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The following report presents results of a study of juvenlle
fish mortality conducted in the Annapolis River from 23 August to

30 October, 1885. The purpose of the 1885 fisid season was to
determine which speclies were present In the headpond and the
possible environmental cues which may cause <their downstream
migration. Attempts were alsoc made %to determine the fishes
downstream .route, optimai dally movement time and preiiminary
mortallty estimates. Thus insight 1Into hcw a large scale
capture-~tag-recapture mortality study may be conducted in the
fali of 1586 will be gained. The fclliowing presents the results
of thls two-month fleld season as well as analysis and

interpretation of those results.

jteo < Inti

The first phase of study was conducted in the Annapolis
River and Estuarine system. Four stations in the Annapolis Rliver
and Headpond were chosen wlin accessibility, sSubstrate and
previous fishing records as criteria (Daborn et al. 1984).

Station 1 was located approximateiy 50 m downstream frem the
Dunromin Campsite Wharf (Flg. ). Statlon 1 was bounded on two
sides by rock ridges and had a gravel substrate. The outward
boundary was marked with a buoy at 1 1/2 m depth at low tide. At
lew tide the seine could be set in ful! with both ends Just
reaching shore.

Station 2 was directly across the headpond from Station 1

(Fig. 1). It had a mud substrate with Spartina spp. growing on
its shoere. The cutward bouncary was agaln marked at 1 1/2 m
where the seline could be set In full at low tlide. There was a

smaii tributary just seaward of Statlion 2.

Station 3 was approximately 8 km upstream, at the mcuth of
Evans Brook (Fig. 1). The substrate was sand and as at Stations
1 and 2 the selne was Jjust fully set at low tide.

An additional station (4) was sampled from 20 September
onward. This station was located In the cove between Dunromin
Campslte and the causeway and had a sand substrate.

The second phase of the study was conducted at the Annapolis
turbine and flishway. Bottom nets (1,2) were placed approximately
250m below the turbine and two Ichthyoplankton nets (3) were tiled
on the seaward boom below the generator. ‘One net was placed In
the old fishway (4) next to the slulice gate while an other was
placed In the new fishway (5) next to the turbine (Flig. 1).
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Methods

Phase I consisted of a total! of 224 shors seines which weres
cempieted from  the 27 August to the 13 October. These were
fished at Statlons 1-3 and at Stations 1-4 af+ter 20 September.

All the seines were fished In the same manner. At low tide
one zerson walked the seine around while the other person fed net
out from shore. At high tide one person anchored one end of the
seine while the other set the seine from the Zodlac. All seines
were set so that the bag at the back of the seine was at 1 1/2 m
depth at low tide. Then with each person takling a wing the net
was walked in. Fish were sorted, identified to species, measured
and resleased or preserved. All alosids were preserved as well as
representatives from each species caught.

"hase 11]: between 25 September and 20 Cctober fish movement
was monltored through both fishways and the turblne. Four 1=
metrs dlameter plankton nets and two 1-metre diameter bottom nets
were used. The two botiom nets were hauled at low tide once a
day from 25 Septesmber untl!i 14 October; at this time they had to
be removed due tc severe decay of the net material.

One plankton net on a im wide neuston net frame without
buoys, was set in each fishway. Preiiminary trials showed tha+
optimal fishing cccurread at approximately 1-metre depth In each
fishway; accordingly each net was sunk to that depth.

The other two nets weres set on the seaward coom during

generation. These nets had 1 m diameter circular frames and
samp | ad In the top metre of water. A buoy was attached to the
top of each frame to ensure constant sampling at this depth. Oon
two occasions a net was sunk to the bottom to determine 1I¥f
catches were comparable throughout the water column, thus
ensuring that the two nets were sampling representatively the
flsh population moving through the turblne. Nets were also

rotated from the fishway to the turbine to ensure that neuston
net frames sampied with the same efflclency as circular net
frames.

The sites were glven the following numbers: 3 and 3B were
the nets set below the turbine while net 4 was set In the old
fishway and net 5 was In the new fishway (Fig. 1). Nets 3 and 38
were set first Just as generatlion began and were hauled Just

before generation stopped. Ail fish were then removed and the
nets reversed on thelr frames; thls reversal helped clean the
nets and prevent plugging of the mesh. Net 3B had a two-iltre

dead water bucket while net 3 had the conventional plankton
bucket.

Nets 4 and 5 were set after nets 3 and 38; they were aliso
hauled after 3 and 3B and thelr contents sorted. A photographic
record was Kkept together with a recorded discription of the
number of fish caught, the number of alosids and the amount of



damage each sustalined. The samples were then frozen or preserved
in formalln except for 88 alosids which were sent fresnh to the
Fish Health Center at Fisherlies and Oceans in Halifax. Autopsies
were conducted o©on these fresh fish and later on the remaining
frozen and preserved fish.

Fish were ldentlfled, measured and exam!ned both Internally
and externally for damage. Autopsies took approximately two
weeks to complete and the majority of them were complieted at the
Fish Heaith Center under the supervision of the bioclogist there.

Results

Seine Survey

Twenty-three species of fish were capturad during the survey
(Table 1).

At the beginning of Phase | seine collections weres taken at
2-hour Intervals for a 24-hour period to give an optimal fishing
time estimate for a dlurnail cycile. The resuits of these seines
are shown on the optimal fishing time graphs for Stations 1 and 2
(Flgs. 2,3).

It was found that Menldia menidia and stickiebacks
(Gasterostelidae) occurred in high abundance eariler In the day
than the majority of other species. Thus when thelir numbers are
subtracted from the total fish catch the optimal fishing time
became later In the evening by approximateiy two hours. The
alosld catch for Stations 1 and 2, which conslsted malnly of
yearling alewlves peaked In the late evening. Tidal! phase does
not appear to affect optimal fishing time.

On 17 September an extremely large number of alosids was
collected at Station 3. Flg. 4 shows the selne times and the
amount of each of the three alosid speclies that were sampied.
The majority of these alosids were 1985 Juvenilies.

Mean catch per week and standard error (standard deviatlion
divided by the square root of fishing effort) of aloslids over the
perlod 27 August to 19 October peaked In mid-september and early
October (Flg. 6-7). The standard error is also shown. The catch
was grouped weekly Instead of dally because of the variablllity In
catch-effort between days. Selne collections were made outside
optimal fishing time as well as within to ensure that an accurate
representation was belng made; hence the vartabllity. (For
example: on one day ten seines were fished with two selnes 1In
optimal fishing time, and a total alosld catch of 5; the next day
two selnes were done both of which were In optimal flshing time
and agaln the total alosid catch was 5.) All selne hauls are
represented and therefore optimal fishing time iIs not taken into
account.
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Lengths of the following fish speclies were recorded; Alosa
SQDi_i§§imi __Algﬁi pseudoharengus,_ Alosa aestivalis, Clupea

saxa;llls, Ww, Pollachlas virens and

Osmerys mordax.

Length/frequency distribution for the alosids and Clupea
harepngus Indicate that there was one year class of shad and two
of alewlfe and herring In the estuary during fall (Flg.8-11).
One hlistogram for each speclies Is from the selne samples (except
Clupea harengus which was not caught In the seine) while the
other Is from the turbine catches. Note that for shad and
blueback herring the seine In which the majority were caught
occurred on 17 September whereas the downstream run began on 18
October, thus giving a growth span of one month, In the Annapolils
Lower Rlver, upper headpond area.

The following table shows the mean length and standard
deviation for the other species:

Table 2:

Species Mean length (mm) Standard Deviation
Morone amerlcanus 185.1 (+) 62.1
Morone saxatills 509.6 (+) 22.4
Pseudopleuronectes americanus 107.3 () 53.5
Pollachlus virens 158.5 () 10.3
Osmerus mordax 123.4 () 22.8

Though all three specles of alosid Juveniles were collected
at Station 3, only one juvenile shad was collected at Station 2
and none were collected at Stations 1 and 4. Because of these
Intermittent catches, downstream migratlion could not be assessed
using the seine collectlons.

Turbine Study

Downstream migration was monitored with the plankton nets
used to monitor flsh passage through the turbine. Fish catch
from the turbine nets was plotted against the following physical
conditlions; river fiow (recorded at Lawrencetown), salinity (at
Station 1), water temperature (for Statlons 1 and 3),
precipltation (recorded at C.F.B. Greenwood) and lunar phase
during September and October (Fig. 12).

To determine the dlurnal perlodiclty of downstream
migration, day and nlght studies were also made. Large
differences between day and night catches were apparent (Flig.
13). The daytime hours of 19 October were not fished.

11
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Nets were set In both fishways as well as downstream of the
turbline (Fig. 14) . Note that two nets were used to sample the
turbine passage while only 1 net was set In each fishway. The
nets downstream of the turbine together represnt a much smal ler
fration of the total cross-section area of the tallrace than does

each single net In their respective fishway. Consequently,
turbine fish passage Is underrepresented, compared with f Ishway
passage. By far the majorlity of aloslds captured were taken In
nets below the turbine. Collections were not made on the 5, 10,
11, 12, 25, 26 and 27 October. Nets were set in the fishways
every time they were set behind the turbine except on the 28, 29
and 30 October. On these dates they were not fished due to

damage In one case and the net sinking experiment on the other.

Flg. 15 shows generation time compared wlth turblne (3,3D)
fish catch.

Examjination of Flish

All alosids that were captured after passing through the
turbine were collected. Observations were made Immediately, then
flsh were preserved and autopsies performed later. Tables 3A and
3B show the results of these autopsies. Deflnlitions for the
pathologlical conditlons observed may prove useful:

Red Eye - hemorrhaging in the evye, al! cases had blood clearly
visible 1In the eye, some so severe that the pupil could not be
seen.

Blood on Operculum - blood distinctly visible on or followling the
arches of the peroperculum and suboperculum.

B lood In Pectoral Fins - blood distinctly visible In the rays on
the pectoral fin near the base of the fin.

Skull Damage -~ bone damage to the head caused by direct contact
with a solld object.

Decaplitation - head Is removed, not cut, always at the operculum
cavity.

Body Cut In Half - distinct slicing of the body, usually only 1/2
of the body was found; however in a few cases the cut extended
only halfway through the body.

Gas Bladder Damage (Pinhole and Burst) - small 1-2 mm diameter
clircular holes (termed pinholes) were found In some gas bladders.
The gas bladder was considered burst when It was obvious that the
membrane was completely ripped apart.

"Brulses" - these Included damage anywhere on the flsh except the
skull,where the body made contact with a solid object. The
bruises were not Just areas of burst blood .vessels but were
scrapes, scratches and open cuts, they were not caused by

20
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y

f pressure. These bruises were not always found to be fatal.

‘Symptoms such as bulging eyes, missing eyes and burst eyes, whlch
were probably caused by pressure are included In this category.
Eyes which were bulging or burst alsc exhiblted red eve.

Discusslon

The optimal fishing time occurred between 1800 and 2300 for
all fish and between 1800 and 2400 for fish excluding Menidla
menijidia and Gasterostidae (Fig. 1,2). It was observed that
optimal fishing time varied with lunar phase by approximately one
hour (On a full moon cptimal fishing time occured one hour later
then on a new moon). This suggests negative photosensitivity.

The large catch of alosid juveniles on 17 September occurred

during optimal flshing time (Fig. 4). Sampies were collected
every 1/2 hour starting at 1845 and contlnuing to 2235 with a
flnal seine at 2325. Sunset on the 17th occurred at 19CO0. The
Juveniles moved Inshore and were jumping out of the water for
approxlimately 1/2 hour. It Is Interesting to note that shad
Juveniles were recorded first, 30 minutes before the bilueback
herring and they were also the first tc decline in number. The

majority of Juvenliles caught at Staticn 3 wers caught around
sunset; 1800 + 1 hour depending on cloud cover. Furthermore, the
only Juvenile caught In a seine in the headpond (at Statlon 2 on
the 18 Cctober) was captured at 1850. This coincides with
O’'Leary’s obseratlions of the dally movement peak for Amerl!can
shad outward migration (O'Leary 1984).

A slight decline In weekly mean catch over the two month
pericd can be noted. A large decline at Station 3 occurred
following the large catch on the 17 September. However, because
of varlablllty 1In sampling effort, schooiing of fish and
Inabllity to account for optimal fishing time, no patterns can be
solidly defined. The graphs do give an idea of overall aloslid
catch and deflnltely show how varlable these catches can be.

Lengths were recorded for the aloslids and other species of
commercial value, to provide length frequency estimates for these
flsh populations, or at least the inshore populations. A growth
rate estimate can be made for both shad and blueback herring by
comparing the fish caught on 17 September with those caught
passing through the turbine from the 17 to the 29 October. There
Is approximately 30 mm difference between the length modes of the
two shad catches, and 35 mm between the blueback herring catches.
The only shad caught in a selne In the headpond had a length of
86 mm, on 19 September. This would seem to support the growth
estimate. It Is apparent that the shad caught in the turbine and
the shad caught In the seines (with the exception of 1) were
Juvenllies of 1985; this holds true for the majority of the blue-
back herring catch as well.
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This Is not the case for the alewives. The maljority of

alewives samplied were In fact cone year colds (Fig. 10A) . This Is
largely because these fish were caught regularly over the seining
time period at Staticons 1 and 2. There seems to be a large
feeding population of alewlives In the headpond. The alewife
turbine catch histogram (Fig. 10B) shows a fairly constant size
catch from 85 mm to 147 mm. There |Is no large peak as In the
shad and blueback herring. Thus alewlves may not have the large
spawning population the other two speclies have. It may alsc be

that alewife Juvenliles ran downstream before the 25 September.

The data suggest that there Is a fairly regular movement of
feeding one year old alewives from the headpond through the
turbine and back in agaln through the siulce gates. Further work
will have to be completed before this can be accurately assessed.

It Is Interesting that the Atlantic herring histogram (Fig.
11) is similar to the alewife histogram (Fig. 10). There are at
least two year classes moving through the turblne in *h!is case.,

Also of Interest Is the presences of Juvenile menhaden.
Menhaden were caught during the summer when work was in progress
on the adult mortality study (personat observation). The

presence of these Juveniles shows that there Is a spawning
population of menhaden, somewhere In Canadlian waters.

The lengths for other abundant commercial fish were also

recorded. There appears to be a very large population of
Juvenile winter flounder as well as a consliderable pcpulation of
rainbccw smelt. Young pollock were also colliected on a regular
basis. Both adults and Juvenile white perch were co!iected In
fairly large numbers. All the striped bass caught were three
vyears old. There |Is a very large population of striped bass
present in the Annapolis system and a better fdea of this

population size can be obtained by studying the +fishing log
recorded at Dunromin Campsite. No young-of-the-year striped bass
were collected.

It Is evident from the seining and turbine data that
although shore seines are useful In sampling the alosid Juvenile
populations upstream It is an Inefflclent means of sampling the
downstream migration. The Juveniles, once they begin their
downstream migration, do not venture inshore. The turbline nets
provide a much better representation of the downstream migration.

The downstream migration catch was plotted against flive

physical condltlons (Fig. 12). River flow, salinlty, water
temperature and precipltation are all Interrelated while lunar
phase Is Independent. The largest rainfal! was on the 15th and

second largest on the 10th. Riverflow Increased, temperature and
sallnlity, both of which were already on the decrease, continued
to do so, but more rapidly. No sampling occurred on the 9, 10,

11, 12 and 13 October, so that If there was a run of Juvenliles
caused by the rain on the 10th It was not sampled. However after
the large ralnfall on the 15 October colncident with the new
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moon, the juvenile alosid run began. Whether one of these
physical factors or the combination of all these factors together
caused the downstream migration remalns to be determined. The
largest number of fish moved through In the first three days and
by the 23rd the catch had declined to less than 100 per sample

perlod. Although the graph oniy shows alosid migration,
downstream migratlion of Anguilla rostrata (American eel) and
Petromyzon marinus (Lamprey) also cccurred.

The high peaks and sharp declines In the fish catch (Flg.
12) are due to diurnal fishlng differences. These differences
were clearly shown (Fig. 13). The data Indicate that the
majority of alosid Juvenile flsh movement through the turbine
occcurs during the night. This time perliod coincides with the
optimal fish time found from the selines. Thus, this also may

have interacted wlith the other conditions to result In the
extremely high fish catches during the first flve days of <the
run.

Downstream migration may peak during the generation cycle.

During preliminary net kill controls cnly 4 aloslids were caught
In the last hour of generation on 17 September. Studlies next
fileld season will provide an answer.

Flshway catch was compared with turbline ca*ch (Fig. 145 .
Less than 2% of the total alosid catch was collected in the
fishways. The flshways appear to play a very minor role In
Juvenile fish passage. Thls assumes that al! fish passing
through the flshway survive, although the assumption may be

lnvalid: at low tlide the water passing through the new flshway
drops approximately 2.5 m onto a flat rock. This could be fatal
to Juvenliie fish. Mortallty experiments on fish passing through
the fishways will be conducted next fleld season.

Flsh catch appears to be equal! throughout the night time
generatlon (Fig. 15). There may be a difference, but the run
occured over only flve days therefore It Is hard to draw a solld
concluslon.

A total of 1231 aloslids were caught after they had passed
through the turblne. Autopsies were performed on all of them
(Table 3A and 3B). Of the alosids sampled 3.6% were known to
have survived the passage and 23.9% were kllled. Total mortallty
may be higher than 23.9%, however It Is Impossibie at this point

to seperate turbine from handling mortality. Controls to
determlne handl!ing mortality, thus Increasing the accuracy of the
turbine mortality estimate will be preformed next fleid season.

Hemorrhaging Iin the eye could not be consldered a sigh of certaln
death (though It may wel! be), because one alosid with one eye
missing and hemorrhaging in the other was allve when the nets
were hauled. It Tived for approximately ten minutes. Brulses
may not be fatal but they do Inflict stress on the fish and will
also increase Its vulnerablllty to predators and Infection, thus
causing Indlrect mortality. As well, gas bladder damage may not
cause immediate mortallty but the fish will be Immobilized and
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die soon after Its gas bladder Is destroyed. Fish survival
trlals on fish with these different symptoms will be completed
next field season along with a large scale capture-tag-recapture
study.

Pressure Kkill makes up a large percentage of Juvenile
mortality; whether thls mortality figure will decrease with age,
or varies between body morphs (example: spiny flish vs. soft rayed
flish) remalins to be seen. Usually one fish had more than one
symptom - particularly red eye, blood on operculum and blood. In
pectoral fin rays. The majorlty of fish with gas bladder damage
also had hemorrhaging in the eye. One fish caught In the new
fishway had blocd on Its operculum, thus this symptom may only be
the sign of a stressful death; Iin this case perhaps net kil}.

Further study Into the causes and effects of these symptoms must
be performed to determine a ciear picture of mortality.

Mortallty appeared to be greatest with the alosids and

Clupea harengus. Ralnbow smelt and Atlantic silversides both
exhiblted mortallty due to passage through the turbine but In a

less degree than the aloslids. However, this 1Is only an
observatlion based on a relatively small number of fish and more
detalled analysls may prove otherwise. The American eel and
lamprey fared well through the turbine. Only two eels out of 26
were dead and their deaths may have been caused by suffocatlion In
the net rather than by the turbine. Not only are further net
Kill exper Iments necessary for alosids but for all species that

pass through the turblne. No striped bass, white perch or salmon
Juveniies were captured after passing through the turbline; thus
no mortallty estimates can be made. These specles will be
studied next fleld season.

Conclusion

The results from this fleld season glive some lInsight Into
the fate of juvenlle flsh in the Annapolls Estuarine and River

system. The aloslid Juvenlile downstream migration began on the
16 October and the majority of fish had passed through the tur-
bine within flve days. The five physical condlitions which may

have caused the downstream run all occurred before the 16th with
the largest rainfall occurring on the 15th and the new moon on

the 14th. Whether one of the conditlons or a combination of all
these conditlions caused the run remalns to be seen. Hopefully
the 1986 fleld season will provide more insight.

It Is clear that the majority of fish in the seaward migra-

tlon pass through the turbine with only a very small percentage
passing through elther flishway. The majority of fish also move
at night. Of the total number of fish passing through the tur-
bine 23.9% are estimated to be killed Immediately; 3.6% were
allve, 72.5% of the total mortality Is still unknown. Many
controls, as well as a large.scale capture-tag-recapture study,
need to be complieted. This will glve more accurate mortality

estimates.
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From the selining operation, It was observed that alosid

Juveniies may be negatlively phototactic. Further work on this
and other sensory studies are essential If a means to detour the
fish paths from the turbine to the fishway Is to be found. Work
will be conducted In these areas as well, If possible, next fleld
season.
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