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 Abstract 
 In intertidal environments, temperature fluctuations at hourly temporal scales are 
ecologically relevant because of the physiological stress that organisms must endure as a result. 
Tides constitute the main source of such changes, as low tides periodically expose intertidal 
habitats to aerial conditions, which can exhibit unusually high and low temperatures in summer 
and winter, respectively. The present study identifies another source of strong hourly thermal 
variation, one that acts only upon seawater (not air) temperature. Shortly after the arrival of 
cyclone Dorian to the Atlantic Canadian coast in September 2019, in-situ loggers revealed that 
sea surface temperature (SST) decreased in a matter of hours by 10-12 °C in intertidal 
environments. Data from online environmental services indicated that neither tidal amplitude 
nor air temperature were likely responsible for this marked SST drop. Conversely, data on wind 
speed support the notion that shear-induced vertical mixing of the water column caused by this 
cyclone was the main reason for the pronounced intertidal cooling. This is in line with previous 
studies that found offshore SST drops with tropical hurricanes. It remains to be seen how the 
observed decrease in SST may have affected intertidal organisms, as they were acclimated to 
summer conditions when Dorian hit the coast. As the frequency and intensity of cyclones in 
temperate latitudes is predicted to increase with climate change, cyclone-related intertidal 
thermal ecology might deserve further attention. 
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 Introduction 

 In intertidal habitats, temperature can vary considerably at temporal scales of hours. 

Understanding the causes of such changes is important because abiotic variability can be as 

ecologically relevant as mean conditions (Bennedetti-Cecchi et al. 2006; Somero 2007). Tides 

have long been recognized as a central factor influencing intertidal temperature at hourly scales 

(Helmut et al. 2002; Finke et al. 2007). The reason is that, during low tides, intertidal habitats 

are exposed to aerial conditions, with temperatures that often differ from seawater temperature. 

Air temperature during low tides can be extreme under severe weather conditions, such as on 

hot days in spring and summer (Lathlean et al. 2014; Umanzor et al. 2017) or cold days in 

winter (Scrosati 2011). Factors such as macroalgal cover (Watt and Scrosati 2013; Scrosati and 

Ellrich 2018) and a stable cover of ice (Scrosati and Eckersley 2007) can limit thermal extremes 

during low tides. 

 Other short-term changes in intertidal temperature are caused by factors that influence only 

seawater temperature. For example, coastal upwelling can drive deep, cool waters to the surface 

in a matter of hours (Kämpf and Chapman 2016), in that way cooling intertidal environments 

during high tides (Tapia et al. 2009). Coastal upwelling is common in many parts of the world 

and is typically driven by alongshore winds in concert with the Coriolis force (Shan et al. 2016) 

or by tidal mixing (Chegini et al. 2018). Given its capacity for vertical mixing of upper ocean 

layers (Seroka et al. 2016; Liu et al. 2018), cyclonic activity might also generate significant 

thermal fluctuations in intertidal habitats at hourly scales. However, this seems not to have been 

examined quantitatively, probably because of the low frequency of occurrence of coastal 

cyclones in comparison with the processes mentioned above. To address this knowledge gap, 

the present study investigates the marked intertidal cooling that occurred on the Atlantic 

Canadian coast after the arrival of cyclone Dorian in 2019. 

 Methods 

 Dorian approached Canada as a hurricane from southern waters, making landfall on the 

Canadian coast as a post-tropical cyclone near Halifax, Nova Scotia, at 19:15 on 7 September 

2019 (AccuWeather 2019; NOAA 2019). To evaluate Dorian's effects on intertidal temperature 

on the Nova Scotia coast, this study uses data on sea surface temperature (SST) measured at two 

intertidal locations separated by 43 km: Deming Island (N 45.2121, W 61.1738) and Barachois 
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Head (N 45.0890, W 61.6933; Fig. 1). Both locations face the open waters of the Atlantic Ocean 

directly, without any physical obstructions. The substrate of both locations is stable bedrock. To 

make Dorian's thermal signal most evident, SST data measured between 1-16 September 2019 

are hereby used. 

 At each location, SST was measured with a submersible logger (HOBO Pendant logger, 

Onset Computer, Bourne, MA, USA) that was permanently attached to the intertidal substrate 

by plastic cable ties secured to eye screws drilled into the substrate, allowing almost no contact 

between the logger and the substrate. The loggers recorded temperature every 30 min. From the 

two resulting time series, values describing SST were extracted. Such values were the 

temperature values recorded closest to the time of the successive peaks of high tide, when the 

loggers were fully submerged in seawater. The time of such tides was determined using 

information for the tide reference stations that are closest to the studied intertidal locations: 

Whitehead (N 45.2333, W 61.1833) for Deming Island and Port Bickerton (N 45.1000, W 

61.7333) for Barachois Head (Tide and Current Predictor 2019). 

 To examine how Dorian's winds reached the studied intertidal locations, data on hourly 

wind speed and daily maximum gusts were retrieved for the weather stations that are closest to 

the studied intertidal locations: Hart Island (N 45.35, W 60.98) for Deming Island and Beaver 

Island (N 44.82, W 62.33) for Barachois Head (Government of Canada 2019). To exclude tidal 

amplitude as a possible explanation for the SST drop measured shortly after Dorian (see 

Results), the height of the highest tide of each day (proxy for tidal amplitude) was retrieved for 

Whitehead and Port Bickerton (Tide and Current Predictor 2019), under the notion that coastal 

SST changes are favoured by spring tides (instead of neap tides) due to increased mixing (Kang 

and Lee 2014; Shanks et al. 2014; Iwasaki et al. 2015). To exclude air temperature as a potential 

explanation for the SST drop measured shortly after Dorian (see Results), data on hourly air 

temperature were retrieved for Hart Island and Beaver Island (Government of Canada 2019). 

 Results 

 Before Dorian's landfall on the Canadian coast on 7 September, SST exhibited relatively 

small changes from day to day, staying between 19-20 °C at Deming Island and 17-21 °C at 

Barachois Head (Figs. 2-3). After Dorian's arrival, however, SST dropped sharply and quickly at 

both locations, reaching 9.7 °C at Deming Island and 6.8 °C at Barachois Head at 18:30 on 8 
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September (Figs. 2-3). By 9 September, SST reached higher levels again, but stayed only around 

15 °C at Deming Island and mostly between 12-17 °C at Barachois Head for the remainder of 

the study (Figs. 2-3). 

 Coastal surface winds barely surpassed 40 km h-1 before 7 September (Figs. 2-3). However, 

during 7 September, winds intensified dramatically as Dorian's centre reached the shore, 

reaching hourly values of 88 km h-1 near Deming Island and 106 km h-1 near Barachois Head 

(Figs. 2-3), with gusts up to 126 km h-1 near Deming Island and 145 km h-1 near Barachois 

Head. After Dorian left the region, and for the remainder of this study, values of wind speed 

remained similar to those measured before this cyclone (Figs. 2-3). 

 The passage of Dorian through the studied region during 7-8 September coincided with 

neap tides, not spring tides (Figs. 2-3). During this study, air temperature often decreased during 

night hours, increasing again during daytime (Figs. 2-3). Thus, the pronounced drop in SST that 

occurred mainly during daytime on 8 September largely coincided with an increase in air 

temperature. 

 Discussion 

 The present study has identified a marked drop of SST in intertidal environments on the 

open Atlantic coast of Nova Scotia shortly after cyclone Dorian made landfall. During the 24 

hours after the centre of this cyclone reached the coast, intertidal SST decreased by 10-12 °C. 

This is a stronger decrease in SST than those caused within one day (up to 6 °C) by upwelling 

resulting from wind and Coriolis forcing on the Nova Scotia coast in summer (Scrosati and 

Ellrich 2020). In fact, the SST drop observed after Dorian rivals intertidal thermal drops caused 

by exposure to the air during low tides in cold winter days, which can decrease intertidal 

temperature (which remains near 0 °C during high tides) by up to 14 °C when air temperature is 

low enough on the Nova Scotia coast (Scrosati 2011). 

 The additional data revealed that neither tidal amplitude nor air temperature were likely 

responsible for the strong intertidal SST drop recorded on 8 September. On marine shores, the 

highest tidal amplitudes occur during periods of spring tides. Compared with neap tides, spring 

tides can favour the cooling of coastal surface waters due to increased vertical mixing (Kang 

and Lee 2014; Shanks et al. 2014; Iwasaki et al. 2015). However, on the studied coast, SST 

changes were either small (Barachois Head) or unnoticeable (Deming Island) during spring 
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tides, suggesting a negligible influence, if any, of neap tides on SST. As the marked SST drop of 

8 September occurred during neap tides, tidal amplitude then seems to have played little-to-no 

influence, a conclusion that was also reached for offshore SST decreases in relation to hurricane 

activity (Miles et al. 2017). Regarding air temperature, the marked intertidal SST drop of 8 

September occurred mostly during daytime, and the main cooling period actually coincided with 

an increase in air temperature. In fact, similar daytime increases in air temperature were 

common during the study period. Thus, air temperature seems not to have played a role in the 

pronounced decrease of intertidal SST after Dorian either. 

 The wind data strongly indicate that cyclone Dorian was, in fact, the cause of the marked 

decrease of intertidal SST on 8 September. At lower latitudes, tropical hurricanes decrease SST 

in offshore environments due to shear-induced vertical mixing of waters, as subsurface layers of 

the ocean are typically cooler than surface layers, especially in summer (Korobkin et al. 2009; 

Lai et al. 2015; Seroka et al. 2016; Liu et al. 2018). The relative stability of intertidal SST on the 

Nova Scotia coast for days before Dorian's arrival suggests that coastal waters were then 

stratified to an extent, Dorian causing intertidal cooling through vertical mixing. The timing of 

the observed cooling after the passage of Dorian agrees with observations made for tropical 

hurricanes (Rao et al. 2004). Interestingly, by 9 September, intertidal SST increased again and 

regained pre-Dorian levels of temporal stability, but staying on average 4-5 °C lower than 

before Dorian. This pattern is in line with an inertial mixing period after direct cyclone forcing 

(Rao et al. 2004). 

 The consequence of such a sharp drop in SST on the physiology of intertidal organisms is 

unknown, but it may not be small given that the cyclone occurred in summer, when organisms 

are acclimated to warm air and water temperatures. As cyclone activity is expected to grow in 

intensity with climate change in temperate latitudes (Knutson et al. 2013; Kossin et al. 2014), 

cyclone-related intertidal thermal ecology might deserve further attention. 
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Fig. 1. Map of Nova Scotia, showing the position of the two studied intertidal locations 
(Deming Island and Barachois Head) and the path of cyclone Dorian's centre (arrows). 
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Fig. 2. Environmental trends for Deming Island between 1-16 September 2019: (a) intertidal sea 
surface temperature (SST), (b) wind speed, (c) height of the daily highest tide (proxy for tidal 
amplitude), and (d) air temperature. SST data for 8 September include the lowest SST value 
found for that day, which was recorded 2 h after the second high tide. 
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Fig. 3. Environmental trends for Barachois Head between 1-16 September 2019: (a) intertidal 
sea surface temperature (SST), (b) wind speed, (c) height of the daily highest tide (proxy for 
tidal amplitude), and (d) air temperature. SST data for 8 September include the lowest SST 
value found for that day, which was recorded 2 h after the second high tide. 


