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Ship strikes are a global issue

T4S, sp‘ecies-kno‘wn to be affected

10s of ,000s individuals annually




North Atlantic right whales

Vessel strikes™
13% of injuries
51% of mortalities

*only 36% of killed NARW are

ever detected

Pace et al. (2020) Cryptic mortality of
North Atlantic right whales. Cons Sci Prac
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Options for reducing ship strikes lethality:
Separation from whales
Speed restrictions
Early detection and avoidance
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Understanding vessel size and speed as factors in

preventing ship strikes of marine mammals™

“Preventing vessel strikes™ — eliminating encounters

Vessel size and speed has negligible effect on encounter rate
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Keen et. al. (2022) A simulation-based tool for predicting whale-vessel encounter rates.
Ocean and Coastal Management 224 (2022) 106183.

Vessel size and speed have large effects on lethality!
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Simple Analyses of Ship and Large Whale Collisions:

Does Speed Kill? SMM Poster 2005
Pace, Richard M., HII'; Silber, Gregory K2
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East-West Hwy, Silver Spring, MD 00010 USA
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VESSEL COLLISIONS WITH WHALES:
THE PROBABILITY OF LETHAL INJURY
BASED ON VESSEL SPEED
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Vessel speed restrictions reduce risk of collision-related
mortality for North Atlantic right whales
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Sharp et al. 2019; IFAW

« 20-30% of whales killed by blunt-force have no broken bones
(Jensen and Silber 2004, Campbell-Malone et al 2008, Sharp et al 2019)

« 3/4 whales necropsied and killed by blunt trauma in GoSL no broken bones
(Daoust et al 2018)

 Massive hemorrhages
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1) What are the reactive forces
involved in vessel-strikes?

/—& CANADIAN WILDLIFE
\QFEDERAHQN /




F = Mass x Acceleration F = Area XE X T
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/ Variables \

MasSwhale

IVIaSSVesseI
SpeedVesseI
Area of Contact

\Thicknesses of 4 tissue Iayer3/

— Fo

1. Whale body’s resistance to compression
(4-layer model)

3. Water drag on the whale

Fe

2. Whale skin’s resistance to extension
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45 tonnes
@10 knots

= 0.45 MPa
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30,000 tonnes | -
@10 knots -

= 0.95 MPa

/—& CANADIAN WILDLIFE
\QFEDERAUON



2) Can we attribute consequences to
these reactive forces from
observed events”?
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TABLE 1 Reported shipstrikes used to produce the lethality curve, where L {m) is length in meters, and Wt (t) is mass in tonnes. Fate is a description of the reported state
of the whale after the ship strike; Uninjured and Killed are self-explanatory, and Minor and Serious each refer to the reported severity of the injury to the whale. Type is the
reported description of the vessel where *HS Ferry® is a high-speed ferry, *USCG" is a US Coast Guard vessel, and *"WW" is a whale watching vessel. Sp (kn) is the reported
speed in knots of the vessel when the strike occurred. Max. stress is the maximum value of stress in megapascals computed during a numerical simulation with the four-layer
model, based on the other properties listed in this table.

Whale Vessel
Max. stress

Case Date Species L(m) Wt (t)* Fate Type L{m) Wt (8° Sp (kn) (MPa) Reference
1 1885-01-01 Large whale - 40 Minor Pilot - 60 13 0.92 Laist et al. 2001
2 1935-01-01 Large whale - 40 Killed Steamship 131 30,000 15 11424 Laist et al. 2001
3 1953-11-01 Large whale - 40 Killed Navy 169 11,100 2 819.23 Laist et al. 2001
- 1955-03-22 Spemm whale 14 29 Killed Steamship 144 30,000 17 1.78 Laist et al. 2001
5 1961-09-01 Large whale - 40 Serious Cargo - 8,000 14 1.67 Laist et al. 2001
6 1972-12-01 Right whale 13 26 Killed Container 207 24182 2 647.77 Laist et al. 2001
7 1974-04-23 Large whale - 40 Serious Yacht 18 15 10.5 0.34 Laist et al. 2001
8 1974-12-01 Large whale - 40 Serious Femy - 4,000 17 540.24 Laist et al. 2001
9 1975-01-22 Gray whale 14 31 Killed Navy - 72 51 82251 Laist et al. 2001
10 1980-07-05 Blue whale 30 183 Killed Tanker 208 80,000 21 82446 Laist et al. 2001
11 1984-08-01 Fin whale 24 80 Serious ww 28 70 16 289.14 Laist et al. 2001
12 1988-09-07 Right whale 13 26 Killed Femry 171 8,000 12.5 0.92 Laist et al. 2001
13 1991-06-21 Humpback whale 15 49 Minor ww 14 60 7.5 0.40 Laist et al. 2001
14 1991-07-06 Right whale 46 1 Killed USCG 84 3,500 2 0.17 Laist et al. 2001
15 1992-02-01 Sperm whale 14 29 Killed HS Femry 20 5 45 17.88 Laist et al. 2001
16 1992-04-04 Large whale - 40 Serious Research 89 3,500 14 1.66 Laist et al. 2001
17 1992-05-15 Bryde's whale 12 12 Killed Container 121 50,000 14 0.58 Laist et al. 2001
18 1993-09-09 Fin whale 24 80 Killed Femy 159 40,000 20 82053 Laist et al. 2001
19 1995-06-01 Large whale - 40 Minor Fishing 27 60 9 0.49 Laist et al. 2001
20 1996-01-16 Humpback whale 15 49 Uninjured ww 25 10 9 0.22 Jensen & Silber 2004
21 1996-05-16 Large whale - 40 Serious USCG 115 3,300 15 4732 Laist et al. 2001

1997-01-01 Spemm whale 14 29 Killed Femy 100 11,000 25 819.40 Laist et al. 2001
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T50 = 0.241 MPa
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3) Putting it together.
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Small vessels cannot be ignored.

Maximal speeds are still lethal
Approximately egpal mass to adult NARW
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Family Members Injured When Vessel Collides With Whale
Near Juneau, Alaska

June 29, 2020

When on the water, a whale could pop up at anytime.

Agency Statement Alaska




r Small vessels cannot be ignored.

4 For large vessels, there is no safe speed.
10 knot limits will not solve whale lethality
T 'a S=—— |
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Assessing the lethality of ship strikes on whales James Vlasic
using simple biophysical models

Dan Kelley

Dan E.Kelley' ©® | James P. Vlasic'® | Sean W. Brillant*2© Sean Brl | Iant

!Dalhousie University, Department of

Oceanography, Halifax, Nova Scotia, Canada Abstract S b f f f

3Canadian Wildlife Federation, Kanata, Studies of ship strikes on whales often focus on large ves- ea n ICW = C . O rq
Ontario, Canada sels (>20 m), with attention to their speeds and the

o : resulting risk of lethality. Smaller coastal vessels also

Sean Brillant, Dalhousie University, co-occur with whales, resulting in collisions that merit

Department of Oceanography. PO Box study. To cast light on injuries caused by vessels of all

15000, 1355 Oxford Street, Halifax, Nova ) .

Scotia B3H 4R2. Canada sizes, we used knowledge of right whale anatomy and

Emall: sean b@cwf-fcf org Newtonian mechanics to construct simple models that pre-

dict the mechanical stresses experienced by whales during
collisions. By comparing our predictions with published
models and with data from ship strikes on various whale
species, we developed a model for lethal injury as a func-
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