 T 29
A : CHESHMEH STAH
0+(1) 7.0 6
dutale o B L 12 3 9 - 15
2+(3) ‘ bo1g00g : ' 16 - 23
3+(L) : Lo ok =58
L+ (5) i Y ogle 31550 29 = 3k
STAHPALAS
1+(2) Loo 12,54 9 -~ 16
2+(3) 79 19.06 iy s 08

NOTE**: THE AGE CLASS BREAKDOWNS IN THIS TABLE ARE BASED BOTH UPON AGE=-
SCALE ANALYSES AND IENGTH-FREQUENCY DISTRIBUTION DIVISIONS




TABLE THREE (CONT). BICMETRIC DATA ON BROWN TROUT POPULATIONS IN LAR,
KARADJ, & LIGVANCHAI RIVERS (SHAHRIVAR 1354) NOTE BELOW®*

LOCATION 4
AGE(YR) . AVERAGE LENGTH (CM) RANGE (CM)

GAJEZS H
1+(2) 12.33 10 - 16
2+(3) 18,92 17 = 2A
3+(4) 27.00
LIGYANCHAI
1+(2) 14,15
2+(3)

0+(1) 6w 8
1+(2) : - 9= 16
2+(3) 17 ~ 22
3+ (L) : 25 -~ 28
UPPER SHAHRASTANAK _
1 50k 9 = 16.
. 2+(3) : 19.035 " 17 - 23
3+(&) 25,33 : 2k - 27
' VARANG=E-RUD ;
1+(2) 12,61 9 - 16
2+(3) Lo 18.85 A7 e 23

NOTE**: THE AGE CLASS BREAKDOWN IN THIS TABLE ARE BASED UFPON AGE=SCALE
ANALYSES AND THE LENGTH~FREQUENCY DISTRIBUTION DIVISIONS WITHIN
EACH RIVER POPULATION.




TABLE FOUR. OVERALL POPULATION AGE=CLASS STRUCTURE WITH 95% CONFIDENCE LIMITS AS COMPARED TO ‘AGE~CLASS
STRUCTURE BETIWEEN FIRST AND SECOND SI‘IOCKINGS AND RECAPTURE BY AGE~CLASS ON SECOHL SHOCKs
% RECAPTURE IN EACH AGE=CLASS ON SECOND SHOCK WITHIN EACH POPULATION AS COMPARED TO OVERALL
AVERAGE RATE OF RECAPTURE FOR THE POPULATION WITH 95% CONFIDENCE LIMIT% :

AGE(YR) % N/JAGE 95 % 1ST 2ND RECAPTURE % RECAPTURE  AVERAGE 95%
CLASS CONFIDENCE SHOCK = SHOCK  BY AGE ~ IN [EACH  RATE oF CONFIDENCE
LIMITS ' CLASS ' . AGE CLASS  RECAPTURE LIMITS

AB KHARSANG j _
1+(2) 0.4942  40.0472 0.4379*  0.6099* 002589* 0.2283%* 0.3862 5 0.0560
2+(3) 0.3063  +0.0435 043345  0.2482* 0,4196% 0,4845%» : il
3+(4) 0.1763 “ +0.0360 042035  0,1206%  0.2946* © 0.5593%% ! "

L+ (5) 0.0232  +0,0142 0.0241  0.,0213  0.0268 = 0,4286*» '

AB-LwSEFID ’ i

1+(2) 0.8545 ' +0,0932 0.8718 0.8125

2+(3) 0.1273 +0,0881 0.1282 = 0.1250

3+(4) 0.0182  +0.0353 0.0000  0.0625

ALARM g ;

1+(2) . 0.6429 40,0627 0.6284 0.6710 - 0.4815* - 0.1398

2+(3) 0.2046  +0.0597 0.2905  0.3026  0.4h4h4* 0279144

34(%) 0.0536  +0.0295 0.0743  0.0132%  0.0741 0.1818 -

44 (5) 0.0089 40,0123  0.,0068  0.0132  0.0000 0.0000%

CHESHMEH DO BARARE : i i

0+(1) 0.0188) 40,0063  0,0071%  0,0059*  mmemame R

1+(2) 0.3309 40,0217 0.3195 0.3828* 0.2635* 0, 121944

2+(3) 05909 40,0227 0.6177% 0.5920  0,6766* 0.1619

3+(4) 0.0571  +0.0107 040531 . 0.0178% “0.0530 ..~ 0,1500

l+(5) 0.0022  #0.0022 0.0027.  0.0015  .0.0060 0433334

NOTESt 1 Does not imply actual composition of the total population
% Statistically significantly different from % uY/AGu, CLASS at P = 0,05
*#% Statistically significantly different frem average rate of recapture for total population at P=0,05




TABLE FOUR (CONT.). OVERALL PORPULATION AGE~CLASS STRUCTURE WITH 95 % CONFIDENCE LIMITS AS COMPARED TO AGE
- CLASS STRUCTURE BETWEEN FIRST AND SECOND SHOCKINGS AND RECAPTURE BY AGE~CLASS ON SECOND SHOCK:
%) RECAPTURE IN EACH AGE-CLASS ON THE SECOND SHOCK WITHIN EACH POPULATION AS COMPARED TO OVERALL

AVERAGE RATE OF RECAPTURE FOR THE POPULATION WITH 95 % CONFIDENCE LIMITS.,
1ST SND RECAPIURE % RECAPIURE — AVERAGE 95 @
D / A 4 5
AGE(YR) % N/AGE 95 % SHOCK SHOCK BY AGE  IN  EACH RATE OF CONFIDENCE

¥ 1 ‘
CLASS CoﬁgéggECE CLASS AGE CLASS RECAPTURE LIMITS

CHESHMEH SIAH
0+(1) 0.0330"  +0.0201 S
1+(2) 043993 40,0551 0.4312  0.407% 0,250 041064 + 0,049
2+(3) 04851 ﬁb.0563 0.4771  0.5309  0.6000* 0.2308** 4

3+ (k) 0.0759  +0.0298 0.0917 0.0L9%  0.1500% 00 3000%* I

L+ (5) 0.0066  +0.0091  0.0000 0.0123  0.0000 0.0000* * 1L o gy
STAHPALAS ‘

1+(2) 0.8351  +0.0332 0.8138 0.8923* 0,7857¢ 0.2711 + 0.0471
2+(3) 0.1649  +0.0332 0.1863 0.1077* 0.2143* o b il "
LIGVANCHAI : . S

1+(2)  0,718: 40,0503 0.6837 0.7636 ~ 0.4828* 0.2857** + 0,0669
2+(3) 0.2816  +0.0503  0.3163 0.236k 0.5172%  0,6618%+ n
GAJEREH | .

1+(2) 0.4706  +0.1370 0.5385 0.7500* 0.3333*  0,0476 + 0.0836
2+(3) 0.5098  +0.1372 0.4359  0.2500* 0.3333*  0.0588 "

3+ (k) 0.0196  +0.0380 0.0256  0.,0000 0.3333%  1,0000%* , .74
VARANG=E~RUD :

1+(2) 0.7403  +0.0693 0.6962 0.7867 0.6667*  0.1818 . 0.1899

2+(3) 0.2597  #0.0693  0.3038  0.2133 ' 0.3333*  0,2083 e

NOTES: 1 Does not imply actual composition of the total population
*  Statistically significantly different from % N/AGE CLASS at P = 0.05
** Statistically significantly different from average recapture rate for the total population at P=0.05

.




TABLE FOUR (CONT). OVERALL POPULATION AGE=CLASS STRUCTURE WITI
CLASS STRUCTURE BETWEEN FIRST AND SECOND SHOCKINGS

1 95% CONFIDENCE LIMNITS AS COMPARED TO AGE=
AND RECAPTURE BY AGE=CLASS ON SECOND SHOCK§

% RECAPTURE IN ZACH AGE = CLASS ON THE SECOND SHOCK WITHIN EACH POPULATION AS COMPARED TO
OVERALL AVERAGE RATE OF RECAPTURE FOR THE PCPULATION WITH 95 % CONFIDENCE LIMITS.

% N/AGE

95%

18T

'2ND

RECAPTURE .

% RECAPTURE

AVERAGE

95 %
CONFIDENCE

SHOCK BY AGE IN EACH
CLASS ~AGE CLASS -

RATE OF
RECAPTURE

CONFIDENCE  SHOCK

LIMITS

CLASS
LIMITS

A

LOWER SHAHRASTANAK

0+(1)
1+(2)
2+(3)
3+ (&)

UPPER SHAHRASTANAK

1+(2)
2+(3)
3+(4)

0.4231
0.2962
0.2308
0.0769

0.6038
0.3679
0.0283

4061343
30.1206
iO.iiQS
:0.0724

:000931

Ooiit7h
0.2632
0.2368
0.0526

0.5385
0. k23
0.0192

03571

0.2857
0.2143
0.1429

0.6667%

02963

0.0370

'0. 1000*

3, 9000*

- 0.0000

| 0.0357%%

0.3913%#
0.,0000%%

O. 1‘923
.‘ iR

gt

: Oe 1071

1]

t

NOTES: 1
' »

A4

Does not imply actual composition of the total populdtion
Statistically significantly different from % N/ AGE CLASS at P = 0.05

at P = 0.05.

‘Statistically significantly different from average fecdpture rate for the fbtal pépulation




TABLE FIVE. STATISTICAL EVALUATION OF AVERAGE LENGTHS OF LAR RIVER
BROWN TROUT BY AGE CLASS BETWEEN 1354 AND 1353.

YEAR CLASS N AVERAGE LENGTH  AVERAGE LENGTH T= 0.995 ACTUAL
1354 ; 1853 T VALUE

2 (g i 18.76 cm 21.95 cm :4.604 -11.106 *
3+(L) 2L.L5 cm 27.30 cm 15.841 ~15.143 *

NOTE: (*) STATISTICALLY SIGNIFICANT AT P LESS THAN 0.01

TABLE. SIX., STATISTICAL EVALUATION OF AVERAGE LENGTHS OF LAR RIVER
BROWN TROUT BY AGE CLASS BETWEEN 1353 AND 1352.

YEAR CLASS N AVERAGE LENGTH = AVZERAGE LENGTH L ACTUAL
1352 1353 T VALUE

il

1+(2) 5 : | 14;40 i . 14.56 cm ‘i2.776(.975) - Qqéi}é:;iif7

2+(3) 5 19.88 cm 21.95 cm  +£.604(.995) = 5.846*
3+ (L&) 5 2L,10 cnm ' 27.30 cm i4.604(.995) ~ 9,L37*

NOTE: (*) STATISTICALLY SIGNIFICANT AT P LESS THAN 0.01

TABLE SEVEN, STATISTICAL EVALUATION OF AVERAGE LENGTHS OF LAR RIVER
BROWN TROUT BY AGE CLASS BETWEEN 1354 AND 1352,

YEAR CLASS N AVERAGE LENGTH AVERAGE LENGTH T ACTUAL
1354 1352 T VALUE

1+(2) o L oo :4.032(.995)' ~ 8.580 *
2+(3) 5 18.76 cm 19.88 cm - - +3.747(.990) -~ 3.899 **
B+ (L) L 2L .45 cm 2%,10 cnm :3.182(.975) 10865

NOTE: (*) STATISTICALLY SIGNIFIéANT AT P LESS THAN 0.01
(**) STATISTICALLY SIGNIFICANT AT P LESS THAN 0.02




TABLE EIGHT. COMPARISON CF BROWN TROUT POPULATION ESTIMATIONS FROM THE
LAR, KARARJ, & LIGVANCHAI RIVERS FROM YEARS 1352, 1353, & 135k

LOCATION , i 1352 95 % C.L. 1353 95 % C.L. 1354

AB KHARSANG - 750 276 1310
AB =~ E . SEFID 130

ALARM 766
CHESHMEH DO BARARE 2803

+
-3
N

233k 1017 751
7465

I+ 3+ 3

_ 1127 11,380
2520 743 1705
2542 945 2436

CHESHMEH SIAH 2194
SIAH PALAS 726

1+ 3+
14 1+ 14

KARADJ TRIBUTARIES
1026(*) + 846 1182
e (3) 488
683 430 L20o
1056 kLo 605
LIGVANCHAI ( AZARBAYJAN)
LIGVANCHAI 622 + 178 1246 (=) + 216

VARANG - E = RUD
GAJEREH

LOWER SHAHRASTANAK
UPPER SHAHRASTANAK

503
294
259

1+ 1+ 34+ 3+
I+ I+ 3+ 14

*
e
+
e

NOTES: (*) ESTIMATE IN THIS YEAR (*) WAS TAKEN AT A LOCATION FURTHER UPSTREAM
FROM THE PREVIOUS YEAR.

*
(*) ESTIMATE IN 1353 NOT COMPLETZD BUT UNDOUBTEDLY LESS THAN 1352.

(**)ESTINATES FROM’ 1352 AND 1354 ARE DIRECTLY COMPARABLE AS THEY
WERE COMPLETED AT SAME LOCATION, BUT IN 1354 FISHING PRESSURE
WAS NONEZEXISTENT DUE TO ABSENCE OF IRAN SAFARIS CAMP,




3

TABLE NINE. COMPARISON OF POPULATION AGE CLASS STRUCTURE BETWEEN YEARS
1352, 1353, & 1354.

LOCATION & AGE (YRS) , 1353 1354

AB-E=SEFID
Lietaany i ioi0sle
L 0.0000 7. | o.1273
0.0509 \. " 0.0182
0.0000 )

0.2880
0.5360
0.1200
0.0480
0.0800

0.6161
0. 3080 &
RS LS0.7 650 LA

0.0000
CHESHMEH DC BARARE

10,2223
0.6799
~ 0.0858
0.0066
© 0.00k9
CHESHMEH SIAH W

Quisasiie
_ 0.4851

01903 2 o &0k
o RN EEE ¢ e vl

eotik Lo 006
0.0045 0.0000




TABLE NINE (CONTINUED). COMPARISON OF POPULATION AGE CLASS STRUCTURS
BETWEEN YEARS 1352, 1353, & 135k,

LOCATION & AGE {(YRS)

1352

STAHPALAS

2

3
b
VARANG-E-RUD

2

3
L

6,4318/

3 QlBES [

0.0%09 \_

0.0228

022600 |

0.4800

0.0600

9.5135

Q2595
0.0270

LOWER SHAHRASTANAX(Fishing Permitted)

0.5128
o.38§61
0.1026

0.0000

0.0000
*
0.0000 " -

0.3158

Whi‘mw9o5789;hm

e Oe 1007

oy

. 0.0000

}\xo,3678,
~0.0920
__0.CCC0

(00115
*
0.0000

i

UPPER SHAHRASTANAK (Fishing NOT Permitted)

2

3

5

LIGVANCHAL
2

3
ke

NOTE(*): Does not imply 1 yr age class does not exist, only no
included in the estimate. i

04350
660566 !
0.0000 !

0.7000

0.1062

e
N,

0.1938

 0.0057
0.7059

__0.0392

. Og6067 . - |
Ll 0.33930

0-7429 .
Nioearn i
0.0343

ais

0.5231

0.6038

R
' 0.0283
0.0000

0.718%4

1. 0.2816
2 o. e i
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NZUR LAKE AMPHIPOD POPULATION DYNAMICS & ECOLOGY IN THE PRESENCE
AND ABSENCE OF PREDATION BY RAINBOW TROUT

ABSTRACT

Detailed studies of the population density and structure through=
out the spring, summer, and fall months of 1975 (1354) were completed. The
population ( Gammarus fasciatus) produced three generations of young
during the period of the study when the population was subjected to
intensive predation by rainbow trout. In contrast, the marsh population
immediately adjacent to the main lake population produced only ona
generation during the period of the study ( in the absence of predation

by the trout).

A negative correlation was established between amphipod density
and depth of the water, i.e., as depth increases amphipod density
decreases. Although not significant at p = 0.05, all analyses were
significant at p = 0.20 to p = 0.10., Amphipod population density was
definitely correlated with better habitat and aquatic vegetation. In
five of nine instances statistically significant differences were
found between the amphipod populations on the west side of Neur Lake
{ leeward, absence of aquatic vegetation ) and the east side population
{ windward, abundant aquatic vegetation ) at p = 0.05 or less. In threa
of the remaining instances the level of significance was px= 0.2 to
p = 0.10., In only one instance was the west side population more dense
than the east side population.

Predation by the trout on the amphipod population had no negative
effect on the amphipod population when comparad with data collected
during 1974 ( 1353 ) at similar time periods. Predation by the trout
was restricted to the adult and sub-adult ( immatures approaching sexual
maturity) portions of the amphipod population.

It is recommended that detailed studies of the trout-amphipod
(predator-prey) relationship be continued in 1355 ( 1975) on an intensive
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INTRODUCTION

This study had one primary purpose: to evaluate the population
dynamics and ecology of the Neur Lake amphipod population and determine
what effect ( if any ) predation by rainbow trout has had on that
amphipod population,

To accomplish this program a very ambitious sampling program was

set up and carried out on a two week basis throughout the spring,; summer,

and fall months of 1354 (1975). This sampling program included an

estimation of the amphipod population density on a bi~weekly basis,
based on intensive sampling at fourteen stations in the main lake, with
two substations set up at each of the 14 main stations. It also entailed
collection of ten trout stomach samples on a bi-weekly basis corresponding
to each period when a population estimation was carrieé out., This permitted
a direct comparison of the actual population composition ( from the lake
substrate samples) with the sagment of the amphipod population making
up the food resource of the trout,

All samples were picked over and preserved on site at the laks
and then forwarded by mail to Tehran for detailed analysis and examination
under a binocular microscope in our laboratory. All amphipods were aged
( or classified ) by antenna segment count and from this data the population
structure could be discernad. Also, the amphipods were examined for egg
pouches throughout the sample period which indicates the onset of natural
reproduction. When an adequate sample was available,; fecundity and brood

size ( by inference ) was determined.




METHODS

Sample stations were set up this year as described by Boettcher,
1353 ( 1974) with a few minor modifications and additions. Fourteen
sample stations were retained , but two substations were set up at gach
station. Substations "A" were located in water apmroximately one meter
depth and substations "B" were located in water 2 or more meters in depth.
Ten core samples were taken at each of the substations in the main lake
for a total of 280 core samples during each sample period. In additéon,
five sample stations were set up in the mordab (marsh) at the north end
of the lake in order to compare the marsh population ( where no trout
predation existed ) with the main lake population ( whare intense predaw
tion on the amphipod population was orfrating).

The substations { A & B } were set up to evaluate the effect of
depth ( if any ) on the amphipod population density. Indications from
last year's data led us to believe that population density decreased
with increasing depth.

The core sampler was constructed such that all amphipods swimming
in the water column through which the sampler passed would be trapped
in the sampler together with the amphipods found on the suhstrate in the
core sample. The entire. time elapsed from the time the sampler entered
the water until the core sample was drawn was less than 0.5 ssconds.

With the very reduced transparency of the water in the lake, it is

virtually certain that no escapement of amphipods was possible due to

avoidance reaction induced by the sampler. The area ( cross-—sectional )
of the sampler was 50 cmz. Thus, with 10 core samples being drawn at
each substation, a total of 500 cm2 of substrate was sampled or 5 % of
a sguare meter,

Each core sample was filtered through a 460 micron mesh Tyler
sieve, This small mesh si®ve insured that no amphipod however sWa11,
would be missed by passages through the screen. Although detritus and
organic matter did present some problems in separation of the amphipods
from the core sample, it was not a severe problem. Most amphipods coculd
readily be separated from the sample as they were observed swimming

and kicking in the sample on the screen.




RESULTS

The data presented in this paper is organized as two appendices
at the back. Appendix A contains a summation of all the data that will
be discussed in this paper, or nearly so. Virtually all of the data
presanted in Appendix A is in the form of graphs and figures numbered
consecutively from one through twenty-four. The data contained in these
graphs and figures are summations of the data presented in tabular form
in Appendix B. The data presented in Appendix B contains all of the
amphipod data collected at Neur Lake during the spring, summer, and fall
of 1354 ( 1975). Many of these tables were taken from other reports
on Neur Lake written this past Year; thus, in many cases, there aras
more than one table with the same numerical designation. However,
to redue the entire Appendix B and put it into a properly organized
form with all tables presented in sequential form would hava been a
major undertaking requiring alot of time. Thus, the sole purpose of
including these data in appendix B is to insure that all data collected
over this past year are presented together in some form in one report
where the data can be easily found and recalled and eXamined, if
necessary,

Figures One through Eight in Appendix A present a graphic
comparison of the amphipod population in the lake ( as observed in the
core samples) with the segment of the amphipod population comprising
the food resource of the rainbow trout in the lake. This data covers
a period of almost six and a half months, running from 14 Ordibahesht
( & May) through 26 Mehr 1354 ( 18 October 1975). The two populations -
are presented by antenna segment counts based on a frequency of
occurrence as percent of 100 within each sample period. Laying out
these graphs in sequential form so that all of the figures can be
observed in one line readily indicates the changes in the population
structure and dynamics over the six month period. At all times during
the study the trout fed only upon the physically largest and oldest

ma.mbers of the amphipod population; however, the pressure on the

amphipod population was always in a constant state of flux. When the

population was comprised primarily of young and Juvenile amphipods

then the trout fed upon physically smaller and younger amphivnods,




Close scrutiny of the clear and black portions of Figures One
through Eight readily reveal that two definite generatidns were produced
this year. The first pulse in the population was already present by
14 Ordibehesht 1354 ( 4 May 1975) and the second was present on 2 Tir
( June 23, 1975). Numerically speaking the first pulse produced in the
spring was of much smaller magnitude and duration than the one produced
on June 23rd. Figure Twenty-four in Appendix A shows that the main lake
population remained at or less than 250 amphipods/ meterg until after
2T v 4354 (Bune 23, 1975) when natural reproduction really boomed and
the population density for the entire lake increased to more than 1000
amphipods/m2 in a two week time period,

Figures Nine through FOUrteen present a comparison of the main
lake samples with trout stomach samples from last year {1353 or 1974} .
Again , examination of the clear and black portions of the graphs
give an indication of the change in the population structure and the
population dynamics. Comparison of last year's data with this year also
reveal some significant diffe:x®fces in population structure betwsen
the two years. Last year the older p%Ftion ( 1st generation amphipods)
disappeared from the popul ation entirely by the 10th of Mordad 1353
( August 1, 197%4) whereas this year 1st generation adults remained in
the population until after 17 Shahrivar 135 ( September 8, 1975). The
possible reasons and explanations for this phenomenon will be discussed
later in the report.

Figures Fifteen through Twenty comparas the Fin lake population
with the mordabd ( marsh) population at the north end of the lake and
separated from the B2in lake by a 5 meter wide sand spit. Again, if
these figures are laid out in sequential form so that they can all be
viewved simultaneously, very profound differences in population
structure and dynamics between the two populations become apparent.
First of all, while the main lake population has produced a large
pulse of new generation amphipods by 14 Ordibehesht 1354 ( May 4, 1975);
the mordab (marsh) population has produced none at all. And while the

main lake population undergoes a period of dynamic growth up through

2 Tir 1354 ( June 23, 1975) the marsh population actually desgensrate=z.
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Figure Twenty=-four in Appendix A is a graphic representation of
the main lake amphipod population densities from 17 Ordibehesht 1354
( 7 May 1975) through 26 Mehr 1354 ( 18 October 1975). Even though
reproduction has already occurred at the time of the first samples,
the population density remains at less than 250 amphipods/ meter2
until the second generation is produced. Once this occurs, the
population density rises from about 200 amphipcds/meterz at the
"A" substations on 2 Tir 1354 ( June 23, 1975) to more than 1000/m
on 17 Tir 1354 ( July 8, 1975) a mere two weeks later. For the next

2

month the population density continues to increase to over 1500/m2

and then slowly decreases after 17 Motdad 1354 ( 8 August 1975).

The mordab (marsh) population ( Figure Twenty-four) shows
an increase in density at a much earlier time. However, examination
of figures 15 = 17 show that no change in the marsh population age
structure occurs until 2 Tir 1354 ( June 23, 1975) when the first
generation in the marsh is produced. The increase in density of the
marsh population through late May and June 1975 is a result of the
drying out and constriction of the marsh in size. As the marsh
becomes smaller and smaller, the remaining amphipods are squeezed
into a smaller and smaller space, thus the "apparent' increase in the

marsh amphipod population.
DISCUSSION

Tables Thirty-four, thirty-five, and thirty-six in Appendix
B contain statistical evaluations of the Neur Lake amphipod population
data using the T -~ test as described by Dixon and Massey(1969).
In Table Thirty-four the population densities from adjacent bi-wsekly
sampling periods are analyzed for statistically significant differences.
The only difference occurred during the two week period from 2 Tir 1354
(23 June 1975) and 17 Tir 1354 ( 8 July 1975) when the second generation

of the year was produced.




Table Thirty-five is a statistical ( T-test) analysis of the

Neur Lake amphipod density data from 1354 ( 1975) and 1353 (1974)
for statistically significant differences is densities at similar
sampling dates between the two years. The first two comparisons show .
that near statistically significant differences were present between
1975 and 197 ( 1354 & 1353) during the first two sampling periods,
with the 1975 density being mucher lower than 197. However, by . the
time the second generation was produced on 2 Tir 1354 ( June 23, 1975)
this situation had actually reversed itself and the 1975 densities
were greater than corresponding periods in 1974, Thus, we can
conclude that the trout population had no negative effect on the
amphipod population in 1975 (1354) as compared to 1974 (1353). Figure
Twenty~four is a graphic representation of this data. The four circled
"x"s on the graph are population density estimates from 1974 ( 1353 )
plotted with the density curves for 1975 (1354). It is readily apparent
that no significant difference is visible.

Table Thirty=-six contains a T = teat evaluation of ths amphipod
population for differsnces in population density due to differences
in habitat. Two types of analyses were carried out. First of all,
sub-stations 2 = 8 A were compared with substations 2 = 8 B. These
are the stations on the east side ( windward ). This test was a check to

see if any real differences existed in population density between the

shallow water ( "A" substations ) and the deep water ( "B" substations)

populations. Although no differences occurred at p = 0.05, nonatheless
a definite trend exists at P =0.2 to p = 0.1 with the shallow water
population being more dense. The second evaluation compared the shallow
water population on the west side of the lake to the shallow water
population on the east side of the lake. A definite difference in
habitat existed between the east and west shores of the lake as the
wind tended to blow from west to east causing an accumulation of algae,
detritus, and allocthanous material on the east side of the lake there-

by increasing the fertility. Thus, with better food and habitat on the




windward side of the lake, one would expect greater population densities
there. In five out of nine tests population densities were found to be
statistically significantly greater on the east side of the lake at p =0.05
or less., In most of the other instances significant differences were noted
from p = 0.20 to p = 0.19. In only one of the nine tests was the population
on the west shore found to be greater than that of the east shore. Thus,

it is concluded that the population density is greater on the east shore
and it is probably due to better food and habitat conditions.

Intensive evaluation of the mass of data assembled on this amphipod
population over the past three years, especially this summer, reveal a
number of parodoxes. First of all, disregarding the possibility of
massive trout mortalities since May this year, the trout biomass in the
lake has probably increased from 300 to 500 percent over the summer.

The concomittant increase in demand for food by the trout should be
proportional, thus one would expect that some decrease in the amphipod
population density and/or population structure would be apparent. Yet,
the converse is true, In 1353 (1974) all traces of the first generation
adults had disappeared from the substrate samples by 10 Mordad 1353
(August 1, 1974), but this year first generation adults were still
present in the substrate samples on the 17th of Shahrivar ( September 8,
1975). The only logical explanation lies in differences in habitat from
this year to last. In 1974, heavy and extensive periods of rain and snow

occurred at Neur Lake during late Tir and all of Mordad ( July and

August). These summer rains lkept the lake full of water all summer. Vith

the lake at maximum depth and the transparency of the water reduced to
perhaps less than 30-100 cm, production of rooted ( submergent) aquatic
macrophytes was nonexistent. The trout at that time averaged 20 cm in
length and 120 grams weight. Thus, with very little refuge from the
trout, the amphipod ( first generation adults) population was subjected
to intense predation by the trout. Once the first generation adults
were cropped off ( 1 Shahrivar 1353 or August 23, 1974) the
trout were forced to switch to an alternate food supply, in this case

leeches. Predation on amphipods was nonexistent for the rest of the season.




In contrast, in 1975 (1354) no summer rains occurred. Thus, by
mid sumer ( Tir and Mordad or July and August) the water level in the
was about 70 cm below the level of the same period in 1353 ( 1974).
This permitted sunlight penetration to the substrate in the shallower
areas of the lake and resulted in a massive bloom of filamentoua
algae and growth of rooted aquatic macrophytes. It is my contention
that this dense growth of algae provided not only additional food
resources and substrates for attachment by the amphipods, but also
greater protection from trout predation since the trout at this time
averaged over 1000 grams and 40 cm ( much larger than last year)
and were undoubtedly restricted in their ability to feed effectively
in this mass of algae due to their large physical size. With a reduced
level of predation the first generation amphipods remained in the
substrate population up until 17 Shahrivar 1354 ( September 8, 1975).
By this time; the second generation amphipods were also approaching
a larger size and sexual maturity providing a continuing forage
supply on into the fall. With an abundance of amphipods present

right through until freeze = up, the trout never switched to another

food supply in 1975 ( 1354 ) as compared to last year when they

switched to leeches after late August ( Shahrivar).

A second paradox is that a third generation of amphipods
was produced in the lake just prior to or after ice up this year.
At that time the water temperature was only 2 C. Both Cooper (1965)
and Pennak ( 1953) indicate that growth and reproduction are
temperature dependent and that reproduction ceases as water temper«

atures drop during the fall. Yet this population (Gammarus fasciatus )

produced a generation in late fall which continues to grow at a rate
not all unlike the growth rate of mid-summer this year., Permak (ibid)
also states that amphipods require " an abundance of dissolved
oxygen' as " an environmental necessity'. However, this population

thrives during the winter months at D.0O. levels less than 0.5 mg/l.




Comparison of the amphipod population age structure over the past
three years, together with the water temperatures, reveals that some
factor iy ; other than water temperature definitely
governs the onset of natural reproduction. On 25 Ordibehesht 1352
({015 May 1973) the water temperature was 7 C. On 25 Ordibehesht 1353
( 15 May 197L) the water temperature was 17 C. Yet
the amphipod population age structure was quite similar { see Figure
Twenty~two in Appendix A). During the period 14 - 20 Ordibehesht 1354
( May & = 10, 1975) the water temperature remained stable at 9 = 10 C.
However, drastic differences in the population age class structure
between this year and the two gpreceding years are readily apparent
when one examines the graphs in Figure Twenty=-three. This year a
massive pulse of first generation amphipods had been produced during
the period of May 4 - 10, 1975, in fact the first generation was
produced much earlier than this, perhaps just after ice out and the
over wintering adults ( amphipods with 22 antenna segments or greater)
had almost been completely cropped from the population by the trout.

In contrast, in the two preceding years, the populations consist largely
of overwintering adults. In 1352 ( 1973) no first generation amphipods
vwere in evidence by May 15 ( 25 Ordibehesht) as the minimum antenna
segment count was 16 segments ( first molt instars have six antenna
segments). In the spring of 1353 ( 1974 )} when 5000 trout were present
in the lake, a minor pulse of first generation amphipods was present ~
by 25 Ordibehesht ( 15 May ) with 1b - 18 antenna segments while the
main portion of the population is still overwintering adults. In
contrast, in 1975 ( 1354 ) the majority of the population consists of
first generation amphipods in the early stages of development { 14 = 20

antenna segments). At this time there were between 100,000 and 200,000

trout in the lake averaging 30 cm length and 300 grams weight. Does this
indicate that perhaps the trout population (- predation ) has induced the
amphipod population in the main lake to reproduce earlier and in a ruch

greater magnitude than the two previous years? (Sees Figure Twenty~three).

Evidence will be presented to support this hypothesis.




As stated previously, the amphipod population of Neur Lake in
the spring ( May or Ordibehesht ) 1973 and 1974 ( 1352 & 1353 )
consisted of primarily overvintering adults. There was no evidence
of reproduction in 1973 at all and very little again in 1974
(see Figure Twenty~two) despita a 10 C. differential in water temperature
between the two years. The vast majority of the amphipods in the
population had 20 -~ 28 antenna segments. Comparison of figure twenty-two
with the portion of Figure Fifteesn pertaining to the marsh amphipod
population reveals that the marsh population structure from this
past spring would virtually superimpose onto the d3ta from the two
previous years on Figure twenty-two. In contrast, the main lake
amphipod population this year has an entirely different structure
than the two previous years, in 1975 most of the population consiats
of first generation immature amphipods with 14 = 20 antenna segments.

It is my hypothesis that intensive predation on the amphipod population

by the rainbow trout has somehow ( either direCtly or indirectly)

induced a more rapid rate of turnover in the main lake population.
Examination of Figures Cne through Eight A and fifteen through
twenty ( when lined up in sequential form with each succeeding figure
below the former) saveral things become apparent. In Figures fifteen
through twenty the rapid growth and rate of change in the main lake

population ( clear and black portions ) or left to right movement

between successive sampling periods stands out in stark contrast to 4
the marsh ( mordab ) population where there is actually a degeneration
of the overwintering population ( slight movement from right to left
between sampling periods. This scenesence in the marsh population is
evident not only in the right to left movement as spring p¥Ogresses
towards summer, but also in the decrease in the proportion of the
largest ( most antenna segments ) amphipods in the population. Since
predation is not operating in the marsh population, apparently the
largest adults are dying without ever having reproduced. Not until

2 Tir 1354 ( June 23, 1975), when the overwintering adults in the
marsh population are rapidly dying off, does any evidence of natural

reproduction become evident.




In addition, examination of Figures Eighteen through twenty
reveal that natural reproduction began later and stopped sooner in
the marsh population than the main lake where predation by trout was
the only additional factor operating on the main lake population that
did not operate on the marsh population. The pulses (1st generation
amphipods) from the marsh population are very narrow in width,
indicating that reproduction commenced and ceased over a very short
time interval, whereas in the main lake population natural reproduction
( 2nd generation amphipods ) was well underway before 2 Tir 1354

{ June 23, 1975 ) and continued on at least through 17 Mordad 1354

{ August 8, 1975 ). This is .evidenced by the presence of amphipods

with seven antenna segments in the main lake population all the way
through the month of Mordad but not evidenced in the marsh population.
Thus, it definitely appears that predation by the trout in the main .
lake has in some manner induced a more dynamic rate of growth and
natural reproduction in the main lake population. The s2cond generation
in the main lake is produced over a longer period of time and actually
becomes evident in the population prior to preoduction of the first
genaration in the marsh population.

Figures Eight A and Twenty A definitely indicate that a third
genearation was produced in the main lake about the time of fresze-up.
Unfortunately, a check of the marsh population was nect made at the
same time. However, a check of both populations will be made in Dey o
1354 ( January 1976 ) and it should be possible to determine from
comparison of the two population's age structures whether or not a late
fall generation was produced in the marsh population as well.

To isolate the mechanism that directly controls the reproductive
cycle of this amphipod and what role predation by trout plays in the
phenomenon would probably take many years to deduce. However, some

hypotheses readily come to mind and will be discussad below.




Natural reproduction in the amphipod population may be controlled
by some hormone or combination of hormones that brings on the formation
of eggs in the female. These hormone levels may be controlled by
or depend upon the population density. When the population is comprised
of a large number of mature individuals present in very high densities
the hormonal balance may inhibit the production of eggs in the
females. As the population density decreases, either through predation
by trout or natural mortality due to old age, the hormone balance may
change and the formation of eggs may take place. In this case the
trout population would be acting indirectly on the amphipod population
by effecting the hormone levels in the amphipods.

Another possibility is that the amphipods . control
natural reproduction themselves. At high population densities it may
be possible that copulation or fertilization does not occur. If
copulation and fertilization occurs then perhaps the female may.
consume the eggs herself, or the male may destroy the young before they
become mobile, Other possibilities undoubtedly exist. Whatever the
mechanism may be, we definitely know that ist instar amphipods did not
appear in the marsh population until 2 Tir 1354 ( June 23 , 1973 ).

Throughout the entire spring the marsh population densities remained

)
at about 600 = 800 amphipods/meter”. In contrast, the main lake

population never averaged more than about 200/m2 until after 2 Tir
when the second generation was produced. During Khordad ( late May to
mid June ) the main lake population dropped to 100/m2 or less. It waé
at this time the second generation was produced. Extrapolation of the
population density data after 26 Mehr 135k ( October 18, 1975) and
extension of the graph on Figure Twenty-four into Aban indicates that
the amphipod population at that time again approached a density of

100 - ZOO/meterz. And once again reproduction again took place.

Admittedly this does not prove that reproduction is density dependent,

nonetheless, the correlation does exist,




Predation by the trout on the amphipod population is governed by

two factors; 1) population density, and 2) age structure of the amphipod

population. Examination of Figures One through Twelve reveal the manner
in which predation is governed by age class structure in the amphipod
population. In Figure Nine we see that on 10 Mordad 1353 ( August 1,

1975) the actual composition of the amphipod population was totally
early instar immature amphipods. In contrast, stomach samples analyses
revealed the trout had fed only upon the 1st generation adults and in
fact had totally removed them from the lake population with such
efficiency that not one 1st generation adult showed up in our substrate
samples at this time. In contrast the data presented in Figures Twvo
and Eleven reveal just the opposite extreme where the trout have already
consumed the adult generation amphipods and are now feeding intensively
upon the sub~adulis ( immatures approaching sexual maturity ) which
comprise the entire population.

Although Figures Two and Eleven just cited indicate that the
grazing pressure ( exerted by the trout } coincides almost exactly
with the population age structure, i.e., there is very little selectivity
on the part of the trout for the largest amphipods, these figures do
not reflect in any way what percentage of the trout population is
feeding upon amphipods. This is governed strictly by the population
density (amphipod population demsity). Altheugh no factual or numerical
data has been gathered over the past two years to document this, S
general observations were made during each survey since May 197k.

t virtually every case where the graphs ( such as Figures Two and
Eleven) indicate that predation by the trout is most intense; just
exactly the opposite is true. That is to say, the trout population as
a whole rarely feeds upon immature amphipods ( less than 22 antenna
segments) at all. Thus, the data presented in Figures Two and Eleven
are based on those trout stomach samples with amphipods in the food
bolus; however, perhaps only 5 = 10% of the trout stomachs examined

at those particular times even contained one amphipod. Trout predation is




is generally most intense on the amphipod population as a whole when
and only when adult amphipods are bresent in large numbers, Furthermore,
when the bPopulation density (amphipod) drops to less than 200 amphipods
Per square meter over the entire lake, trout Predation virtually

Ceases to act on the amphipods, . Thus, Figure One A, indicates no
predation by the trout on the amphipod Population during the period

1 = 3 Khordad 1354 ( 22 - 24 May 1975 ). Such was the case, not one
trout could be caught with amphipods in the food bolus, Similarly,
during the months of late Shahrivar, Mehr, and Aban 1353 ( October

and November 1974 ) predation was virtually nonexistent, More than

from the mouths of trout entangled
in the gil1 nets. The data on amphipods contained in the food bolus
during those months ( Figures Eleven and Twelve ) cnly reflect the
portion of the amphipod population subjected to predation by the

trout,
CONCLUSIONS

1)The information collected over the past three years indicates

that the trout predation on the amphipod population has had no negative

effect whatsoever, On the contrary, if anything the effect of Predation

has made the amphipod population more dynamic, pro
number of
of the trout ) to three or possibly more generations per year under
intense predation Pressures,

2) A definite correlation exists between depth of the lake and
density of the amphipod population and the correlation is negative,
i.e., as depth increases population density decreases, The correlation

is statistically significant at p= 0.20 to P = 0,10,




3) Amphipod population density is definitely correlated with
habitat throughout the entire sampling period in 1975 (1354). In five
out of nine instances, the population was statistically significantly
greater at substations 2 = 824 ( east and windward side of the lake )
than at substations 1, 9 ~ 14 A ( west and leeward side of the lake).
In five of the nine instances the significance was at p = 0.05 or less.
In three of the remaining instances significant differences were
observed at p = 0.20 to p = 0.10. In only one instance was the west
side population greater than the east side population.

L) Trout predation on the amphipod population as a whole is most
intense in the early spring right after ice-ocut and is directed at the
overvintering adults. It is less intense during the spring months when
the amphipod population densities drop to EOO/m2 or less, and then
increases towards its maximum intensity throughout most of the summer
months when the: amplipod populatiom is at its moat dynamic state., At this

time the trout restrict themselves to the 1st generation adults. When

G - S - =
either population densities fall to less than 200/meter  or adult

amphipods are unavailable, the trout switch to a more readily available

source of food. This was most pronounced in late August 1974 when the

(s 3
3 L . * g 2 p &
amphipod population was at its most dense point { more than 1000/m }
but the entire populatien consisted of early ivsta
to 13 antenna segments and the trout then switched to an exclusive

leech diet,

5) The ability of the adult amphipeds to escape predation by the
trout is a function of habitat and the density of agquatic vegetation.
In 1974, with no production of filamentous algae or rooted aquatic
macrophytes, the 1st generation adults were readily cropped off by the
trout in a very short period of time. Conversely, in 1975 (1354) the
dense growths of filamentous algaes and rooted aquatic macrophyvtes

resulted in 1st generation adults surviving on into Sa,tember when they

b
were completely cropped of by ugust 1st in 1974. The large size of

~

5 perhaps decreased their efficiency in feeding through

.
{

the trout in 19

I3

decreased mobility in the masses of aquatic vegetation.




6) From ice~out in the spring to ice-up in the fall of this year
the mordab (marsh)population only produced one generation of amphipods.
The production of the first generation in the marsh coincided almost
precisely with the production of the second generation of the year in
the main lake where trout predation was a factor.

7) No statistical differences in population densities collected
at similar times in 1974 and 1975 ( 1253 and 1354 ) could be discerned
when the paired data points were subjected to statistical evaluation

(T - test).

RECOMMENDATIONS

1) In the event of stocking 400,000 rainbow fingerlings in Neur
Lake in the spring of 1976 (1355), monthly gill net surveys should be
made to document any differences in selective predation between the
large trout which escape the spring commercial fishery and the fingerling
trout throughout the summer,

2) Bi-weekly population estimates should be conducted again in
1976 (1355 ) to see if the doubling of the fingerling stocking rate
has a negative zffect on the amphipod population.

3) A minimum of one hundred amphipods should be collected daily
in both the main lake and the marsh population from ice out up/until -
the time when the first population estimation is performed to decument
any differences in fecundity of the two populations and/or differences
in the times of the onset of natural reproduction. This will allow us
to examine the females in the laboratory for egg production.

4) As a final check on whether or not the trout have induced
the amphipod population in the main lake to reproduce more often than

the marsh population, the following experiment should be completed.

2
One bhundred meters should be screened off in the matsh and stocked

with trout at the same rate as the main lake andthe population density
k - -

inside the screen be compared to that outside the screen all summer long.




LITERATURE CITED

Boettcher, J. 1974 (1353). Neur lake limmological investigation II,

6 = 11 Mordad 1353. Department of the Environment. Job Progress
Report. 17 p.

Cooper, W.E. 1965, Dynamics and productiocn of a natural population of

a fresh-water amphipod, Hyalella azteca. Ecological Monographs.

35:377=3%.

Dixon, W.J., and F.J. Massey, Jr. 1969. Inference: two populations,

Do 109-126. IN W.J. Dixon and F.J. Massey, Jr. Introduction to

statistical analysis., McGraw=-Hill, New York.

Pennak, R.W. 1953. Amphipods ( scuds, sideswimmers ), p. 435-446. IN
R.W. Pennak, Freshwater invertebrates of the United States.

Ronald Press Co., New York,




APPENDIX A




APPENDIX B




TABLE THREE. BIOMETRIC DATA, NEUR LAXE, 14,19 ORDIEEHESHT +’b__ft

Ave., Length (cm) Ave, Weight (g) N SEX Net Specifications

29,1 232 30 Male 50mX 2m X 20 am
30.9 288 30 Female 50 m X 2 m X 20 mm
32.5 270 41 Both 13 mX 2 m X 35 om
47,0 1450 a4 Male

50 1960 1 Female

50 1920 1 Male

TABLE FOUR. AMPHIFOD POPULATION DATA, NEUR LAKE, 17 ORDIBEHESHT 1354

STATION # TOTAL MA%  TOTAL MBY AVE. A"  AVE. "B" A #/C B/
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TABLE FIVE. AVERAGE AMPHIPOD POPULATION DATA, NEUR LAKE, 17/2/5h.

STATIONS AVERAGE/ METER®

1~ 1% A 321/m2
1 -1 B 42.8/@
18 A 373/m,
9 m 1k A 253/m,
15 = 19 832/m




TABLE SIX. AMPHIPOD ANTENNA SEGMENT DATA, NEUR LAXE, 17 ORDIBEHESHT 1354

STATION # AVE,.(X) N - RANGE

16.1
0
16,4
18.0
19.3
19,2
16.7
(o)
15.4
19,3
17.0
17.0
7A 18
7B i9
8a 20.2
8A 0
A (o]
10A 173
10B 16
11A 20.5
118 (4]
12A 18
128 16
13A 18.4
138 ()
144 17
14B 18
15 23.0
16 21.9
17 23.3
18 23.1
19 22.8

12 = 20

13 = 18
16 = 20
13 = 27
15 = 24
12 « 20
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14 - 18
15 = 24
17
17
in
19
16 » 27
20 = 21
1k = 20
16
15 = 29
18
16
15 ~ 26

15 = 19
i8
17 = 31
18 « 30
17 « 28
18 - 30
13 = 31

TABLE SEVEN. FEMALE AMPHIPOD FECUNDITY & ANTENNA SEGMENT DATA; 17/2/54

ANTENNA SEGMENTS _ FERTILE EGGS
N RANGE X N RANGE:

20 = 26




TABLE EIGHT. ANTENNA SEGMENT DATA FROM AMPHIPODS CONSUMED BY RAINSOW
TROUT IN NEUR LAKE, 14 =~ 20 ORDIEEHESHT 1354.

X N RANGE

24,0 10 17 = 28
27.0 21 21 - 31
26.5 10 21 = 35
26.1 10 23 - 28
26.9 10 21 =~ 32
27.3 10 23 = 30
28,6 10 26 = 35
25.8 10 22 - 28
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TABLE ONE. AMPHZPOD ANTENNA SEGMENT DATA, NEUR LAKE, 1-3 KHORDAD 1354

STATION # AVE. (X) N RANGE

1A 17.0 9 15 = 20
iB . 0 0 o e
2A 18.0 10 14 <20
2B 18.2 8 15 =20
3A v 17.8 10 12 = 21
3B 19,0 4 17 = 22
La 15.3 26 13 - 18
4B 170 13 15 = 21
SA 18.6 14 16 =20
20,0 9 17 =23
0 0 ————————
6B 1803 13 17 = 23
7A 18.9 9 16 - 27
7B 23:8 17 = 34
8A 20,3 Ll 17 = 27
9A 19.2 6 15 = 26
98 (4} 0 .
10A 18.8
10B 19.0
11A 18,8
118 22.7
12A o
12B : 22
13A 181
138 o
14A 17
1LB 0
15 23.8
16 2L.3
17 23.5
18 25,2
19 26.0
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TABLE TWO. ¥EURAKE FEMALE AMPHIPOD FECUNDITY DATA, 1=3 KHORDAD 135k

antenna segments _ eggs
Range : N Range

21 = 29 13 18 - 58




Table Three, NEUR LAXE AMPHIPOD POPULATION DATA, ¥-2 KHORDAD 1354

STATION # TOTAL ™a® TOTAL WB» AVE waw AVE npw 4 #/HZ B #/Ba

1) 0 To1 229
10 L 1.0 o1 200
10 4 1.0 ol 200
D 550
0 280
3.4 0
0.4 200
0.2 220
0 120
0.1 200
0.5 220
0.2 °
0 350
0 30
600

25 ¥5 2.6
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TABLE THREE A, NEUR LAXE AVERAGE AMPRIPOD POPULATION DATA, t-3 KEORDAD 3354

STATIONS AMPHIPODS / mzx?'

2

=14 A &o/mma

T -5 226 / WETER ,
¥-8a 233 / METIR
9 - 14 A 203 / wErER
15 = 19 336 / MsrER ©

NOTES: SIX FISH STOMACHS WERZ EXAMINED FOR FOOD CONTENT FROM FISH COLLECTED ON
& KHORDAD 3354 AYD NONE WERE FOUND TO CONTAIN LARGE AMOUNTS OF AMPNIPODS
AS WAS THE CASE IN ORDIBEHESHY, THIS SHORTAGE OF AMPHIPODS INDICATES THE
MAJORITY OF THE TROUT ARE NOT FERDING ON AMPHIDODS AS HEAVILY AS TH®
DENSITY OF THE AMPHIPODS DECREASES., NO ANTENYA WERE WREADABLE®™ AND THUS
HOT DATA COMPARING POPULATION DATA WITH PORTION OF THE POPULATION SUBJECT
T0 PREDATION BY TROUT, TWO OF THE SIX TROUT WERE STUFFED WITH CHIRONOMID
PUPAE INDICATING THE TROUT PROBABLY ARE QUITE SUCCESSFUL IN REDUCING THE
NUMBER OF SUCCESSFUL " EMERGERS® IN THE CHIRONOMID POPULATION,, ALTHOUGH
LZICHES AND SNAILS MAXE UP A GREATER PORTION OF THE BIOM4ASS OF AQUATIUC
INVZRTEBRATES OX THE SUBSTRATE, NONEL. WiIRE OBSERVED IN TEE PROUT
STOMACHS, MANY FEMALES (ROTE IN THE MORDAB AND THE MAIN LAXEYNOW HAVE
MANY EGG CLUTCHES IN TZE THORACIC AREA, BUT AS YET ARE UNFERTILIZED.
SIGNIFICANTLY, THE FECUNDITY IS ALMOST & 50 % GREATER WITZ THIS ®SECOND®
GENERATION THAN WITE THE FIRST ONET PRODUCED THIS SPRING, THIS INDICATES
A MUCH LARGER POPULATION TO COME IN THR 3ZCOND GENERATION,
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Table Four, Neur Lake Amphipod Population Data, 16-17 .. TIR - -135'*

STATION # TOTAL "A" TOTAL "B" AVE "A" AVE "B" A #M° B #/M°

0.7 140
07 1Lko

5.1
L.8 960
b % | 620
365 700
14,0 2800

15.9
L1 820
1.6 320
0.3 60
1.4 280
2,1 L2o
L8o

O 0N W LN e

I o I
N o» O

- ounras
B emaT
e s
el
e

Table Five, Neur Lake Average Amphipod Population Data, 15«17 Tir 1354

STATIONS AMPHIPODS/METER> RANGE

1 = 1k A 1143 / meters 60 - L2560
1 - 14 B 853 / meter 60 - 3180
1 - 14 ASB 998 / meter 60 - L4260
15 - 19 1990 / meter 160 - 7040
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Table Six. Neur Lake Amphipod population Data, 16 = 17 Khordad 1354

STATION # TOTAL "A"™ TOTAL "B" AVE M&" AVE "B" A #/ M° B# /M 3

3ko0
80
280
8
280
120
380
300
100
100
e o}
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343 660
2.1 L2o
3.6 720
2.9 580
1,8 - 360

Tablz Seven. Average Amphiped Pepulation Data, 15«17 Khordad 135k

STATIONS AMPHIPODS / METER 2 RANGE

1-1k A 148/ meter ° 0 - 380
1-14 B 58.5 / meter> 0 - 200
15 = 19 568/ meters

1~14 A&B 103/ meterz 380




Table Eight. Neur Lake Amphipod Population Data, 2 Tir 135L

STATION # TOTAL "AF TOTAL "B" AVE "A¥. AVE "B" A #M> B #/M°

1.8 0.1 360
0.2 0.3 Lo
0.7 0.9 140
2.0 0.3 Loo
o 0.3 o}
2.4 0.5 480
0.4 0.1 8o
1.4 1.2 280
0.5 0.2 100
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2.0 Loo
0.k 8o
0.5 100
0.3 60

Table Eight A. Neur Lake Amphipod Population Averages. 2 Tir 135h
p) 5

STATIONS AMPHIPODS/ METER

1 = 14X 180/ meter
1-14 B 68.6/ meter
1-14A&8B 124/ meter
15 -~ 19 1112/meter °
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TABLE NINE. NEUR LAKE AMPHIPOD ANTENNA SEGMENT DATA, 2 TIR 1354

STATION# N b4 RANGE N

IMMATURE  IMMATURE A & SA* XA & SA* p

9.4 8-11

21.h 18-25
23

26
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16 o : 2k-27
17 L ! 16-30
18 2.0 o, 38 ks 20~31
19 e S 36 3l 17-30

¥ S & SA indicates subadults and adults a: compared to immatures(2nd gen.)
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TABLE TEN., COMPARISON OF ANTENNA SEGMENT DATA FROM MAIN LAKE, MORDAB,
AND TROUT STOMACH ANALYSES. 2 TIR 1354,

ANTENNA SEGMENTS MAIN LAKE MORDAB TROUT STOMACHS
NUMBERS N % %

6 5 2.8
7 5.6
8 1L 7.5
9 2l 173
1 20 A2
1 i 15e
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In the main lake more than €0 % of the numerical population of amphipods
consists of very early instars of the second generation. In contrast, only
17 % of the population in the mordab consisted of early instar second
generation amphipods., And in the trout stomach analysis rio amphipods

were consumed with less than 19 antenna segments, Eighty-three percent

of the amphipods consumed by the trout had 22 or more antenna segments.
However, less than 25% of the amphipod population in the main lake
possessed 22 oep more anterna segments., This again indicates a very
selective food habit on the part of the trout.




TABLE EZEVEN. NEUR LAKE AMPHIPOD POPULATION DATA, =3 MORDAD 1354
STATION # TOTAL ™A™ TOTAL "B™ AVE "™A" AVE "B" & A#/M B#/ﬁd

35 3%
105 53
79 23
113 132
or 60
307 38
75 110
119 57
59 36
41 49
k3 1
28 54
30 42
4 24

700 720
2100 7060
1580 L50
2260 2640
1820 1200
2140 1760
1500 2200
2380 1940
1180 720

820 980

620 20
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£00 850
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TABLE TWELVE ., NEUR LAKE AMPHIPOD POPULSTION AVERARAGES, T - 3 MORDAD 135k

STATION # AVERAGE ( #/ HETERZ) RANGE ( #/ mmz)

T& 734 A 310 80 - 2380
T=-34 8 1¥50 20 - 2640
T-8A 1034 700 « 2380
F-14 A 643 80 - 1180
t~8838 856 720 = 2640
9 ~-14B 685 20 - 1080
T-T4 42838 1230 20 - 2640
5 - 19 6268 5440 - 7¥00
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TABLE THIRTEEN. NEUR LAKE AMPHIPOD POPULATION DATA' 15 - 17 MORDAD 1354

STATION # TOTAL "A® TOTAL wpw AVE "aA® 3R vwBr 4 B/ gf B #"Ma

$260 7020
980 2800
4320 640
1000 1180
3540 1740
1240 2440
1380 600
1720 1580
720 780
1360 760

160 920
940 940
1060 1020
1080 620

63 5 6.3
49 140 4.9
216 32 21.6
50 59 550
77 87 177
62 122 6.2
69 20
86 79
36 39
68 38
8 46
&7 47
53 5%
54 31
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MORDAB DATA

304.4 60,880
122.1 248,420
76.7 15,340
49.5 9,900
167.6 33,520

TABLE FOURTEEN, NEUR LAKE AMPHIPOD POPULATION AVERAGES, 15 - 17 MORDAD 3354

STATION # AVERAGE ( # / METER a) RANGE. ( # / METER 2}

1483 160 - 4320
1217 600 -~ 2800
1930 980 — 4320
887 160 - 1360
500 600 -~ 2800
840 620 - 1020
1350 160 ~ 4320
28,812 9,900 - 60,880
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TABLE FIFTEEN. COMPARISON OF ANTENNA SEGMENT DATA FROM MAIN LAKE, MORDAB,
AND TROUT STOMACHS ANALYSES, 13=17 MORDAD 1354, AND TROUT
STOMACH ANALYSES FROM 7 MORDAD 1354.

ANTENNA MAIN LAKE MORDAB SAMPLES TROUT STOMACHS  TROUT STOMACHS
{7 NORDAD -~ 2 MORDAD
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In the main lake 81 % of the amphiped populati on had 20 antenna segments

or less. In contrast, 70 ¥ of the amphipods consumed by ths trout had 20 -
antenna segments or more, thereby again indicating that the trout are fesding
on the larger (physically bigger amphipods, sezually mature or nsarly so)
ssgment of the amphipod populationm, It is also interesting that on the

7th of Mordad the amphipods consumed by the trout had fewer antenna segments
than those eaten by the trout on 20 Mordad. This indicatas that ths anphipod
population was perhaps made up of primarily vounger individuals on ths 7th

of Mordad than on the 20th, thua causing the trout to feed on smaller azphipods
on the average on this period of time, Such was the case. Younger individulas
made up a larger segemat of the population on 7 Mordad than on 20 Mordad,
Comparing data froa 2 Tir 1354 {together with the trends in predation noted
last year by Boaticher) we sees that the trout feed on the smaller segment of
the population a3 the summer progresses,




TABLE FIFTEEN. SNAIL, LEECH, & CHIRONOMID DENSITIES, 1 - 3 TIR 1354,
NEUR LAKE,

STATION # SNAILS/ Mz LEECHES/ Mg CHIRONOMIDS/ Hz

1A
1B
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2B
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(3:]
7A
78
8a
88
9A
93
10A
10B
11A
118
12A
128
13A
138
144
148

b

2n85l 588

ERSEENRESY

e

kb

100
40
€0
20
ko
00
20
20

220
20
20
Lo

220
Lo
&
20
20
8o

240
GO
c0
20
20
20
20
20

BEsoses8b| B8sssBa8ilenan| Bk

seesnssnnl g

TABLE SIXTEEN. NEUR LAKE AMPHIPOD FECUNDITY DATA, 15 ~ 17 MORDAD 1354

ANTENNA SEGMENTS _ FERTILE EGGS.
: 4 N RANGE X N RANGE

25 3 2k - 26 30 3




TABLE SEVENTEEN, SNAIL, LEECH, & CHIRONOMID DENSITIES, 15 - 17 MORDAD 1354
1354, NEUR LAKE.

SNAILS/ M2 LEECHES/ M> CHIRONOMIDS,/ M°
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TABLE EIGHTZEN, COMPARISON OF AMPHIPOD ANTENNA SEGMENT DATA FROM NEUR LAKE,
MAIN LAKE, MORDAB, AND TROUT STOMACHS FROM ¥ %0 3 MORDAD 1354,

ANTENNA MAIN LAKE MORDAB TROUT STOMACHS
SEGMENTS % %

2,0
Q
0.14
0.57
Lok
b7
10.6
Sehy
14,9
8.0
16.0
9.0
7’0
1.87
t.72
0,50
143
2ele
2,88
1.87
T.30
¥.CO
0.64
0.29
02l
0,43
0,07
0.74
Q
0,07
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GENERAL NOTES: DURING THIS SAMPLING PERIOD THOSE AMPHIPODS WITH 18 OR
MORE ANTENNA SEGMENTS MADE UP 33% OF THE POPULATION IN THE MAIN LAKE.
TROUT STOMACH SAMPLES TAKEN AT THE SAME TIME INDICATED THAT AMPHIPODS
WITH 18 CR MORE ANTENNA SEGMENTS COMPRISED 67% of THE FOOD CONSUMED

BY THE TROUT, AS FAR AS AMPHIPODS WERE CONCERNED. 49% OF THE AMPHIPOD
POPULATION IN THE MAIN LAKE HAD 17 OR MORE ANTENNA SEGMENTS AND 82%

OF THE AMPHIPODS CONSUMED BY THE TROUT HAD 17 OR MORE ANTENNA SEGMENTS.
AT THIS TIME THE POPULATION WAS COMPRISED PRIMARILY OF YOUNG IMMARURE
AMPHIPODS ( 67% OF THE POPULATION IN THE MAIN LAKE WITH 17 OR LESS
ANTENNA SEGMENTS). THUS, AS WOULD BE EXPECTED, OUR DATA FRCM 15-17
MORDAD SHOW THAT AS THE POPULATION YWO WEEKS LATER WAS COMPRISED OF
LARGER AMPHIPODS SO TCO WAS THE MAJORITY OF THE AMPHIPOD RESOURCE
CONSUMED BY THE TROUT MADE OF OF LARGER, OLDER AMPHIPODS. AT THAT TIME
81 % OF THE SPHIPOD POPULATION HAD 20 OR MORE ANTENNA SBCMENTS AND THIS
PROTICN OF THE POPULATION COMPRISED 70% OF THE AMPHIPODS CONSUMED BY
THE TROUT.




TABLE NINETEEN, NEUR LAXE AMPHIPOD POPULATION ESTIMATIONS T - 3 SHAHRIVAR 1354

STATION # TOTAL "A"™ TOTAL "B® AVE “A®™  AVE "Bw  #i/ Mz #B/ Mz

15 " 1.5 T.h 300 280
9 5 4.9 He2 980 1040
78 10.4 7.8 2080 1560
51 43 5.1 5.3 1020 860
55 10.2 5.5 2040 1100
70 77 2.0 77 1400 1540
91 9.1 1.4 2280
64 13.3 6o 1280
33 25 3.8 2.5 500
50 31 4,0 3.1 620
25 32 2.5 3.2 640
27 2.7 2.5
46 .
32
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TABLE TWENTY. NEUR LAXE AMPHIPOD POPULATION AVERAGES 3 ¥ = 3 SHAHRIVAR 135k

STATION # AVERAGER/ {ﬁfﬁiﬁ?ﬂ'&z) RANGE: ( #/m7 ‘”é?a} ;

T =354 A 1175 300 - 2560
I-14B 95r 280- - 2280
1-84a 1538 300 « 2660
25 280 - 2280
& 695 500 - 920
Z 576 500 = 680

1066 280 - 2660




TABLE TWENTY-ONE® ANTENNA SEGMENT DATA, NEUR LAKE; 1 - 3 SHAHRIVAR 1354

ANTENNA MAIN LAXE TROUT STOMACHS
SEGMENTS N % i %

10 y 0.5
13 28 2.0
2. 25 1.8
13 86 6.0
T4 47 3.3
15 9.1
16 93 65
17 11.3
18 7.2
19 ] 11.2
9.3
9.6
508
645
2.5
2.8
1.3
1.3
0.3
Oulr
Cu3
31 : : 0.4
32 0.7
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GENERAL NCEES: ONCE AGATN TEE PATTERN IS BORX OUY WHERE THE MAJORITY OF
THE POPULATION IS MADE UP OF IMMATURE and SUBADULT AMPEIPODS$ HOWEVER,
THE TROUT CONTINUE TO FEED ON THE LARGER (PHYSICALLY) SEGMENT OF THE
AMPHIPOD POPULATION, EIGHTY PERCENT OF ALL AMPEIPODS CONSUMED BY THE
TROUT COMPRISE THE LARGEST OR UPPER 40% OF THE AMPHIPOD POPULATION,
ANALYSIS OF THIS AND PREVIQUS DATA SHOWS THAT THE POPULATION PEAXED
NUMERICALLY BETWEEN MID MORDAD AND T SHABRIVAR WHEN THE OVERALL AVERAGE

FOR THE ENTIRE LAXKE DROPPED BY 300 AMPRIFPODS/ ﬁETEHg, the POPULATION
CONTINUES TO BE MADE UP OF A BROAD SPECTRUM OF ALL AGES OF AMPHIPODS AT

THIS TIME; WHEREAS LAST YZAR, ALL ADULTS HAD BEEN REMOVED FROM THE POPULATION
BY SHAHRRIVAR WITH ONLY YOUUG IMMATURES REMAINING, THIS IS MOSTLY DUE T0

THE DENSE VEGETATION ON THE BAST SIDE OF THE LAKE WHICH PROVIDES PROTECTIOCN,
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TABLE TWENTY-TWO, NEUR LAKE AMPHIPOD ANTENNA SEGMENT DATA; 15 - 17 SHAHRIVAR 1354

NUMBER OF MAIN LAKE MAIN LAKR TROUT STOMACH SAMPLES
ANTENNR SEGMENTS % w

& 0.1
9 o
14§ 1.0
12 3.9
13 3.9
T4 2.3
15 6,0
16 4.5
7 73
8 567
9 9%
20 7.8
2% 12,0
22 9.0
23 : 8.8
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GENERAL NOTES: THE GENERAL PREDATION PATTERN HAS NOT CHANGED SIGNIFICANTLY
SINCE THE SURVEY OF ¥ - % SHAHRIVAR © 1354 ELCEPT FOR THE FACT THAT THE
POPULATION HAS GOTTEN A& LITTLE MORE SXEWED TO! OLDER INDIVIDUALS IN THE
POPULATION AS & WHOLE, BUT WITH EACH ANTERMAL SEGMENT GROUP MEKING UP &
SMALLER PERCENTAGE OF THE POPULATION THAN BEFORE. PREDATION BY THE TROUT
HAS NOT CHANGED AT ALL WITH THE TROUT STILL FEELING UPON THE SAME SIZE GROUP
AS TWO WEEXS PREVIOUSLY. HOWEVER, THIS DOES INDICATE THAT THE TROUT ARE
BEGINNING TO FIND IT HARDER TO SELECT FOR LARGER AMPHIPODS AS THEY BECOME

& SMALLER MORE SCARCE SEGMENT OF THE POPULATION. I ANTICIPATE SOME VERY
SIGNIFPICANT CHANGES IN THE POPULATION BY T MEHR 1354 as THE POPULATION OF
AMPHIPCDS BEGINS TO RAPIDLY FALL OFF WITH THE CESSATION OF NATURAL
REPRODUCTION AND THE TROUT PREDATION BEGINS TO MAKE SERIOUS INROADS ON THE
AMPHIPOD POPULATION, WHEN THIS HAPPENS THE TROUT WILL CONSTANTLY SELECT FOR
A SMALLER AND SMALLER AND MORE IMMATURE SEGMENT OF THE POPULATION UNTIL
THE POPULATION DENSITY REACHES SUCH A LOW LEVEL THAT THE TROUT WILL SWITCH
T0 A MORE READILY AVAILABLE SOURCE OF FOOD, PROBABLY LEECHES AS WAS OBSERVED
IN MEHR AND ABAN #353.
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TABLE TWENTY =~ THREE,
NEUR LAXE AMPHIPOD ANTENNA SEGMENT DATA; 15 — 17 KHORDAD 1354

ANTENNA MAIN LAXE MORDAB TROUT STOMACHS
SECGMENTS ' i N
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GENEZRAYL NOTES: AS YET THE AMPHIPOD POPULATION HAS NOT YET STARTED TO-"BOOM
AND THR TROUT ARE BEGINNING TO FEED HORE HEAVILY ON THE AMPHIPODS THAN TWO
WEEXS AGO WHEN 7 OF THE 20 TROUT STOMACES EXAMINED HAD NO AMPHIPODS IN THEM,..
THE CCMPARISON OF THE AMPHIPOD DATA FROM THE MAIN LAKE WITH THAT OF THE
TROUT STOMACHS SHOWS THE TROUT TO BE SELECTING FOR THE LARGER AMPATIPODS MOST
DEFINITZLYy EOWEVER, THZ ARE NOT AS SELECTIVE FOR THEZ LARGER AMPHIFODS A3
THEY WILL BE ONCE THE POPULATION BEGINS TO "30OM"™ LATER IN THE SUMMER,




TABLE TWENTY-FOUR. NEUR LAKE AMPHIPOD POPULATION ESTIMATIONS,
16 SHAHRIVAR 1354,

STATION TOTAL TOTAL AVERAGE AVERAGE #MAM/M>  #WBW /Mo
# "A" "B" llAll "B"

™~

33 35 3.3 3.5 660 700
26 27 2.6 2e? 520 540
22 35 2.2 3.5 440 700
54 88 5.4 8.8
63 12.1
31 26 3.1
40 19 L,0
38 3.8
30
26
31
53
36
32
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TABLE TWENTY-FIVE. NEUR LAKE AMPHIPOD POPULATION AVERAGES, 16 SHAHRIVAR
1354,

STATIONS #VMETERZ

818.57
795.71
912,50
693.33
807.14




TABLE TWENTY-3IX. NEUR LAKE AMPHIPOD POPULATICN ESTIMATIONS,
26 MEHR 1354,

STATION TOTAL TOTAL AVERAGE AVERAGE #"A"/M2 #"B"/Mz
# HAH nBH "A" "Bll

0 10 o 1.0 200
24 5 0.5 100
12 1 0.1 20
o] 50 _ 540 1000
47 L.7 ; 950
24 2.4 L8o
b C.h 5 8o
25 2.5 500
8 0.8 160
0.8 260
i 1.3
o
0.9
1.5
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TABLE TWENTY-SEVEN. NEUR LAKE AMPHIPOD POPULATION AVERAGES, 26 MEHR 1354

STATIONS #/ METERZ

1k A ‘ 222,4
14 B 323

8 A 358
4G 0A 20,0
14 A & B 262.5




TABLE TWENTY-EIGHT. COMPARISON OF NEUR LAKE AMPHIPODS ANTENNA SEGMENTS
FROM THE LAKE POPULATION WITH ANTENNA SEGMENT COUNTS FROM TROUT STOMACH
ANALYSES, 26 MEHR 1354,

ANTENNA SEGMENTS MAIN LAXKE SAMPLES TROUT STOMACH SAMPLES
N % N %
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AT THE TIME OF THIS SURVEY IN THE LAKE POPULATION OF AMPHIPODS

63% OF THE POPULATION HAD 22 ANTENNA SEGMENTS OR LESS. IN CONTRAST,
THE AMPHIPODS FROM THE TROUT STOMACH SAMPLES WERE MUCH LARGER WITH
70% OF THOSE AMPHIPODS EXAMINED FROM TROUT STOMACHS HAVING 22 or MORE
ANTENNA SEGMENTS.THUS, THE TREND THAT HAS BEEN ESTABLISHED ALL

SUMMER STILL MANIFESIS ITSELF, I.E., THE TROUT FEED ON THE OLDER
SEGMENT OF THE AMPHIPOD POPULATION.




TABLE TWENTY- NINE. COMPARISON OF NEUR LAKE AMPHIPOD ANTENNA SEGMENT
DATA FROM 25 ORDIBEHESHT 1352 AND 25 ORDIBEHESHT 1353.

ANTENNA SEGMENTS 25 ORDIBEHESHT 1352 25 ORDIBEHESHT 1353
N % N %
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In 1352 the water temperature was only 7.0 € on 25 Ordipehesht and the
amphipod population was just beginning to copulate and reproduce. No
evidence of previous reproduction was in evidence. In contrast, in

1353 the water temperature was up to 17 C on 25 Ordibehesht and the
amphipod population had already been cbserved in copulation as early

as 6 Ordibehesht when the water temparature was 2 C, Thus it is obvicus
from the data that 2 generations were present on 25 Ordibehesht 1353,
the first new generation aof 53 as: wvell as "overwintering'™ adults.

The new generation having 14 - 19 antenna segments and the overwintering

adults 20 - 30 antenna segments.




TABLE THIRTY. COMPARISON OF AMPHIPOD ANTENNA SEGMENTS FROM NEUR LAKE
SAMPLES WITH THESE TAKEN FROM TROUT STOMACHS ( 10 MORDAD 1353).

ANTENNA SEGMENTS LAKE SAMPLES TROUT STOMACH SAMPLES
o N %
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Our lake substrate samples at this time indicate the entire population
consistas of only the second generation of amphipods; however, the trout
stomach samples indicate the entire population consists of only the
adult segment of the population. If the population had very many adults
emaining in the population they would have shown up in our substrats
samples, or should have. This leads us to two pessible conclusions: 1)
The adult amphipods are now found only in the pelagic zones of the lake
outside our sampling stations, or 2) The trout have cropped off vittually

all of the adult segment of the population so that anly young remain.




TABLE THIRTY -ONE. COMPARISON OF NEUR LAKE AMPHIPOD ANTENNA SEGMENT DATA
WITH TROUT STOMACH ANTENNA SEGMENT DATA, 9 SHAHRIVAR 1353.

ANTENNA SEGMENTS LAKE SAMPLES TROUT STOMACH SAMPLES
N % N %
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Several interesting points come to light when this data is compared

with the data from 10 Mordad 1353. The lake samples show a much wider
range of amphipods of different sizes in the population in Shahrivar

than in Mordad, indicating two things, first that the oldest members

of the sacond generation are growind quite fast and sscond that natural
reproduction in the amphiped population is probably still goinS. One
However, comparison of the trout stomach sample data from Shahrivar with
Mordad indicates that the first generation adults are now becoming

very scarce and the trout are having to prey upon much smaller and younger
amphipods than they were in Mordad, although a few 1st generation adults

s5till remaine.




TABLE THIRTY=TWO, COMPARISON OF NEUR LAKE ANTENNA SEGMENT DATA FROM
AMPHIPODS WITH ANTENNA SEGMENT DATA FROM TROUT STOMACH SAMPLES, 3-5 MEHR 1353.

ANTENNA SEGMENTS LAKE SAMPLES TROUT STOMACH SAMPLES
% N o
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Comparison of this data from early Mehr 1353 with the data from
Mordad and Shahrivar 1353 reveals sone striking differences, First of
all it appears that natural reproduction of the amphipods has stopped
for this year as there are no amphipods in the sample with less than
10 antenna segments ( 1st instar amphipods have 6-7 antenna segments).
Second, predation on the amphipod population by thetrout is presently
probably cropping off the greatest percentage of the biomass of the
amphipod population as compared to any time during the past 12 months.
All 1st generation amphipeds ( adults) have now disappeared from the
population (both in the substrate samples and in the trout stomachs)
and the trout are feeding only upon the 2nd generation amphipods.
However, it must be noted that at this time the trout (SC% of them)
were feeding exclusively on leeches and as a whole the amphipods made

up a very insignificant portion of the trout diet both in numbers & bicmass.




TABLE THIRTY~ THREE. COMPARISON OF AMPHIPOD ANTENNA SEGMENT DATA FROM
NEUR LAKE AND TROUT STOMACH SAMPLES s 3 = 5 ABAN 1353,

ANTENNA SEGMENTS NEUR LAKE SAMPLES TROUT STOMACH SAMPLES
N % N %
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Our data at this time indicates that pressure on the amphipod population
by the trout is minimal, for two reasons. First, the trout are again
selecting only for the physically larger portionof the population and
second, at this time more than 95% of the trout's diet consists of
leeches. Less than 10% of the trout stomachs examined had any amphipods
in them at all. Of those 10 trout with asphipods in their stomachs, most
of the bolus consisted of leeches and other items. Only about 1% of the

trout stomachs examined contained exclusively amphipods,




TABLE THIRTY- FOUR., STATISTICAL EVALUATION OF NEUR LAKE AMPHIPOD
POPULATION DATA FOR 1354,

N Actual Bounds of
T Value T Value

17 Ordibehesht 346,15 13 :0.61&58 T 70< TLT 80
1 Khordad 256,67 e 1. 192 T 80< T<7T
15 Khordad 189.09 B :1.096 T 80< T<T

17 Ordibehesht 346.15 1

S0
90

1 Tir 210 1 2 e e +0.¢ 3429 mmmcceT 6O<T<T
15 Khordad 189.09 1

70

i 12 2 LG9 memcnenes T g
1 Tir 210 ‘T;:”.—:‘i‘ 39 T.99< <T'995 b
X Mkl
3 i i o 1143 1 o e e e :2.2‘3:0 T.97§<T<T.990
17 Ordibehesht 346,15 1

1 Mordad 1310 ; $O oL T <T«£T
s«‘,-a"'—"" «60 -
15 Ti 1143 ™ :

70

15 Mordad 1483 e :O.?B‘lS—w—-— T o TEY

«70 8o

15 Tix 1143 s U

15 Mordad 1483 1 re e 30.8757---- T‘so(. T(T.
1 Shahrivar 1175 1h -~

1 Shahrivar 1175.71 ey £10539 1 T
16 Shahrivar 818.57

26 Mehr 425,71

90

S0 €T LT 95

NOTE:(**) Statistically significsabk at P = 0.05 oxr less.




TABLE THIRTY=~ FIVE. STATISTICAL EVALUATION OF NEUR LAKE AMPHIPOD
POPULATIONS ON SIMILAR DATES BETWEEN 1353 AND 1354
FOR SIGNIFICANT DIFFERENCES,

N X T Value BOUNDS ON

T VALUE

21 COrdibehesht 1353 605

T agS Tt 8T

S0

17 Ordibehesht 1354 346,15

21 Ordibehesht 1353 605

1 Khordad 1354

256,67

<T<T

T.99 995

10 Mordad 1353

1 Mordad 1354

1201.92

1310

T_ _LT<T

«70 80

10 Mordad 1353

Mordad 1354

1201.92

1483

o £7T <:31

%3 80

Shahrivar 1354

Mehr: 1353

818057

626.67

T.?0< 2 <T.8O

26 Mehr 1354

3 Mehr 1353

425,71

626.67

Ve -
26- Mehr 1354

3 Aban 1353

T.66;>O.1425

NOTE:(**) Statistically significant at P

= 0,05 or

iess,




TABLE THIRTY-SIX. STATISTICAL EVALUATION OF NEUR LAKE AMPHIPOD SUB~-
POPULATIONS FOR STATISTICALLY SIGNIFICANT DIFFERENCES
IN PCPULATION DENSITIES IN DIFFERENT AREAS DUE TO
HABITAT DIFFERENCES.

DATE STATION N 2 T VALUE BCUNDS ON
SAMPLES T VALUE

17 Ordibehesht 2 = 3 A I54e43

T.00< T« 1T.90
17 Ordibeshesht 92.C0

17 Crdibehesht 351.43

e 10
17 Ordibehesht A 340,00

15 Xhordad A 217.14

T.00 < T < T.95
+ 15 Khordad 120,00 :

15 Khordad 217.14
.90 < T € T.99
- 15 Khordad 1 80,00

236,67
Te90 < T << T.95
102.86

236.67
0.5538 T.70< T~ T.80
183.33

885.71
0.5775 T.70<< T <0 T.50
1345.71

835.71
T.70< T< T.80
1400

Mordad 1968.57
T.80< T <L T.0
Mordad 1608.57

1968.57

651.43




TABLE THIRTY=~SIX., STATISTICAL EVALUATION OF NEUR LAKE AMPHIPOD SUB=

POPULATIONS FOR STATISTICALLY SIGNIFICANT DIFFERENCES
IN POPULATION DENSITIES IN DIFFERENT AREAS DUE 7O
HABITAT DIFFERENCES., FOR YEAR 1354.

SAMPLE N X T VALUE BOUNDS ON
STATION T VALUE T VALUE

15 Mordad
15 Mordad
15 Mordad
15 Mordad
1 Shahrivar
1 Shahrivar

Shahrivar

Mehr

Mehr

2 -84

0.7627 T.70 < T < T.80
2-88B )

2=-8a

T.95 <T < T.975
1,9=1kA

2 =8 A
T.80 < T £ T.90

2 -8B 1222,86

2 -84 1714,29

s} - =3 § ] =g f om0 =3 )]

1,9=14A 637.1k

2 -8 A 948.57

+ 0.9772 2o ST CT
1,9-1L4A 688.57 - =48 e

[
940 e 57

+ 0.4102 T eo<T < 2

R
e 70

+ 1.9970 ST T

«975

g
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GENERAL NOTES ON AMPHIPOD DATA FROM 2 TIR 135k,

The stomach analyses data indicate that more than 99 % of the food

consumed by the trout at this time was amphipeds. Once again they were
feeding upon the oldest and largest (physical size) segment of the
amphipod population. No mature amphipod eggs or gravid females were
observed from this sample. A second generation has obviously been
produced during a few days prior to 2 Tir 1354 from the number of
immature amphipods present in the samples both in the main lake and

in the mordab. This undoubtedly means the population produces at least
three generations ammually, perhaps evem four or five. The data taken
together indicates that the trout are removing almost all of the older
amphipods in the main lake from the population soon after maturity and
successful rerseduction, yet the population levels do not seem to be-
diminished in comparision with last year., This could indicate that either
the fecundity of the amphipod population in the main lake has increased
or that fecundity of the population is depressed in the mordab vhere a
large portion of the population is comprised of sexually mature individuizls

(82% of the population with 23 or more antemna segments).
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NEUR LAXKE, MISCELLANEQUS THOUGHTS ON THE ECOLOGY OF THE AMPHIPODS,

THE AMPHIPOD POPULATION IS DEFINITELY MORE DENSE ON THE WINDWARD SIDE
OF THE LAXE THAN THE LEEWARD SIDE. ALLO@THANOUS MATTER COLLECTS ON THE WIND=
WARD SIDE THEREBY INCREASING THE FERTILITY AND THE PRODUCTIVITY OF THAT SIDE
OF THE LAKE, NATURALLY THE AMPHIPODS CONGREGATE THERE AND THE POPULATION o
IS MORE DENSE, THE FOOD IS BETTER AND THE HABITAT IS BETTER, BOTH IN RESPECT
TO LIVING SPACE AND COVER FROM PREDATIOK BY THE TROUT.

DESPITE THE FACT THAT THE BIOKASS OF TROUT IN THE LAKE IS PROBARLY
ON THE ORDER OF I 300 PERCENT GREATER TEAN LAST TEAR, HONETRELESS THE
AMPHIPOD POPULATION IS AS DENSE OR MORE SO THAN LAST YRAR AT THIS TIME,
NOT ONLY IS IT MORE DENSE BUT A GREATER PORTION OF THE POPULATION IS MADE UP
OF OLDER AMPHIPODS THAN AT LAST YEAR IN MORDAD, THIS PEENOMENON IS UNDOUBTEDLY
DUE TO THE PACT THAT THE WATER IS ZIXEXEJ 50 - 70 CM LOWER THAN LAST YEAR
WHICH EAS PERMITPTED A MASSIVE GROWPH OF AQUATIC VEGETATION AND FILAMENTOUS
ALGAES TO DEVELOP IN THE Lixke DUE TO THE SEALLOWER WATER TEHAN LAST YEAR.
IN TURN, THIS DENSE GROWPH OF ALGAE AND ROOTED AQUATIC MACROPHYTES HAS PERMITTED
-TO AMPHIPODS (OLDER SEGMENT OF TEE POPULATION )70 LIVE WITH LESS CHANCE OF
BEING CONSUMED BY TROUT,

IN THE MORDAB WHERE THE POPULATION DENSITY HAS GONE UP 70 ALMOSY
30,000 PER SQUARE METER ON THE AVERAGE WITH THE MAXTIMUM OBSZRVED AT STATION
SIXTEEN WHERE IT WAS OVER 60,000 PER SQUARS METER IT IS DUE MAINLY TO THS
DRYING UP OF THE MORDAB. AS THE WATER DRIES UP AND BECOMES SHALLOWER THE
PRODUCTION OF ORGANIC MATTER BECOMES SO DENSE AND EXISTS OVER A VERTFTICAL
DISTANCE OF 10 - 20 CHM OR MORE, SUCH DENSE POPULATIONS ARE POSSIBLE, THIS
PHENOMENOR MIGET BE CALLED THE WSETSCRAPER: EFFECTY, WHERE THE POPULATION
ACTUALLY DEVELOPS IN SEVERAL LAYERS FROM STRSTRATE UPWARDS. THIS IS neT
POSSIBLE IN THE MAIN LAXE AS TEE COLUMN OF ORGANTC MATERTAL TS BUT 4 FE®
CENTIMETERS IN THICENESS IF AT ALL MORE THAN UNIPLANAR, WITH SUCHE GREAT :
POPULATIONDDENSITIES OBSERVED IN THE MORDAB HOWEVER, I? APPEARS THET NO
LIMIT HAS YET BEEN. REACHED. IN THE.POPULATIOK. DENSITY WHERE NATURAL POPULATION
CONTROL: MECHANTSMS PAKE EFFECT THROUGE DECREASEN FECUNDITY OR OTHER
HMECHANISMS,

THIS YEAR THE MORDAB HAS DECREASED IN TOTAL AREA BY MORE THAN
X¥ 50 PERCENT OF ITS AREA. BECAUSE OF THIS DECREASE IN ARZA AND THE
FACTTHAT THE AMPHIPODS ARE MOBILE (CAPABLE COF ESCAPING DESSICATION)
THE POPULATION IS NOW CONCENTRATED IN AN AREA ONE HALF THE NORAML

SIZE Or THE MORDAB, THUS CONTRIBUTING TO THE ALMOST UNBELIEVEABLE
DENSITY OF AMPHIPODS IN THE MORDAB.
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TESTS ON NEUR LAKE AMPHIPODS FRO 355

1) Have Yanyavi codlect 100 or s0 amphipods each day from the laks with
the plankiton net, both from the main lake and the mordab and store tham.
in formalin as & check on the fecundity diffsrences in tha two
populations

Egquipment needed, ¥) Plankion net 2) Formalin 3) Sample vials

This should tell the story as to whethsr not not even mating is

inhibited, or that mating oweurs but some other mechanism in the
population prevents the eggs from either hatching, or ths adults
perhaps prey on the young when the populatkion is very dease as
it is in the mordab,
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$) ONLY ONE GENERATION OF AMPHIPODS WAS PRODUCED IN NEUR LAXE PRIOR TO
THE INTRODUCTION OF TROUT IN %973, I.E., ONE GENERATION PRODUCED
PER YEAR,

SUPPORTING EVIDENCE
1) GRAPHS COMPARING MORDAB & MAIN LAKE FOR ¥354 CLEARLY SBOW THERE.
was NO NATURAL REPRODUCTION IN THE MORDAB UNTIL MID TIR 1354

2) The comparison of the population structure from the main lake

in Ordibehesht over the past three spyrings showss

a) in Ordibehssht 1352 { no fish present) there was no gensration
produged in Ordibehesht

b) In Ordibeheshi 1353, in the presence of 5000 rainbow trout, a very
small pulse was produced in the populatioa

¢) In OrdiBshesht 1354, in the face of predation by 200,000 rainbow
trout welghCing 300 grams each, & massive pulse is produced in
the population on the malin laks, but not ia the Mordab,

2) AFTER INTRODUCTICN OF 200,000 RAINBOW TROUT, TWO GENERATIONS ARE
PRODUCED EACH YEAR.

SUPPORTING EVIDENCE
a) GRAPHS OF THE MAIN LAXE POPULATIOR SHOW VERY PLAINLY TWO PEAKS
OR GENERATIONS PRODUCED, ONE IV ORDIBEHESHT AND ANOTHER IN TIR

ADDITIONAL NOTES:

The mordad populatiom is apparently inhitited by the absence of of predation
and the extremely dense population levels (together with poor environmental
conditions - cold water, no algas bloom, etc) no natural reproduction occurs
until the oldsst and largest adults in the mordab population bsgin to die: off,
When this occurs; the smailsst and slowest maturing segnent. of the population
no suddenly matures, matey and the first generatlon of young is produced,
EXACTLY in coincidence with the SECOND generation in the main lake,

CONVERSELY, the main lake population, in the face of intense predation
an abundant foos supply, and dwindling numbars, produce a very large pulse
in the population in 1354 in the spring of the year.

The mordab population, although under no predation from trout or any other
predator, onse natural reproduction has occurrsd, the adult amphipods rapidly
isappear from the population, Just as fast as the adults in the main laks

are eaten b the trout; howsver, in the mordab they dis of old age rather
than as food for the trout,




Cabies: Eavirenment
Tehran « Iran
P, O. Box 1432

%yﬂé s oped

-

7

(7 -
%:ax&wcwpuwaz{d / COvredevercaticrz

DIRECT COMPARISON OF THE MORDAB AND MAIN LAXKE POPULATIONS FROM 1354,

From 17 - 20 Omdibehesht 1354 the 1st gensration has already been produced”
in the main lake, yet no reproduction has occurred in the mordad population,
By ¥ = 3 Khordad 1354 the main lake population has become almost exclusdvely
Tst generation wilth no overwintering adults remaining, yet in the mordab only
overwintering adults are presenit, By 15 - 17 Khordad 1354, the Ist generation
fror the main lake jas literally caught up with the youngest and slowest
maturing sefment of the overwintering population of arphipods in the mordab,
Two peaks in each population coincide almost exactly, the fewsr antenna ;
segment group in each plopulation being the females and the greater antenna
segment peaks being the males, However, & very dense population offsenile®
(Scenesent) amphipods still comprises the majority of the mardab population.
Thus, by 1 Tir 354, the main lake population has not only saught up with

the mordab population, it hes actually PASSED THE MORDAB PCPULATIONY The

2nd generation produced. in the main lake is astually larger and produced
earlier than the 1st genseration fromthe mordab. As can be seen from ths
graps between opdibehssht and Tir for 1354, the mordab poruiation

actually regresses ,1.e,, the number of antenna segnents found in the
populatidn mea acttuall decreases in numbsr through Xhardad 3nto Tir

as the scenesceni protioy of the population dies and the slow maturers

grew up and breed , producing the Ist ganerstion, and the ONLY generation




GENERAL NOTES ON AMPHIPOD STATISTICAL EVALUATIONS

1) Data indicates greater population densities with increasing densities
of vegetation & detritus ( Food and habitat).

2) Population densities decrease with increasing depth but not statistically
significant,

3) In Ordibehesht, Khordad; Tir, before the vegetation blooms, there are
no statistical differences in population levels between east and west
shore populations of the lake,

L) Until the amphipod population "booms" in Tir, the trout do not feed
heavily on the amphipods.

: A 2 &
5) When the amphipod densities fall below 100/m , trout do not feed on them
and seek out ther sources of food.

6) There are no statistical differences of consequence between this yearfs
populations and last year's.

7) The amphipod population structure is drastically different this year
than last year ( especially after the population booms and the second
generation hag been produced. Many more adult amphipods are presemt

into Mordad and Shelirivar thi

8) Population data for statistical analyses in many cases are biased on
the high side as far as statistical evaluation is concerned as the
zero data points are discarded since the zero data points cannot ba
easily & properly handled statistically.




Thoughts on Neur Lake Amphipod report for 1354

1) All of the amphipod data from this year indicates that the amphipod
population was about one mbnth advanced in its development this year

all the way from spring throught fall of this year. The weather cpnditions

this year also support that such a phenomenon is natural with the decreased

water levels, increased aquatic vegetation growth, etc, together with less

effécient (?) predation by the trout since they are very large and unable

to manuveur and feeding effectively and efficiently in the shallow water.
However, if water temperatures strictly control the time of first reproduction
each spring {together with daylength ) then Ordibehesht data collected

over the past three years does not cerrelate with population trends in
relation to temperature., For Example, in 1352 the water temperature was

only .7 C on 25 Ordibehesht 1352, Conversely, on 25 Ordibehesht 1353

the water temperature was 17 C. Yet, the population structure between

1352 and 1353 varied hardly at all despite the wide fluctuation in
temperatures between the two perieds. In 1354 { 14 - 20 Ordibehesht)

the water temperature was 9-10 C over a one weesk period, yet, our amphipod
data indicates that the populaticn reproductéd much earlier this year than in th
the previous two years yet the water temperatures were intermsdieats

betwaen 1352 and 1353, Is it possible that the trout have induced the

amphipod population to reproduce at an earlier time?

There can be no doubt whatseoever, that the trout cropuved off the adult
amphipods from the population this past spring much faster that they -
disafipeared from the population in the two previous years when trout
predation was either at a minimum or nonexistent ( no fish in 1352, only
5000 trout in 1352 - the last six months and 1353 #p until 25,2 , 1353).
This undoubtedly depressed the population below prepredation levels at
similar tome periods in Ordibehesht 1362 and 1352 as compared to 1354,
However, once tha sacond generation was produced this Year, no significant
decreases in ponulation density was observed this year compared to similar
time pefiods last year. However, as was stated above the development of
the population this year appeared to he 2 - 4 weasks ahead of last year

timewise throughout the entire summer.




bl

) V/ 7 /s ‘
%ﬁ?@m{ / Lo gﬂvﬁzlw@ﬁzw%f
'.9-5 ﬂ %f& 7450 .%ZMM, ._ﬂzn %% ggzw'km-ﬂ»/;/

Notes for Neur Laks Studies for the Remainder of 1354

and into 1355.

1) Attempt at spawning those trout that congregate at the big spring at
NE corner of the lake this winter. Possible to collect 20-40 million
eggs from the lake if 5,000 to 10,000 trout congregate at the spring
again this winter. Eggs could bes sold to Ousia this winter for marketing

at his perogative.

2} Incubate 1-2 million eggs at the big spring in covered egg trays
constructed at the lake and stoc k <a with these fingerlings

rather than pruchasing 5% IXEGRE fingerlings from Ousia.-
Eggs can be flown out af the lake to Tehran in the Heliocourier.

%) Is there any segregation fo large and small trout into differnet

feeding niches and differnet habitats in the lake in 1355 when we have

to very large age classes of trout in ithe lake.? Do the big trout

occupy the pelagiw zones of the lake and feed more on amphipods found ithere
than in the shallows? Amphipod population densities and population structure
from 1354 vs, 1353 indicates that the amphipods were more abundan -this year
than last year and that the amphiped populatioen structure this year was
skewad more towards older individuals than last. This indicates that

perhaps the small trout last year fed more actively in th

probably even put more pressure on the amphipod population last year

than the big trout did this year, even though the biomass of trout in the
lake this : times as great as last year. To test this hypothesis.
set large and sm ol th shallow and pelagic portions of the
lake next year same number of meters of a2ach) to check for intraspeci
segregatior differnent feeding niches and different ha e Stom

samples should also be collected,




AMPHIPODS FROM SUBSTRATE SAMPLE

AMPHIPODS FROM TROUT STOMACHS

AREA OF OVERLAP BREIWEEN LAKE
PCPULATION & TROUT PREDATION

FREQUENCY OF OCCURRENCE IN THE SAMPLE
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FIGURE ONE. SELECTIVE PREDATION BY TROUT ON NEUR LAKE AMPHIPOD POFULATION, NEUR LAKE, 14=-20 ORDIBEHESHT 135k
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mums: WO, COMPARLSON OF NEUR LAKE AMPRIPOD POFULATION WITH AVPHIPODS
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 FIGURE = NEUR LAKE AMPHIPOD DATA, 2 TIR 1354
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AMPHIPODS FROM NEUR LAKE

AMPHYIPODS FROM TROUT STOMACHS

AREA OF OVERLAP DETWEEN THE LAKE
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AMPHIPOD ANTENNA SEGMENT DATA, 1 « 3 MORDAD 2‘35"-&, COMPARISON OF MAIN LAKE DATA WITH
’ TROUT STOMACH DATA. ! : ‘ |
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FIGURE FIVE: NEUR LAKE AMPHIPOD ANTENNA SEGMENT DATA,
15~ 17 MORDAD 135k, COMPARXSON OF DATA
FROM THE MAXN LAKE WITH TROUT STOMACHS

_MAIN LAKE AMPHIPODS

JrRoUT STOMACH AMPHIPODS

L WPAREA OF OVERLAP BETWEEN SAMPLES FROM LAKE
AND STOMACHS

FREQUENCY OF OCCURRENCE AS PERCENT OF i00
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11 FIGURE SIX, NEUR LAKE AMPHIPOD ANTENNA SEGMENT DATA, 1 - 3 SHAHRIVAR 135k
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| FIGURE .  NEUR LAKE ANTENNA SEGMENT DATA, 15 - 17 SHAHRIVAR 1354j COMPARISON PF THE ANTENNA
||| SEVEN. | SEGMENT DATA FROM LAKE SAMPLES WITH THOSE TAKEN
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_ FIGURE, .. . COMPARISON OF AMPHIPOD ANTENNA SEGMENT DATA FROM MAIN LAXE
| BIGHT. || yymy AMPHIPODS FROM TROUT STOMACH  ANALYSES ( 26 MEHR 1354)
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AMPHIPODS FROM MAIN LAKE

AMPHIPODS FROM NORTH MORDAB

¢ AREA OF OVERLAP BETWEEN THE POPULATIONS

FREQUENCY OF OCCURRENCE IN THE SAMPLE AS PERCENT OF 100

VTR e T SRR

FIGURE » COMPARISON OF GROWTH RATE OF AMPHIPODS FROM MAIN LAKE & MORDAB AT NEUR LAKE, 17 ORDIBEHESHT 1354
FIFTEEN,
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FIGURE COMPARISON OF NEUR LAKE AND MORDAB AMPHIPOD POPULATIONS
SEVENTEEN. i5 « 17 KHORDAD 1354, ‘
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NEUR LAKE AMPHIPOD DATA, 2 TIR 1354
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FIGURE AMPHIPOD ANTENNA SEGMENTS DATA 1 = 3 MORDAD 1354, COMPARISON BETWEEN THE
NINETEEN. = MAIN LAKE AND THE MORDAB ‘ ~
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FIGURE : NEUR LAKE AMPHIPCD ANTENNA SEGMENT DATA, 15-17 MORDAD 1354
TWENTY.
COMPARISON OF ©DATA FROM MAIN LAKE WITH THE MORDAB
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FIGURE _ COMPARISON OF NEUR LAKE AMPHIFOD ANTENNA SEGMENT DATA FROM 10 MORDAD 1353
TWENTY=ONR, | ||| 1H AT | i L
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| || FIGURE TWENTY-FOUR. NEUR LAKE AMPHIPOD POPULATION LEVELS - 135k (1975)
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e MAIN LAKE AMPHIPOD POPULATION 1353
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MAIN LAKE AMPHIPOD POPULATION

i _ o e i G MORDAB AMPHIPOD POFULATION

A" INDICATES A SUBATATIONS IN MAIN LAKE
Pt INBICATES B SUBSTATIONS IN MAIN LAKE

4
SRR

>

T

s
B :>“'T\’
k

L
ORDIBEHESHT " KHORDAD MORDAD " SHAHRIVAR




