Historical Readings – Team 1
Sugar Water 

Hawaiÿi’s streams and estuaries support a small, endemic aquatic fauna that is well adapted to the unique flow characteristics of Hawaiÿi’s streams.  The Hawaiians knew thest fish, shrimp, and mollusks as the ÿoÿopu näkea, ÿoÿopu hiÿukole or alamoÿo, ÿoÿopu nanaiha, ÿoÿopu nōpili, ÿoÿopu akupa or okuhe, ōpae kalaÿole, ōpae ÿoehaÿa, hīhīwai, and hapawai.  These animals are diadromous – although they spend most of their lives in the streams, part of their life cycle involves the ocean.  Eggs of these species are washed out to sea where they stay for four to six months as part of the ocean plankton. The larvae, or hinano, return to streams, possibly attracted by the freshwater plumes that enter the ocean.  Thus, native aquatic species pass through the estuary twice in order to complete their life cycle.  Some of these species are further distinguished by migrating miles upstream, often up steep waterfalls, and colonizing in mountain stream sections.  These native species are deterred by alterations to the stream or estuary; such as channelization, reduced water flow and quality, and interruption of instream flow.  Scientists are concerned about the future of healthy, reproducing populations of these animals and increasingly emphasize the “mauka to makai” connection that must be maintained for their continued viability…  
Wilcox, Carol.  Sugar Water.  Honolulu:  University of Hawaiÿi Press, 1996.

Hawaiian Streams:  The Mauka (mountain) to Makai (sea) Connection 
The Hawaiian Archipelago, situated in the middle of the Pacific Ocean, is the most isolated landmass in the world. The west coast of the U.S. is 2,400 miles away and Japan is 3,800 miles away. The islands range from Kanemilohaÿi (Kure Atoll) in the northwest to the island of Hawaiÿi in the southeast, a span of 1,591 miles. The eight islands from Niÿihau to Hawaiÿi, commonly known as the main Hawaiian islands, make up the lower one fourth (22.3%) of the archipelago but represents nearly 96% of the land mass. Only five of these islands (Kauaÿi, Oÿahu, Molokaÿi, Maui, and Hawaiÿi) are high enough to capture the rain clouds brought to the islands by the prevailing NE trade winds, and for the resulting orographic (generated by the mountain) rainfall to generate streams. These 376 small, torrential mountain streams are located on the windward side of the islands and represents the freshwater ecosystem that is home to our native stream animals.
Hawaiian streams have the following characteristics;

1. They are small compared to many of the larger streams on the US mainland. Hawaiian streams resemble a mainland trout stream but are generally shorter. Only 28 or 7.4% of the streams are 10 miles or longer.

2. Numerous waterfalls characterize many Hawaiian streams. This feature gives the stream a steep profile and is especially evident in streams in the geologically younger islands, such as on the "Big Island" of Hawaiÿi.

3. Stream flow tracks rainfall pattern. Although year round orographic rainfall is the primary source of stream water, localized heavy rainfall and storms passing through the islands cause frequent flooding, called freshets or spates. These flow spikes, often lasting only a couple of days, contribute to the flashy (as in flash flood) characteristic of Hawaiian streams.

The isolation of the Hawaiian Archipelago in the Pacific ocean has resulted in a sparse fish population but many are endemic (only found here) to the islands. There are only about 550 species of marine fishes, as compared to about 2,000 fish species in the Philippines. Hawaiian streams have only five native species of fishes (four endemic, one indigenous, i.e., native but found elsewhere too), two species of crustacean (all endemic) and three species of mollusk (all endemic).

The fishes consist of two closely related familes, Gobiidae and Eleotridae, collectively referred to as ÿoÿopu in the Hawaiian language. These fishes are small, nearly scaleless bottom dwellers as adults. The fused pelvic fins, at least for the gobies, are particularly adapted to the rocky, steep, flashy-flow nature of Hawaiian streams. These highly muscular fins are used for maintaining position in areas of high flow, but most spectacularly, for climbing large waterfalls. One species, ÿoÿopu alamoÿo (Lentipes concolor), is known to migrate up the 420 feet high Akaka Falls on the Big Island.

The native crustaceans are represented by two species. The ÿopae kuahiwi, or mountain opae, prefer the higher sections of the streams where there is abundant cool, clear and fast-flowing water. The other is the prawn, ÿopae oehaÿa, and is most common in the lowest stream section in slow-flowing water.

There are three endemic species of river opihi (limpets) but the most common is the larger hihiwai (Neritina granosa) which are active at night and are most common in the lower to mid stream sections. The other two species can mostly be found at the mouth of rivers.

Most native Hawaiian stream animals share a unique life cycle pattern, called amphidromy. This is a specialized pattern where the animals lives in two different environments (diadromy) during different life stages. The most common example are the salmon and eels, which are commonly given as examples in nature books and shows. Adults live in streams as adults. The gobies lay their eggs in the stream, and upon hatching, the larvae migrate downstream and are swept out to sea. After living in the ocean plankton community for a time, the post larvae, called hinana, return to the adults habitat by migrating upstream, often climbing numerous waterfalls. Unlike the salmon, the gobies do not return to the streams that they were born in.

Maintaining the natural patterns of water flow in streams is the single most important requirement for protection of native Hawaiian stream animals. These natural flows will keep the river mouth open and provide the gateway for our precious native stream animals to complete their life cycle. Hawaiian native stream life, like the native Hawaiian people who depended on the streams, embody the connection of Mauka (mountain) to Makai (ocean) that defines the Hawaiian ecosystem.

State of Hawaiÿi Department of Land and Natural Resources, Division of Aquatic Resources:  http://www.hawaii.gov/dlnr/dar/streams/index.htm
Life Cycle of Hawaiian Stream Fishes 
All species of freshwater fishes and the larger invertebrates (crustaceans and mollusks) indigenous to the Hawaiian high islands have a life cycle characterized by the occurrence of two migrations (amphidromy).  Larval fishes are washed into the ocean shortly after hatching, and then return to streams after a relatively lengthy marine phase lasting perhaps several months (Radtke et al. 1988).  An unanticipated finding of the Iniki study was that, even under the worse conditions for adult fishes (i.e. Hanakapiÿai Stream during the first few weeks after Hurricane Iniki), larval fishes representing each of the upstream species were already moving from the ocean back into a mountain stream.  The occurrence of these migrants at the mouths of streams throughout the study indicates that, even if a stream is damaged to the extent that adults cannot endure or that those remaining are incapable of reproduction, the recolonization of the stream by larval fishes will occur naturally once conditions in the stream become favorable for aquatic life…  
Fitzsimons, J. Michael and Nishimoto, Robert T.  “Recovery of Three Kauaÿi Streams from Hurricane Iniki and Implications for the Restoration and Regeneration of Freshwater Ecosystems in Hawaiÿi.”  From Proceedings of the October 1994 Hawaii Stream Restoration Symposium (pub. November 1996).

Hawaiÿi’s Unique Freshwater Ecosystems 

Hawaiÿi’s freshwater ecosystems are remarkably diverse.  They include Lake Waiau, located near the summit of Mauna Keÿa (the third highest lake in the United States); blackwater streams like the Mōhihi and Waikoali that drain Kauaÿi’s Alakaÿi Swamp; and an underground stream that has carved out a series of limestone caverns under Mōÿiliÿili in the heart of Honolulu.  Altogether, foru natural lakes, 376 perennial streams, numerous intermittent streams and gulches, and over 400 man-made reservoirs and impoundments make up Hawaiÿi’s freshwater ecosystems.  Perennial streams, which by definition are streams that flow year-round, are confined to the five largest islands of Kauaÿi, Oÿahu, Molokaÿi, Maui, and Hawaiÿi.  Intermittent streams flow only during periods of heavy rainfall, and can be found on all of the high islands.  Many intermittent streams contain water year-round in their upper reaches, but are dry at the lower elevations.  Recent studies have demonstrated that these streams can support viable populations of native stream animals.  Compared to the broad river basins on the mainland, Hawaiÿi watersheds are relatively short and steep.  During periods of high rainfall, large volumes of water are quickly conveyed to the sea.  These short-duration, high-volume flows, called “freshets,” play an important role in the life cycles of Hawaiÿi’s native stream animals.  Although our native freshwater stream animals are small in number, they are unique.  Most are found nowhere else on earth.  They include five fish species, two shrimps and several species of mollusks.  All these animals have adapted to life in fast-flowing streams, and several can accomplish the amazing feat of climbing waterfalls, some over 400 feet high!  Having evolved from marine forms, these animals still maintain a strong dependence upon the sea.  In a life cycle referred to as amphidromy, the adults live and breed in fresh water streams, while the newly hatched larvae drifted out to sea, and remain there for several months before returning to freshwater.  Freshets provide the cues which initiate the spawning migrations and breeding of these animals, and they facilitate the subsequent return of their young form the ocean to the stream.  Today, many exotic species can also be found in our streams and reservoirs.  Their origins are diverse and there are many reasons for their introductions.  During the early 1800s, Asian immigrants were recruited to work the sugar and pineapple fields of the new territory.  These people brought with them any of the aquatic animals to which they were accustomed.  In the early to mid -1900s, government agencies brought in many North American and Indo-Pacific species for food and sport.  More recently, a spate of new introductions from around the world can trace their origins to the aquaculture and ornamental fish industries.  Though well-intentioned, many of these introductions pose a threat to the survival of or native stream animals…
Yamamoto, Mike N. and Tagawa, Annette W.  Hawaiÿi’s Native & Exotic Freshwater Animals.  Honolulu:  Mutual Publishing, 2000.

