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Mass Occurrence of Pacific Copepods in the Southern Chukchi Sea During Summer: Implications of the High-Temperature Bering Summer Water
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The Bering Strait is the only gateway to the Chukchi Sea from the Pacific Ocean and is a major route of Pacific water inflow. We recently investigated the occurrence of Pacific copepod species along with the warming of the Chukchi Sea and sought to identify the cause of the mass occurrence these copepods through an analysis of the water masses flowing through the Bering Strait. Zooplankton and Conductivity-Temperature-Depth (CTD) data collection was conducted in the Chukchi Sea and Bering Strait from 2014 to 2016. In addition, mooring systems installed in the Bering Strait were analyzed to obtain water temperature and salinity data during summer to understand the properties of the water masses. In 2015, a high abundance of Pacific copepod species (Eucalanus bungii, Metridia pacifica, and Neocalanus spp.) was observed in Bering Summer Water (BSW), which was relatively warm compared to measurements obtained from 2014 to 2016. As further confirmation, our results were consistent with 2007, 2009, and 2012 data, which showed that the abundance of Pacific copepod species was proportional to the temperature of the BSW entering the Chukchi Sea. In conclusion, we reconfirmed that Pacific copepod species are entering the Chukchi Sea along with BSW, and we newly discovered that their high abundance coincided with the relatively warm BSW, instead of other water masses. These findings suggest that the inflow of the high-temperature BSW (>3°C) plays an important role in the mass occurrence of Pacific copepod species in the southern Chukchi Sea.

Keywords: Pacific copepod, Arctic, Chukchi Sea, Bering Summer Water, mass occurrence


INTRODUCTION

Large amounts of Pacific heat, nutrients, freshwater, and biota pass through the shallow Bering Strait and into the Chukchi Sea, entering the Arctic (Pickart et al., 2010; Corlett and Pickart, 2017; Danielson et al., 2017). Since the 2000s, relatively warm Pacific waters passing through the Bering Strait into the Chukchi Sea during summer have played a significant role on changes in the marine environment (e.g., rising water temperatures and melting ice) of the Chukchi Sea (Shimada et al., 2006; Brugler et al., 2014; Wood et al., 2015; Pickart et al., 2016). Zooplankton communities are more vulnerable to environmental change in polar oceans because they are affected by various rapid hydrographical changes, such as the formation/melting of sea ice, surface cooling, and convection (Matsuno et al., 2011, 2016; Spear et al., 2019). The increasing water temperature and Pacific water inflow are also causing changes in the zooplankton community across the Arctic boundary (Nelson et al., 2009). Among these changes is the appearance, reported in previous studies, of a large number of Pacific copepod species (Eucalanus bungii, Metridia pacifica, and Neocalanus spp.) in the Chukchi Sea since the late 2000s (Matsuno et al., 2011; Ershova et al., 2015a, b).

The occurrence and community structure of Pacific copepod species in the Chukchi Sea are influenced by the composition of water masses flowing from the Bering Sea (Hopcroft et al., 2010; Eisner et al., 2013; Questel et al., 2013; Ershova et al., 2015b; Pinchuk and Eisner, 2017; Xu et al., 2018; Spear et al., 2019). In the southern Chukchi Sea, the northward shift of Pacific zooplankton species is largely correlated with the inflow of Bering Summer Water (BSW) through the Bering Strait (Matsuno et al., 2011; Ershova et al., 2015b). Additionally, an increase in Pacific copepod species in the Chukchi Sea is associated with a “warm state” of sea surface temperature (Pinchuk and Eisner, 2017; Spear et al., 2019). However, it is difficult to predict the changes in species abundance and community structure because of the effects of seasonal and interannual variations on the influx of Pacific waters (Brugler et al., 2014; Corlett and Pickart, 2017). In particular, the drivers of the interannual variation in the occurrence and community structure of Pacific copepod species in the Chukchi Sea are not fully understood. Therefore, to verify the response of marine organisms and their communities to changes in the marine environment, it is necessary to observe oceanographic environmental factors over the long term.

In one sense, it is thought that the reasons for the mass occurrence of the Pacific copepod species in the Chukchi Sea were difficult to define because research addressing the impact on environmental factors offered only a snapshot and included too few cases. In addition, understanding the impact on the water mass, which is known to have the greatest influence on zooplankton communities, was further complicated by analyses of water systems using different water mass classification criteria (e.g., Matsuno et al., 2011; Questel et al., 2013; Ershova et al., 2015b; Corlett and Pickart, 2017; Pinchuk and Eisner, 2017; Xu et al., 2018; Spear et al., 2019). The characteristics of water masses flowing northward through the Bering Strait and directly affecting the occurrence of Pacific copepod species need to be clarified if we are to understand the interannual variations in Pacific zooplankton abundances in the Chukchi Sea.

In this study, we discovered the mass occurrence of Pacific copepod species in the southern Chukchi Sea in August 2015. We measured hydrographic properties using mooring systems and conductivity/temperature/depth (CTD) surveys and correlated these with the mass occurrence of Pacific copepods. This study examined whether an increase in water temperature resulted in the occurrence of Pacific copepod species in the southern Chukchi Sea or whether the Pacific copepod species increased only in tandem with the rise of BSW water temperature. The mass occurrence of Pacific copepod species largely correlated with long-term observation data using a mooring system rather than with the “in situ” water mass examined in CTD surveys.



MATERIALS AND METHODS


Zooplankton Sample Collection and Processing

Zooplankton samples were collected in the Bering Strait and Chukchi Sea during 5–12 August in 2014, 2015, and 2016 (Figure 1). In all cases, a bongo net was towed at a speed of 60 m min–1 for several minutes to sample the entire water column from the bottom to the surface from the IBRV Araon. The bongo net had a 330-μm mesh and a mouth diameter of 60 cm; there were 18 net hauls at 11 stations (Figure 1). Samples from the bongo net were immediately preserved with 5% neutralized formaldehyde for quantitative analyses and were identified to the lowest taxonomic level using a microscope. Abundances [individuals (indiv.) m–3] were calculated via the revolution counts from a one-way flowmeter mounted in the mouth of the net.
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FIGURE 1. Map of the study area with zooplankton collecting locations represented by circles (2016), squares (2015), and dots (2014). The blue asterisk is the A2 mooring location, and the red asterisk is the A3 mooring location.


The type of zooplankton sampling gear used influences the abundance, biomass, and composition of the catch as a result of extrusion or avoidance (Skjoldal et al., 2013). When comparing zooplankton datasets, differences in sampling gear must be considered, especially the sizes of the mesh and net mouth. Traditionally, ring (or bongo, 500 μm, 0.5–1 m mouth diameter), Nansen (333 μm, 0.7 m mouth diameter), or Juday (∼ 170 μm, 0.37 m mouth diameter) nets are used (Ershova et al., 2015b). Recently, 150 μm nets have been used to survey small species in Arctic research (Pinchuk and Eisner, 2017; Spear et al., 2019). Coarse mesh nets (e.g., 500 μm nets) can undersample small species, which commonly make up >90% of the total abundance in this area, while fine mesh nets (<170 μm) may under-represent the larger, faster, and rarer species (Questel et al., 2013). Therefore, we used a 330 μm net (0.6 m mouth diameter), and directly compared the Pacific copepods, which are common enough to be well represented when collected with fine-mesh nets, but large enough to be captured by most coarse nets. The species abundances were generally converted into individuals (indiv.) m–3 in previous studies.

For comparison with current and historical data, the sampling grid was subdivided into two domains: Southern Chukchi (SC) south of 68°N and Central Chukchi (CC) north of 68°N. The stations at 68°N were included in CC. The following well-known indicator species were chosen and combined as Pacific species (Figure 2): E. bungii, M. pacifica, Neocalanus spp. (Neocalanus cristatus, Neocalanus plumchrus, and Neocalanus flemingeri). Although some of these taxa are present outside the Pacific region, this copepod group has long been recognized as dominant in waters of the Pacific Bering Sea (Hopcroft et al., 2010; Matsuno et al., 2011; Ershova et al., 2015b). MANOVA and one-way ANOVA analyses of zooplankton abundances and environmental data were performed with IBM SPSS v23.0. Canonical correlation analysis was used to evaluate relationships between the abundance of Pacific copepod species and environmental data using paleontological statistics (PAST) software (Hammer et al., 2001). Independent t-tests were used to re-evaluate relationships between the abundance of Pacific copepod species and specific water masses based on water temperature and salinity.
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FIGURE 2. (A) Composition of zooplankton and total abundance in summer for the Southern Chukchi Sea 2014–2016; (B) Proportional abundance plots (indiv. m–3) of Pacific copepods in the Chukchi Sea (Eucalanus bungii, Metridia pacifica, and Neocalanus spp. combined); (C) Composition of Pacific copepods in summer for the Southern Chukchi Sea 2014–2016.




CTD Casting and Mooring Data

An intensive oceanographic survey was conducted at the entrance of Bering Strait and continued northward to 72.5°N latitude for the 3 years of the study. Along the stations, vertical profiles of temperature and salinity were obtained from the hydro-casts of a SBE32 carousel water sampler equipped with an SBE 9plus Conductivity-Temperature-Depth (CTD) profiler. For a more accurate classification of water masses inflowing through the Bering Strait, we used the water temperature and salinity data obtained from the Bering Strait Mooring Data Archive1. The water temperatures and salinities were measured by Sea-Bird CTD profilers (SBE 16plus and SBE 37) installed at the top and bottom of the mooring system at mooring sites A2 (65°46.9′N, 168°34.1′W) and A3 (66°19.6′N 168°57.5′W, Figure 1). Site A2 is located in the eastern channel of the strait, whereas Site A3 is located slightly north of the strait (Figure 1). In general, the Anadyr Water via the western channel and warmer/fresher waters via the eastern channel combine at Site A3. We used a time series of temperature and salinity data available at A2 and A3 during the period of July to September in 2007, 2009, 2012, 2014, 2015, and 2016. For more details of the mooring data, please refer to Woodgate et al. (2005).



Water Mass Identification

The Chukchi Sea and Bering Strait waters are classified into two or three main water masses: Alaskan Coastal Water (ACW) and BSW (or, Bering Shelf Water and Anadyr Water) (Coachman et al., 1975; Woodgate et al., 2005; Stabeno et al., 2018). Until recently, various trends in the properties of these water masses have been reported in the Chukchi Sea (Ershova et al., 2015b; Corlett and Pickart, 2017; Danielson et al., 2017; Pickart et al., 2019). In particular, excellent analyses of water masses in this area have been performed by Pickart and colleagues (Pickart and Stossmeister, 2008; Pickart et al., 2010, 2016, 2019; Brugler et al., 2014; Gong and Pickart, 2015, 2016; Pisareva et al., 2015; Corlett and Pickart, 2017; Linders et al., 2017; Lin et al., 2019); many previous studies have cited or applied Pickart’s classifications when identifying water masses (e.g., Ershova et al., 2015a; Weingartner et al., 2017; Yamashita et al., 2019). Due to the purpose and region of this study, the water masses were identified with reference to the recent and well-organized methods of classification in Corlett and Pickart (2017) and Pickart et al. (2019).

Using deep downcast data from each CTD station and data from two mooring stations, we plotted the temperature–salinity (T-S) diagram for water mass identification (Supplementary Figure S1 and Figure 3). The T-S diagram showed that the study area was occupied by several distinct water masses: ACW, Atlantic Water (AW), and BSW. However, the CTD data and the data obtained from mooring systems consisted mainly of ACW and BSW. ACW was a relatively warm and fresh water mass with high temperatures (3–10°C) and a salinity range of 30–32 (Table 1). The AW water mass had high salinity (>33.6, Table 1). BSW was comprised by combining Anadyr water and Bering shelf water in the Bering Strait (Coachman et al., 1975). The BSW water mass had a salinity range of 30.5–33.6 and temperature of 0–10°C (Corlett and Pickart, 2017; Pickart et al., 2019). One year, we observed warm BSW flowing in during the summer, which required a separate designation. Therefore, based on Pickart’s water mass classification of the Chukchi Sea, BSW with a temperature >3°C was referred to as high-temperature BSW (BSWhighT) for the purposes of this study (Table 1). By contrast, BSW with a temperature ≤3°C is referred to here as low-temperature BSW (BSWlowT, Table 1).


TABLE 1. Summary of southern Chukchi Sea water mass characteristics.
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FIGURE 3. A2 and A3 mooring T-S Diagram for 20 July–10. August 2014–2016 (A) Surface (B) Bottom. The shapes filled with color are BSW, and the shapes with no color are ACW (Green circles: 2014; Blue squares: 2015; Red triangles: 2016).





RESULTS


Zooplankton Abundance

Zooplankton abundance ranged from 99 to 3,168 indiv. m–3 (mean: 799 indiv. m–3), with the abundance in the southern Chukchi Sea being higher than that in the north, especially in 2015 (Figure 2A). Copepods comprised 16–93% (mean: 65%) of zooplankton abundance, and plankton larvae comprised 0–55% (mean: 23%) of abundance. The most dominant species was Calanus glacialis, which ranged from 4 to 1,732 indiv. m–3 (mean: 178 indiv. m–3, Figure 2A). The highest total zooplankton abundance (3,168 indiv. m–3) was recorded in the southern Chukchi (SC) Sea in 2015 (mean: 2447 indiv. m–3, Table 2). Pacific copepod species accounted for a maximum of 40% of the total zooplankton abundance in the southern Chukchi Sea (Figure 2A). Particularly, at St. 2 (Figure 1) in 2015, more than 1,000 indiv. m–3 of Pacific copepod species appeared (mean in SC: 874 indiv. m–3, Table 2), with a range of 0–1,210 indiv. m–3 (Figures 2B,C), and E. bungii contributed significantly to the Pacific copepod species abundance (mean in SC: 843 indiv. m–3, p < 0.001, Figure 2C and Table 2). And, the majority of these pacific copepod species were late-stage copepodites of C4 and C5 (Figure 2C).


TABLE 2. Summary of mean abundance (indiv. m–3) ± SD for dominant taxa in southern Chukchi Sea (SC) and central Chukchi Sea (CC).
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Water Masses and Pacific Copepod Species

In situ CTD data showed that in 2015, when Pacific copepod species were collected in abundance, showed an inflow of BSWhighT (Supplementary Figure S1). However, due to the high variability of water temperature and salinity, there was no statistically significant correlation between the CTD and the biological data (p > 0.05). We obtained additional long-term physical data from the mooring systems (A2, A3) in the Bering Strait (Figure 1). In these mooring systems, long-term water temperature and salinity data were obtained for approximately 20 days, including observations at the times of zooplankton collections in 2014–2016. The T-S diagram from the mooring data (Figure 3) shows that the properties of the water masses in this region were based on the Pacific summer waters, ACW, and BSW. In particular, the data from the A3 mooring, located near St. 2 (Figure 1), where Pacific copepod species occurred, consisted mainly of BSW throughout the study period. In 2015, when the Pacific copepod species appeared in abundance, the water temperatures and salinities were relatively high (p < 0.001); of particular note, the temperature of BSW was >3°C (Figure 4A). On the other hand, relatively cold BSW waters (<3°C) were transported into the Bering Strait in 2014 and 2016 (Figure 4A). Particularly in 2014, a large amount of ACW, which has high temperatures (3.5–6.5°C), was transported, but Pacific copepod species rarely appeared (Figure 4). The mean water temperatures in Figure 4A show that the BSW, which was warmer than 3°C, was transported into the southern Chukchi Sea in 2015 when the Pacific copepod species were abundant. On the other hand, the BSW waters cooler than 3°C were transported in 2014 and 2016 when the Pacific copepod species were almost absent.


[image: image]

FIGURE 4. (A) A2 and A3 mooring mean temperature for 20 July – 10. August 2014–2016. Asterisk (*) indicates significant difference (*p < 0.05; **p < 0.001); (B) A2 and A3 mooring mean salinity for 20 July – 10. August 2014–2016 (Red circles: BSW surface; Blue circles: BSW bottom; mauve triangles: ACW surface; cyan triangles: ACW bottom); (C) St. 1 and St. 2 abundance of Pacific copepods (indiv. m–3).





DISCUSSION

Like the Arctic Ocean, the Chukchi Sea exhibits a predominance of copepods in terms of zooplankton abundance and biomass (Kosobokova and Hopcroft, 2010; Ershova et al., 2015b; Smoot and Hopcroft, 2017; Carstensen et al., 2019; Kasyan, 2020), although larvaceans and meroplankton also contribute to the abundance and biomass of the zooplankton community during summer (Lane et al., 2008; Matsuno et al., 2016). Among the copepods, the zooplankton surveys conducted in 2015 showed a notable increase in Pacific copepod species in the southern Chukchi Sea. We focused on the relationship between the occurrence of Pacific copepod species and water masses to elucidate the cause. Several previous studies have shown that BSW is one of the most common water masses during summer in the Bering Strait and in the Chukchi Sea (Ershova et al., 2015b; Corlett and Pickart, 2017; Danielson et al., 2017; Stabeno et al., 2018). The large Pacific copepods M. pacifica, Neocalanus spp., and E. bungii are the dominant species in BSW (Ershova et al., 2015b; Pinchuk and Eisner, 2017).

During 2014–2016, a large amount of BSW inflow occurred every year (Figure 3), but the Pacific copepod species appeared in high abundance only in 2015. This means that the occurrence of Pacific copepod species in the southern Chukchi Sea cannot be explained simply by the inflow of BSW. The mass occurrence of Pacific copepod species could be the result of an immediate water mass change, but it could also be the result of the long-term inflow of the water mass. Thus, we analyzed long-term water temperature and salinity data from the mooring systems. The results showed that Pacific copepod species appeared in the Bering Strait and the southern Chukchi Sea when relatively warm (>3°C) BSW was transported (Figure 4). The ACW is relatively dense and flows surface, whereas the high-density BSW flows bottom; therefore, the difference is more apparent when considering the bottom portions of mooring data (Figure 3B). In 2014 and 2016, when there were few Pacific copepod species, BSWhighT was rarely encountered (Figures 3, 4A). There have also been few reports of BSWhighT in many studies of the water mass in the Chukchi Sea (Corlett and Pickart, 2017; Pickart et al., 2019). Specifically, in 2014, a large influx of warm ACW (3.5–6.5°C, Figures 3A, 4A) did not cause the occurrence of Pacific Copepod species. The abundance of E. bungii, in particular, was strongly positively correlated with high temperature and high salinity (canonical correlation: r = 0.74; p < 0.001). It was also significantly related (p < 0.001) with BSWhighT, with a high temperature (>3°C) and high salinity (32–33.6). In addition, long-term mooring data (for 3 weeks) showed that the BSWhighT, which is more pronounced than in the CTD data, continued to mainly flow in 2015 (Figure 3).

The subarctic Pacific Ocean and the Arctic Ocean have very different zooplankton compositions (Pomerleau et al., 2014; Matsuno et al., 2016). E. bungii, M. pacifica, and Neocalanus spp. are the dominant plankton copepods in the Bering Sea area of the subarctic Pacific Ocean (Springer et al., 1989; Ershova et al., 2015b). In recent years, zooplankton communities in the Chukchi Sea have become increasingly influenced by Bering–Pacific fauna (Ershova et al., 2015b). In 2015 of the present study, however, the mass occurrence of Pacific copepods in the southern Chukchi Sea was exceptional (Supplementary Table S1 and Supplementary Figure S2). In particular, previous studies have not observed massive occurrences of the large copepod E. bungii at more than 1000 indiv. m–3 (Shoden et al., 2005; Ershova et al., 2015a, b). Here, we discovered that E. bungii occurred in this region as the temperature of the BSW rose. Since there were relatively high levels of copepodites (Figure 2C), they were likely introduced with the BSWhighT. Since E. bungii mainly inhabits the warm North Pacific region, it is well suited to warm environments. In previous reports, the abundance of E. bungii also had a higher correlation with water temperature among Pacific copepods (Ershova et al., 2015b). Notably, planktonic larvae increased in 2014 when the temperature of the ACW was high (Figure 2A). This is consistent with previous studies showing that ACW is dominated by meroplankton (Ershova et al., 2015b). Thus, the effect of rising water temperatures exhibits an extremely high variability, but the result might be an increase in the preponderance of certain species and ultimately, decreased species diversity in the Chukchi Sea.

In the surface mooring data of the T-S diagram (Figure 3A), it is difficult to distinguish pure BSW, due to the mixing of the relatively low-density ACW and relatively high-density BSW. In some studies, the two water masses (ACW and BSW) and their mixed water mass have been defined separately for this reason (Ershova et al., 2015b; Pinchuk and Eisner, 2017). By these standards, the occurrence of Pacific copepod species was related not only to the temperature of the BSW but also to that of the mixed water mass containing BSW. However, even if we define mixed water masses (e.g., ACW/BSW) to eliminate the boundary ambiguity caused by the mixing of these water masses, the boundaries will become blurred again, resulting in further ambiguity. Therefore, it is considered more important to use a water mass classification system with clear boundaries that are commonly used and defined by experts in the study area.

We also looked at previous data in addition to our 3-year dataset to further validate our results. A previous study of zooplankton in the Bering Strait and the Chukchi Sea over the past 30 years revealed abundant Pacific copepod species in August and September of 2007 (Matsuno et al., 2011). In addition, recent studies have found few Pacific copepod species in September of 2009 and 2012 (Ershova et al., 2015a). Therefore, we analyzed the water masses from these 3 years using the mooring data. These data (Figure 5) showed that BSWhighT was transported in September 2007, when the Pacific copepod species appeared in abundance (408 indiv. m–3; approximately 15% of the total zooplankton composition), and the BSW temperature was low (<3°C) in September 2009 and 2012, when Pacific copepod species were rarely found (Supplementary Table S1). In these reports, E. bungii and M. pacifica also showed high correlations with BSWhighT (p < 0.05). Thus, the past and present data indicated that the mass occurrence of Pacific copepod species was related to the inflow of the BSWhighT.
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FIGURE 5. A2 mooring T-S Diagram for September 2007, 2009, and 2012. The green bars are relative abundance of Pacific copepods.


In 2015, when Pacific copepod species occurred massively, there was primarily inflow of BSWhighT for 3 weeks (Figure 3). In comparison, the water temperature was higher in 2007 than in 2015, but the BSWhighT was not continuously present for 3 weeks (Figure 5). This shows that the mass occurrence of Pacific copepod species can occur in the southern Chukchi Sea when the BSWhighT continuously and exclusively flows in. Although the relationship between the BSWhighT and the Pacific copepod species was significant in our study period, the water masses flowing through the Bering Strait showed high seasonal variability (Woodgate, 2018). The distributions of zooplankton also depend on season and time and are even affected by the vertical distribution of water masses (La et al., 2018). Our results cannot be generalized to all of these environments; however, our data reconfirmed the relationship between the occurrence of Pacific copepod species and the BSW in the southern Chukchi Sea (Ershova et al., 2015b). Furthermore, we found that the influx of BSWhighT could lead to the mass occurrence of Pacific copepod species, which we revalidated using data from previous studies (Figure 5 and Supplementary Table S1). Recently, planktonic communities of the Chukchi Sea have experienced climate-related changes through both shifts in the transport rate and penetration of Pacific copepod species into the Arctic Ocean (Hopcroft et al., 2010; Ershova et al., 2015b).

Previous data showed that the success of the Pacific copepod species was largely correlated with water temperature, so increases in the abundance of these species with future warming are expected (Ershova et al., 2015b). However, in the present data, only an increase in the temperature of BSW led to an increase in Pacific species, while an increase in the temperature of the ACW had no effect. These findings suggest that if oceanographic changes such as warming and increased BSW inflows continue in the Chukchi Sea, the mesozooplankton community could become more volatile and less diverse, with an increased population of Pacific copepod species. However, if other water masses flow in, in addition to the rise in temperature, an increase in meroplankton may be likely. In previous studies and the present one, the summer zooplankton communities of the southern Chukchi Sea have been primarily pacific in character; warming is more likely to produce greater seasonal and interannual variability than simply accelerating the Pacific character. Despite this high variability, future warming will lead to increased zooplankton biomass via the influx of large copepods and large-scale occurrence of meroplankton in the southern Chukchi Sea, which may lead to increasing number of predators, such as foraging fish (Pinchuk and Eisner, 2017; Eisner et al., 2018). As each temperature rise in the water mass is important, future studies need to observe long-term data and analyze changes in the incoming water mass separately, to understand the zooplankton communities in the Chukchi Sea better. These results will provide a baseline for assessing the effects of future water mass changes on the pelagic ecosystem of the changing Arctic Ocean.
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FIGURE S1 | T-S Diagram of CTD (Bottom to Top) for the Southern Chukchi Sea 2014–2016.

FIGURE S2 | Pacific copepod species abundance in the Chukchi Sea after 1946. Each white symbol represents previous cruise, the red one represents the present study in 2015. The dashed line shows a fitted linear trend over averaged data.


FOOTNOTES

1http://psc.apl.washington.edu/BeringStrait.html
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