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Attachments
Microsoft Excel file containing sturgeon records from DelaviRiver compiled by PWD.
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Year | Total YOY Captured ang Mean TL SampleSze, Mean TL, DNRE( Sample Size| Mean TL, ERC
Measured (mm) DNREC (mm) ERC (mm)
2009 23 287 23 287 - -
2011 49 290 49 290 - -
2013 29 368 - - 27 372
2014 47 315 47 315 - -
2015 271 370 15 353 256 370
2016 97 330 18 326 79 330
2017 2396 338 127 324 2269 339
2018 1528 358 221 335 1307 362
2019 5 347 5 347 - -
2020 20 326 20 326 - -
2021 105 329 105 329 - -
2022 15 384 15 384 - -
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Total lengths of Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus) that spawned in spring and fall at the
onset of winter (1 January), by the thermal regimes to which they were exposed across a latitudinal range.
Water temperature data used for thermal regimes were collected from National Eatuarine Research Reserve
Syatem sites from Maine to South Carolina during 2008-2012. Open bars represent the cohoert that apawns
in fall, and black bars represent the cohort that spawns in spring. The bars with diagonal lines indicate a
hwpothetical scenario of spawning oceurring in fall in these locations. The southernmost site is the Ashepoo—
Combahee—Ediste Basin (ACE Basin) in South Carclina.
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Table 2. Parameters estimates and associated standard errors of the total length (cm)-weight
(g) relationship for Atlantic sturgeon by DPS.

DPS n a SE[a] b SE[b]
All 6,304 0.00513  0.000286 3.05 0.0107
Gulf of Maine 618 0.0119 | 0.00211 2.85 0.0354
New York Bight 735 0.0235 | 0.00428 2.76  0.0345
Chesapeake Bay 190 0.00549 | 0.00306 3.06 0.109
Carolina 4,761 0.00186 0.000119 3.25 0.0129

¢l otS o0l JadzRFS/NI Qaf (2 YSGONRA OSAdNF B (1 B> piEMBRISRYH N2 YW SHIVBING @ a A a
58t g NB wWABSNI ! GflyaO addzNBS2y

term | Null Hypothesis Ho) Value | Estimate| SE | t-statistic | df p-value | 95% conf low| 95% conhigh
2 3 3.16 0.006| 25.85 | 5669 | 2.23E139 3.15 3.17
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Atlantic Sturgeon Weight Measurements, fish <= 200g
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EPA Simulated Weight vs. Obs. Weight 2015-2016
Atlantic sturgeon YOY < 500mm, assumes no growth after 12/1/2015
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EPA Simulated Weight vs. Obs. Weight 2016-2017
Atlantic sturgeon YOY < 500mm, assumes no growth after 12/1/2016
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EPA Simulated Weight vs. Obs. Weight 2017-2018
Atlantic sturgeon YOY < 500mm, assumes no growth after 12/1/2017
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EPA Simulated Weight vs. Obs. Weight 2018-2019
Atlantic sturgeon YOY < 500mm, assumes no growth after 12/1/2018
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C\o(ﬁc:(rt Growth estimate Growth estimate Growth estimate July 1st | Growth estimate May ¥
year July F(g/d) May 15 (g/d) capped* (g/d) capped* (g/d)
2009 0.59 0.54 0.59 0.54
2011 0.70 0.62 0.70 0.62
2013 0.77 0.70 1.01 0.87
2014 0.68 0.60 0.68 0.60
2015 1.05 0.89 1.15 0.97
2016 0.87 0.76 0.93 0.80
2017 0.77 0.69 0.82 0.72
2018 0.80 0.72 0.98 0.84
2019 1.19 0.97 1.19 0.97
2020 0.91 0.76 0.91 0.76
2021 0.84 0.73 0.84 0.73
2022 1.79 1.37 1.79 1.37
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Total | n, phange proportion, | n, change proportion, change proportion, change proportion,
recapt in TL changein TL| inTL<2 | changein TL in W change in W| i W <2 change in W
ures | >2mm/d >2mm/d mm/d <-2mm/d >2¢g/d <-2mm/d
>2g/d g/d
234 9 0.04 10 0.04 29 0.12 20 0.09
Delaware River Mark-Recapture Empirical Growth Rates
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Delaware River Mark-Recapture Empirical Growth Rates
Fish at large 300 days or more
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2015 n®HH 60,862
2016 mony 18,995
2017 nourT 387,855
2018 nopc 307,069
2019 mdpdc 990
2020 ™ P dhH 3,060
2021 ™m®dc ™ 16,964
2022 modnn 4,165
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Abbreviation Description
crit.1.sat critical season 1st percentile DO saturation
crit.2.sat critical seasor2nd percentile DO saturation
crit.5.sat critical seasorbth percentile DO saturation
crit.10.sat critical seasori0th percentile DO saturation

crit. mean.sat

critical seasomean DO saturation

crit. med.sat critical season median DO saturation
crit.min.sat critical season minimum DO saturation
crit.pct.50 critical season % of DO > 50% saturation
crit.pct.60 critical season % of DO > 60% saturation
crit.pct.70 critical season % of DO > 70% saturation
grow.l.sat growing season 1st percentile DO saturation
grow.2.sat growing seaso2nd percentile DO saturation
growb.sat growing seasoBth percentile DO saturation
grow.10.sat growing seasoriOth percentile DO saturation

grow.mean.sat

growing season mean DO saturation

grow.med.sat

growing season median DO saturation

grow.min.sat

growing season minimum DO saturation

grow.pct.50

growing season % of DO > 50% saturation

grow.pct.60

growing season % of D3B8% saturation

grow.pct.70

growing season % of DO > 70% saturation

¢l oMash) YSe@

G2 FT00ONBGAlIa2ya dzaSR

Abbreviation

Description

YOY.grow.5.1.TL

YOY growth in length from May 1st

YOY.grow.5.1.TL.cap

YOY growth in length from May 1st, winter growth to Jan 1st

YOY.grow.5.1.W

YOY growth in weight from May 1st

YOY.grow.5.1.W.cép

YOY growth in weight from May 1st, winter growth to Jan 1st

YOY.grow.7.1.TL

YQOY growth in length from 100mm July 1st

YOY.grow.7.1.TL.cap

YOY growth in length from 100mm July 1st, winter growth to Jan 1st

YOY.grow.7.1.W

YOY growth in weight from 27g July 1st

YOY.grow.7.1.W.c&p

YOY growth in weight from 27g July 1st, winter growth to Jan 1st

YOY.mean.TL YOY mean total length in mm

YOY.mean.W YOY mean total weight in g

mean.K.YOY YOY mean condition factor K

mean.K.all mean condition factor K for all fish collected
slope.b.YOY slope parameter b fot-W regression, YOY only
slope.b.all slope parameter b fok-W regression, all fish collected
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grow.min.sat - S T
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grow.5.sat - e
o grow.2.sat - e
% grow.10.sat- M
T grow.1.sat - e
%) crit.pct.70 - e S—
8 crit.pct.60 - — * —————Syr—x
crit.pct.50 - o 20
crit.min.sat - — =
crit.med.sat - e
crit.mean.sat - e
crit.5.sat - o
crit.2.sat - . ——aa
crit.10.sat - -
crit.1.sat - o
25 50 75 100
DO % Saturation or % of Data E3 01467200 B 01477050
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Atlantic Sturgeon Annual Variability 2009-2022
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Atlantic Sturgeon Annual Variability 2009-2022
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Sturgeon Growth or Condition Metric
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s?a?igr? DO Statistic | Sturgeon metric | cor (rho) | statistic | p-value method

1467200 | critmed.sat | YOY.grow.5.1.W| -0.75 384 0.0119 | Spearman
1467200 | critmed.sat | YOY.grow.7.1.W| -0.75 384 0.0119 | Spearman
1467200 | crit.mean.sat| YOY.grow.5.1.W| -0.69 372 0.0231 | Spearman
1467200 | crit.mean.sat| YOY.grow.7.1.W| -0.69 372 0.0231 | Spearman
1467200 | crit.pct.70 YOY.grow.5.1.W| -0.65 362 0.037 | Spearman
1467200 | crit.pct.70 YOY.grow.7.1.W| -0.65 362 0.037 | Spearman
1467200 | grow.pct.70 | YOY.grow.5.1.W| -0.65 362 0.037 | Spearman
1467200 | grow.pct.70 | YOY.grow.7.1.W| -0.65 362 0.037 Spearman
1477050 crit.10.sat YOY.grow.5.1. T4 -0.65 362 0.037 Spearman

Positive Correlations at p < 0.1

1467200 | crit.mean.sat slope.b.all 0.57 94 0.0706 | Spearman
1467200 crit.pct.50 slope.b.YOY 0.55 98 0.0816 | Spearman
1467200 | crit.min.sat slope.b.YOY 0.53 102.7332| 0.0913 | Spearman
1467200 | grow.min.sat slope.b.YOY 0.53 102.7332| 0.0913 | Spearman
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Delaware River DO - Atlantic Sturgeon Metric Correlation
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cor p
Correlation Coefficient / Test statistic
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1467200 1477050
DO Statistic cor (rho) | statistic | p-value (ﬁ?c:) statistic vaﬂ-ue
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DO Statistic (fﬁg) statistic p-value (fﬁg) statistic vaﬂ-ue
crit.1.sat 0.43 126 0.193 -0.18 260 | 0.595
crit.10.sat 0.49 112 0.129| -0.064 234 0.86
crit.2.sat 0.44 124 0.183 -0.2 264 | 0.558
crit.5.sat 0.46 118 0.154 -0.15 254 | 0.654
crit.mean.sat 0.34 146 0.313 0.018 216 | 0.968
crit. med.sat 0.24 168 0.485 -0.13 248 | 0.714
crit.min.sat 0.53 102.7332| 0.0913| -0.091 240| 0.797
crit.pct.50 0.55 98| 0.0816 -0.27 280 | 0.418
crit.pct.60 0.53 104 0.1 -0.15 252 | 0.673
crit.pct.70 0.32 150 0.341 -0.15 254 | 0.654
grow.1.sat 0.47 116 0.146 -0.29 284 | 0.386
grow.10.sat 0.38 136 0.248| -0.045 230 | 0.903
grow.2.sat 0.52 106 0.107 -0.29 284 | 0.386
grow.5.sat 0.5 109.7491 0.116| -0.082 238 | 0.818
grow.mean.sat 0.25 164 0.451 0.34 146 0.313
grow.med.sat 0.027 214 0.946 0.15 188 | 0.673
grow.min.sat 0.53 102.7332| 0.0913| -0.073 236 | 0.839
grow.pct.50 0.48 114 0.137 -0.35 296 | 0.299
grow.pct.60 0.51 108 0.114 -0.26 278 | 0.435
grow.pct.70 0.17 182 0.614 0.018 216 | 0.968
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Atlantic Sturgeon DO Saturation - Slope b Correlation
crit.1.sat crit.10.sat crit.2.sat crit.5.sat crit. mean.sat
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YQY Atlantic Sturgeon DO Saturation - Slope b Correlation

crit.1.sat crit.10.sat crit.2.sat crit.5.sat crit.mean.sat
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estimate | groupl | group2 | nl | n2 | statistic p conf.low | conf.high | method | alternative
0.13 Delaware| Hudson| 12 | 20 193 0.004 0.04 0.21 Wilcoxon| two.sided
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W-L Regression slope b Parameter for Delaware and Hudson River
all fish YOY only
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Summary

PWDcompiled and evaluated several lines of evidence for the strength of the association between hypoxia
and measures of Atlantic sturgeon condition and health in the Delaware Raret made the following
conclusions

1 Delaware River Atlantic sturgeon collected 2022 shoved no evidence of reducegrowth (sizé that
would indicate poor healthObserved length for each YOY cohort wahé@range of expected values,
O2yaraitaSyid ¢AdK (K Sndothdr spanniNgpopuldtichs onihé Atlanticicdast dzR S

1 Inferred growth rates based on estimated spawning date are iretpectedrangeand are
corroborated by observed mattecapture empirical growth rates

1 YOY Atlantic sturgeon consistently attain lengths of more than 300mm (345mm or 13.5 inches on
average) due t@pparentrapid growth during the summer juvenile development period. Téuel of
growth was observed every yea009-2022for which there wasdequate sampling efforMean length
of YO¥vas not correlated with any statistics of DO conditions.

1 The full daaset, all YOY, and 23 of 25 annual data sets had positive allometric dlow). The
annual slope parametds estimates (n = 12) were not significantly correlated with DO conditions.

1 Despite performing 560 separate correlation tests across a large range of observed DO statistics and
sturgeon metricsPWD found netatistically significanevidence for correlation betweePO and
sturgeongrowth or condition
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Atlantic Sturgeon DO Saturation - Total Length Condition Factor K
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YQOY Atlantic Sturgeon DO Saturation - Total Length Condition Factor K
crit.1.sat crit.10.sat crit.2.sat crit.5.sat crit. mean.sat
043- = [ ° )
0.41-® oo e s * o o‘o ® '.. % o ?o.’.'o ® . o’o .':o ® o o .‘."
0.39 - o Lo ®e0® e o * oo ‘a® o o ®e 8 o
0.37 - 0% ® oo © ® AN [ ] o0 ® [ ] 'Y [ ] ®
0.35 = 1 .I l. 1 1 1 1 .I 1 1 1 1 . 1 . ] 1 . . . .
45 50 55 60 65 50 55 60 65 70 45 50 55 60 65 50 55 60 65 60 65 70 75 80
v crit.med.sat crit.min.sat crit.pct.50 crit. pct 60 crit.pct.70
o 0.43- o o ° ® [ [
° ° o ° L] °
80-41_. L™ Y ’ [ ] ..... - L] ] J [ ] ..’ ® .....
@©
":;0.39- o @ o o %o oo > ® 20’ @ R 4 L
:.% 037_ ) ® [ ] ® .. [ Y .. ® o0 ® [ ] o0 e @
:g 035' ] .. 1 . . ] 1 1 g .I ] ] ] . ] 1 ..l 1 USGS Gage
O 60 65 70 75 80 35 40 45 50 55 85 90 95 100 40 60 80 100 25 50 75
O ® Penn's Landing
< grow.1.sat grow.10.sat grow.2.sat grow.5.sat grow.mean.sat
D043- o - o o ® -+ % o o ®q o | Chester
8041 ® e am® emesnRne o veEYs nan Yreneise enn’ e oo =
%0.39- "’ oo oo™ o %’ oo “%e® e o o°® L o
; 037- ] e © @ °® ] oo ® ° ee © ]
O 0 35 = e . 1 1 *» 1 1 1 1 .I ® 1 1 1 L} .I 1 1 1 I. 1
> 45 50 55 60 65 55 60 65 70 45 50 55 60 65 50 55 60 65 70 70 75 80
grow.med.sat grow.min.sat grow.pct.50 grow.pct.60 grow.pct.70
0.43- o [ ° ® ° [ ® ° ]
041-® ® o @ % — ° ; ..o. ® . X .’ ° ° ..‘8 ° ® s .". =
0.39 - L ] o %o oo o e o% @ % L
0.37- ® - e 9% - Lt e L oo Sl oo L
0.35 = ] ? 1 1 1 . 1 1 1] e 1 1 1 L} * .I 1 1 L} * 1 1 I. e 1
70 75 80 85 35 40 45 50 55 94 96 98 100 70 80 90 100 40 60 80
DO % Saturation or % of Data Statistic
CAJdweNB / 2 NNBt a2y FT2NI 5SSt gl NBE wA@SN) aSlaz2ylt 5h aile@mai@d FyR ,h, 'iflryasaO
t I 3%o p
¢SOKYAOLE /2YYSyiGa 2y (GKS 90ARSYOS T2NJ I @8LREALF & | {CQSNBEA 2N 24yh H!n



YQY Atlantic Sturgeon DO Saturation - Mean Total Length Correlations
crit.1.sat crit.10.sat crit.2.sat crit.5.sat crit. mean.sat
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YQY Atlantic Sturgeon DO Saturation - Mean Weight Correlations
crit.1.sat crit.10.sat crit.2.sat crit.5.sat crit. mean.sat
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YQY Atlantic Sturgeon DO Saturation - Mean Total Length Growth Rate Correlations
crit.1.sat crit.10.sat crit.2.sat crit.5.sat crit. mean.sat
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YQY Atlantic Sturgeon DO Saturation - Mean Total Length Growth Rate (Capped) Correlations
crit.1.sat crit.10.sat crit.2.sat crit.5.sat crit. mean.sat
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