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\/ ADAPTIVE MANAGEMENT

~/ '« PROPOSED AND DEVELOPED BY HOLLING (1978), WALTERS
(1986)

* ITERATIVE
* MONITORING TO PROVIDE NEW INFORMATION
* ADJUSTMENTS BASED ON MONITORING




— TIMELINE

(

SPRING 2013: NO IMPROVEMENTS, NAIVE TO FISHWAY PERFORMANCE AT FLOWS, TAGGED

FALL 2013: CONSTRU S -\ > AND REINFORCE CULVERT WEIRS
e ADD BOARD SLOT ABOVE FISHWAY ENTRANCE

SPRING 2014: ADVERSE HYDRAULIC CONDITIONS FROM “FIX”, TAGGED
e ALLEVIATED ON 5/1 WITH STONE WEIR BELOW DOWNSTREAM WEIR

FALL 2014: ADDED FLASHBOARDS TO WEIRS P—
o ALLOWED FOR RAISED BOARD AT SLOT ABOVE ENTRANCE

SPRING 2015: IMPROVED ENTRANCE CONDITIONS (2), 2 YEARS OF EXPERIENCE WITH
FISHWAY OPERATION, TAGGED
e —

>






\/ : DATA COLLECTION

'

~  DAILY RESOLUTION
* POOL DEPTHS AND ENTRANCE HEIGHT
* TEMPERATURE
* FLOW FROM USGS GAGE

* PASSAGE NUMBERS
e 2013: SMITH-ROOT 1601 USGS 91101860 PARKER RIVER AT BYFIELD, HA

e 2014 & 2015: INFRA-RED LIGHTED E
VIDEO ¢

Apr Apr Apr Hay Hay Hay Hay Hay Jun
12 19 26 a3 18 17 24 31 a7
2814 2814 2814 2814 2814 2814 2814 2814 2814

Hedian daily statistic (78 yearz) == Period of approved data

— Discharge B Heasured discharge
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IN FISHWAY FLOWS

v
o EDF IN STEP-POOL FISHWAYS
e CALCULATED ENERGY DISSIPATION FACTOR AT oRO .
LOW, MEDIUM, AND HIGH FLOWS N ‘°“-’Fi' POOL i
e LOW: M3 * SEC' < 1.0 S .g,ﬂ_y 4-—

e MEDIUM: 1.0 < M3 *SEC'< 1.5
e HIGH: M3 * SEC''> 1.5

e X2 TO TEST DIFFERENCES AMONG YEARS

“POTENTIAL ENERGY
PISSIPATION RATE PER UNITVOLUME®

||, yQD = ~y@D
2\ ¥ = epr < || EDF ==

] EDF is the volumetric energy dissipatian rate in ft-loisft?
g Y is the waler volumein the fishway step poalin fi®

Dvis the hydraulic drop from one pool to the next in ft

Q is the flow over the weir crests, throughthe fishway, incfs
v IS the unit weight of water (62,4 lbsft?)
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PIT ARRAY

-
9
* MULTIREADER SYSTEM
3 ANTENNAS IN FISHWAY

* ENTRANCE
* TURN
o EXIT

NNA ON SPILLWAY
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-/ TAGGING

'

o) FISH COLLECTED DOWNSTREAM OF ENTRANCE USING DIP
NETS

e 23MM HALF-DUPLEX TAG, FOLLOWED THE INTRAPERITONEAL
METHOD DESCRIBED IN CASTRO-SANTOS AND VONO
(2013)

* FOR EACH FISH THE SPECIES, SEX, TOTAL LENGTH (TL), AND
AN ESTIMATION OF SCALE LOSS WAS RECORDED

* HANDLING TIME, OR TIME OUT OF WATER, WAS KEPT TO A
MINIMUM (MEAN = 18.65 SEC, SD = 1.51)

o
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MULTIPLE LOGISTIC REGRESSION

e BINARY RESPONSE: PASS (0), FAIL (1)
'

e INDEPENDENT VARIABLES:
ENVIRONMENTAL
RIVER FLOW, TEMPERATURE, IN FISHWAY
FLOWS (CAT), ENTRANCE HEIGHT, *JULIAN DATE
BIOLOGICAL
TOTAL LENGTH, SEX, SPECIES, SCALE LOSS,
YEAR TAGGED (2014, 2015, ALL)

* FOR EACH YEAR: STEPWISE MODEL SELECTION

* LOG LIKELIHOOD TEST AND AIC; WALD TEST,
HOSMER-LEMESHOW GOODNESS OF FIT

* INDIVIDUAL YEAR MODELS FOR ALEWIFE ONLY

* ALL YEARS

* MIXED EFFECT FOR FISH, ADDED ENTRANCE CONFIGURATION
* BOTH SPECIES INCLUDED




IN FISHWAY FLOWS

EDFs at reference flows

<% High
Medium

+ Low

~
own
|

FT-LB/S/FT° RECOMMENDATIONS & REQUIREMENTS

9]

€' » ATLANTIC SALMON (4.0 ft-Ibs/ft)

4 salmonids, sdult (3,13 /- l/s o), NOLA (2011)

p ~~ AMERICAN SHAD (3.15 ft-Ib/s/ft?)

3 | traut(3.13t-lo/sitF); EA UK (2010}

lJ - non-salmanids (2.08f-b/sf); EA UK (2010)
step-poals attums (2.08 fi-o/it), EA UK (2010)
salmonids, juvenile (2.0 ft-4b/sH); NOAA (2011)
resfing pools {1.04 ft-Ibis/ft); FAOand DWVK (2002)

EDF (ft-Ib/s/ft’)
]

N
n
1

EMERSY PISSIFATION FACTOR (ERF]

2
1
o]

Denil resting peols (0,52 fi-n/sft); FAQ and DWVK (2002) 1 5 G

Entrance Pool number
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IN FISHWAY FLOWS @)
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~ X2=9.35 Df=4 P=0.053
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TAGGING

e’
RIVER HERRING DETECTED
YEAR ALEWIFE BLUEBACK TOTAL
2013 114 (.48) 45 (22) 156 (.35)
2014 66 (.33) 28 (.15) 94 (.22)
2015 63 (.55) 42(.19) 105 (.31)
TOTAL 243 (.44) 115(.18) 355 (.30)

Count of individuals
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Length frequency of tagged herring

210 220 240

Species

Alewife
. . Blueback
o

]._
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Total length (mm)
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Number of fish detected

100

PASSAGE RATES

- X2=17.04 Df=4 P =0.002

]

X2=7.02 Df=4 P=0.135

0% 0% I8% 3%

2013

2014
Year

35% 18% 28% 9% 52% 36%

19% 5%

2015

allaay

Haedan|g

Antenna
Location

. Entrance
|:| Turn
[ e



LOGISTIC REGRESSION MODELS

H-L GOF
Likelihood

Terms n AIC AAIC X2 df P Ratio
2013 TL, Temperature, In Fishway Flows 59 55.57 1.597 16.026 8 0.042 P =0.002
2014 River Flow, Entrance Height 66 42.07 0.63 7.176 6 0.305 P=0.014
2015 " Fishway Flows, Sex, River Flow, Year oo 110 53 9529 8 03209 P=0.019

Tagged

All TL, River Flow, Entrance Height, Sex, 354 2481 1.35 NA

Species, Years since tagging



015:IN FISHWAY FLOWS, SEX, RIVER FLOW, YEAR
TAGGED @
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SEX, SPECIES, o

JL‘ RS:TOTAL LENGTH, RIVER FLOW, ENTRANCE HEIGHT,”
J YEARS SINCE TAGGING

Alewife Blueback

1.00-
z =075
2 =
g Sex 8 Species
ju ju i
o 0.50- —Ia o 0.50- = Alewife
B el _*3 == Blueback
% 3
0 p25- / 0O p.25-

0.00- 0.00- /
250 275 300 125 250 275 300 325 250 275 300 325 250 275 300 325

Total length (mm) Total length (mm)




</ CONCLUSIONS

—

PASSAGE RATES HAVE IMPROVED, BUT 20-
REMAIN LOW

—
on
1

* BLUEBACKS DO NOT PASS WELL

* POSSIBLE WITHIN YEAR EFFECT OF
TAGGING

Count of fish

* PATTERN OF PASSAGE OF TAGGED FISH
MATCHES FISH COUNTED

* MOTIVATION OF THIS POPULATIONZ

48 96 144 192 240 288 336 384

Hours spent in Headpond

A SR
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\/ : NEXT STEPS

 ADD 2016 DATA

* INCORPORATE APPROACH ANTENNA FROM 2015
AND 2016

* FURTHER QUANTIFY INDIVIDUAL PASSAGE METRICS
SUCH AS # OF ATTEMPTS, DELAY, ETC.

e CONDUCT TIME TO EVENT ANALYSES
* BY SPECIES ANALYSES




ANTENNA PERFORMANCE )

Y Marker Detections
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Q) > Table(yl5%loc,v15%tyear) Q:)

2013 2014 2015
Approach 33 47 235
Entrance 29 46 F0
TUurnmn 19 22 21
EXit 11 16 12
spillway 3 13 i}
table(yld43loc,yld$tyear)

2013 2014
Approach 0 0
Entrance (W 55
TUurn 10 13
ExXit 1 il

spillway 2
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2013: TOTAL LENGTH AND CFS AT
IN FISHWAY FLOWS
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2014: RIVER FLOW AND ENTRANCE HEIGHT
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TIMELINE

i

e SPRING 2

S

* FALL 201

ABOVE FI



TIMELINE




TIMELINE
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LOGISTIC REGRESSION RESULTS ®)
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MOTIVATION

9

* TIME DISTRIBUTION OF EXIT TO SPILLWAY
* SPAWNING STAGE AT ARRIVAL
* MULTIPLE TRIPS UP AND DOWN
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