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APPENDIX A



APPENDIX A

EQUATIONS
Equation 1. Mean of a water quality parameter in region r:
Py Pkr Mdkr
Woo- L P |1 L .
r n_ kr er Mkr idkr
k=1 d=1 .
i=1
where wikdr = water quality measurement for site i at depth d in

stratum k in region r

ndkr = number of sites at which medasurements were made at

depth d in stratum k in region r

. = number of depths at which measurements were made in

stratum k in region r

Pkr = proportion of the river volume of region r which is
contained by stratum k (bottom and channel strata

were combined for water quality analysis)

n_ = number of strata sampled in region r (strata are

shoals and channel)



fguatien 2. Mean of a water quality parameter for an estuary segment:

o]

where Wr = as in Equation 1
Pr = proportion of the river volume of the estuary segment
contained by region r
n = number of regions sampled in the estuary segment
Equation 3. Density estimate (number per 1000 m’) for tow i of
stratum k within region r during week (or biweek) w:
) 1000 (Cikrw)
ikrw Vikrw
where Cikrw - number of eggs, larvae, or fish captured in tow i of
stratum k within region r during week (or biweek) w
Vikrw = volume of water (m®) strained in tow i of stratum
k within region r during week (or biweek) w
Equation 4. Density estimate (number per 1000 m®) and its

standard error for stratum k within region r during week

(or biweek) w:

Mirw

dkrw - 1 Z dikrw

krw i=1




and

krw
2
E: (dikrw - dkrw)
i=]
N n,_ (n <1)
krw krw " krw
where d, = as in Equation 3
ikrw
Nerw = number of tows in stratum k within region r during
week (or biweek) w
Equation 5. Standing crop estimate and its standard error for stratum

k within region r during week (or biweek) w:

Nkrw = Vkr dkrw
and SE = (V, ) (SE )
Nkrw kr dkrw
where Vkr = river volume (1000 m?) of stratum k within region r
dkrw and SEd = as in Equation 4
krw
Equation 6. Standing crop estimate and its standard error for stratum
k in the entire river during week (or biweek) w:
12
Nkw = Nkrw
r=1
and

kw r=1

12
2
SE = SE
N 2. ( Nm)

where N, and SE . = as in Eguation 5
Rrw Nkrw -



Equation 7. Standing Crop estimate and its standard error for all
sduerlion /.

Strata of region r during week (or biweek) w:

3
Nrw - 2: Nkrw
k=1
and
3 2
SEN = 2: (éENkrw)
i k=1
where Nkrw and SEN = as in Equation 5
krw
Equation 8. Standing Crop estimate and its standard error for the
entire river during week (or biweek) w:
12
N = E N
w pa’s
r=1
and
12
SEN = E (SE )2
w Iw
r=1
where N_and SE = as in Equation 7
rw N

Iw



Equation 9. Catch per unit effort in the shore zone and its stancdard

- error for region r during biweek w:

Prw
. 1
Crw - n Cirw
rw ;
i=1
and
_ n_
2
SEC = E (birw - Crw)
- TW
i=]
Pruw (nrw_l)
where Cirw = number of fish caught in haul i in region r during
biweek w
- n__ = number of hauls made in region r during biweek w

rw

Equation 10. Shore zone standing crop estimate and its standard error

for region r during biweek w:

Ar
Nrw = Crw Ai

and
Ar
SE = L
N SE. A
™ rw i
where Ar = shore zone surface area (m?) from O to 3 m river

depth in region r



A,
i

C
rw

Equation 11.

estimated surface area sampled by 30.3-m beach seine in

an individual haul = 450 m?

and SEC = as in Equation 9

Irw

Shore zone standing crop estimate and its standard error

for the entire river during biweek w:

Same as Equation 8

where N
W

Equation 12.

where n

and SEN = as in Equation 10

rw

Geographic distribution index for region r:

n
2 X
w
_ o ow=l
Ir = 5 (100)
2. N
w=1 v
= number of weeks (or biweeks) sampled
= as in Equation 7 or Equation 10

as in Equation 8 or Equation 11



Equation 13. Temporal distribution index for week {or biweek) w:

(100)

where

=
!

= number of weeks (or biweeks) sampled

Z
|

= as in Equation 8 or Equation 11

Equation 14. Mean length (mm TL) of larvae during week w:

2

S=

4
2
Z NSW

s=2

(NSW LSW)
L =
w

where Nsw = standing crop estimate for stage s during week w

st = mean length (mm TL) for stage s during week w

Equation 15. Estimated length (mm TL) at time t:

Lt =g logt + LO

where t = number of days after 1 August
8 = slope of regression line
L = estimated length on 2 August



Equation ic. Estimated time (davs after 1 August) when mean length

reached 60 mm TL:

(=2)

t = 10

where

Lo and g = as in Equation 15

Equation 17. Estimated length (mm TL) at time t:

= Bt
Lt = Loe
or In (Lt) = 1n (Lo) + Bt
where t = number of days after 1 May

Lo = estimated length on 1 May

B = slope of regression line = instantaneous growth rate

Equation 18. Estimated times (days after 1 May) when mean lengths

reached the recruitment length and 60 mm TL:

1n (LR) - 1n (Lo)
L B

and
1n (60) - 1n (LO)

teo ~ B




where LR = length at recruitment to the fall juvenile sampling

B gear (=30 mm for striped bass, 25 mm for white perch)

L and B = as in Equation 17

Equation 19. Estimated average growth rate (mm per day) from hatching

to recruitment length and from recruitment length to 60 mm:

_ R H
G =
H-R t -t
LR H
and
. ) 60 - LR
R-60 t60 - tL

[}

length (mm TL) at hatching

where LH

(a2
|

g = estimated time (days after 1 May) of hatching

LR’ tLR, t60 = as in Equation 18



Equation 0. Estimated abundance on day t:

N, =N e-Zt
t (o)
or 1n (Nt) = 1n (No) - 2t
where t = days after 1 May (for larval/early juvenile mortality

estimates) or days after 1 August (for juvenile
mortality estimates and combined standing crop index
calculations)

N = estimated number of larvae or juveniles at t=0

Z = instantaneous mortality rate

Equation 21. Estimated daily mortality rate (% per day):

M. = (1-e %) (100%

where Z as in Equation 20

Equation 22. Combined standing crop for region r during week w:

3

w2 :
N = = 2
rw T N rw T N

k=1

"

and




where T

krw

rw

SE
krw

Equation 23.

where S

= catch efficiency of epibenthic sled and Tucker Trawl

(=0.3)

= as in Equation 5 (except reduced 25% for shoal stratum)

= night/day catch ratio for beach seines
= catch efficiency of beach seines
= as in Equation 10
= SEN as in Equation 10 for k=4 (except for striped
W
bass: see Equation 23), and as in Equation 5 for
values of k from 1 to 3
Standard error of shore zone estimate of striped bass
standing crop, adjusted for variance of night/day ratio
and gear efficiency estimates, for region r during week w:
2 2
]
Nrw 2 2 Nrw
R E
= variance of night/day ratio estimate for striped bass
in beach seines
= variance of beach seine catch efficiency estimate for

striped bass

= as in Equation 10



Equation 24. Combined standing crop for week w:

12
' '
N = N
W v
r=]
and
12
SENu = E : (SEN' )2
w ™
r=1
where N'w and SE., = as in Equation 22.
W

Equation 25. Peak combined standing crop 1 August equivalent:

e

Z.
]

where geometric mean of combined standing crop

1
(Nw in Equation 23) for peak weeks

[o]
1

assumed instantaneous mortality rate = 0.00379

(equivalent to 75% per year)

ct
]

number of days from 1 August to the midpoint of the

peak period



Equation 2¢. Standard error of the combined standing crop regression
estinmate:

-2
SEL oy = MSE 1o e Sl
n(NI) n Do - E)Z
2: w
w=1
where MSE = mean square error from regression analysis of
variance
n = number of weekly CSC values used in the regression
t, = midpoint of sampling interval (days after 1 August)
for week w
t = mean of the n values of tw
t; = date (days after 1 August) for which the combined

standing crop index is estimated (= 0 for 1 August

index, 45 for 15 September index)

Equation 27. Confidence limits (95%) for combined standing crop index

based on regression:

ln (CLNI) = 1n (N)) # £ os (n-2) [SEln(NI)]

where N, = No for 1 August CSC index, and N for 15 September

45
CSC index, from Equation 20 (with t = days after 1

August)

t.OS(n-Z) = Student s t-value for n-2 degrees of freedom

(n as in Equation 26) and a = .05 (two-tailed test)

SEln(NI) as in Equation 26



APPENDIX B

ABUNDANCE DATA

INDEX OF TABLE NUMBERS

PART 1. STANDING CROP DATA
COM-
BINED
ICHTHYOPLANKTON FALL SHOALS BEACH SEINE GEARS

SPECIES EGGS YSL PYSL YOY YOY YRLG OLDER YOY YRLG OLDER YOY
Striped

bass 1 2 3 4 5 8 10 6 9 11 7
White

perch 12 13 14 15 16 19 21 17 20 22 18
American

shad 23 24 25 26 27 30 31 28 NC 32 29
Atlantic

tomcod - - 33 34 35 - - 36 - - 37
Blueback

herring a a 42 44 NC 43 45 46 -

38 39 40 41

Alewife 47 49 NC 48 50 NC -
Bay

anchovy - - - NC 51 54 56 52 55 NC 53
Weakfish - - - NC 57 - - 58 - - -
White

catfish - - - 59 60 61 62 NC NC 63 -
Spottail

shiner - - - NC 64 66 NC 65 67 68 -
Atlantic

sturgeon - - - NC NC NC 69 NC NC NC -
Shortnose

sturgeon - - - NC NC NC 70 NC NC NC -

a

= Due to the difficulty in identifying the early life stages of

the blueback herring and alewife - these stages were combined.
NC = none caught
Dashes indicate that life stage was not looked at.

Stages: YSL
YOY

yolk-sac larva; PYSL = post yolk-sac larva;
young-of-year; YRLG = yearling
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